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Vzhledem k tomu, Ze vysoky obsah mastnych kyselin v kvasném
médiu mdze nepfiznivé ovlivnit vyslednou kvalitu piva, je nutné mit
k dispozici vhodnou analytickou metodu k spolehlivému ur€eni jejich
obsahu v pivu nebo v mladiné.

Predkladana prace popisuje rychlou a jednoduchou moznost se-
lektivniho stanoveni volnych mastnych kyselin (C¢-C4,) v pivu nebo
mladiné pouzitim mikroextrakce na pevné fazi (SPME) a plynové chro-
matografie. Volné mastné kyseliny C¢—C;, byly extrahovany SPME
vlaknem umisténym v headspace prostoru vialky obsahujici vzorek
piva s pfidavkem soli. Z SPME vlakna byly analyty uvolnény termaini
desorpci ve vyhfatém injektoru plynového chromatografu vybave-
ného kfemennou kapilarni kolonou SPB-1000 a plamenoionizaénim
detektorem. Pro lepSi kvantifikaci bylo pouzito kyseliny heptanové
a kyseliny undekanové jako vnitfnich standard. V praci jsou déle po-
psany pracovni charakteristiky optimalizované metody.

Tato metoda je ¢asové nenaro¢na, levna, nepouziva zadna roz-
poustédla a vyznacduje se vysokou citlivosti a opakovatelnosti. Je
mozné ji doporugit pro bézné kontrolni analyzy v pivovarskych labo-
ratofich.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V.: De-
termination of the Fatty Acids in Beer by SPME. Kvasny Prum.
51, 2005, No. 11-12, p. 374-377.

An escalated content of fatty acids during fermentation can influ-
ence the quality of final beer. So it is necessary to use the suitable
analytical method for the determination of their concentrations in beer
or hopped wort.

This work presents the simple and rapid possibility of the selective
determination of the free fatty acids (C¢—C;,) in beer or wort by So-
lid Phase Microextraction (SPME) and gas chromatography. The free
fatty acids C¢—C;, were extracted by SPME fiber placed in the head-
space of vial containing the sample of beer with the addition of salt.
Analytes were thermally desorbed from the coated fiber of the SPME
in the hot injector of the GC equipped with a fused silica capillary co-
lumn SPB-1000 and a flame ionisation detector. For the quantitation
of these medium-chain fatty acids heptanoic acid and undecanoic
acid were used as internal standards. Validated parameters of the
optimalized method for the determination of medium-chain fatty acids
from beer are shown in this work.

This method is time saving, low cost, does not require solvents and
provides high sensitivity and reproducibility. It can be recommended
for routine control analyses in brewery laboratories.
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1 UvoD

Mnozstvi volnych mastnych kyselin v pivu je dano nejenom jejich
obsahem v surovinach, ale predevSim jejich vznikem pri kvaseni
a zrani piva. ZvySena koncentrace mastnych kyselin v kvasném mé-
diu muze negativné ovlivnit vitalitu kvasinek, senzorické vlastnosti
a dale napf. i stabilitu pény hotového piva.

K analytickému stanoveni volnych mastnych kyselin se bézné pou-
ziva plynova chromatografie. Pfed vlastni analyzou je v8ak nutné
mastné kyseliny z piva vyextrahovat a zakoncentrovat. K tomu je vy-
uzivana extrakce v systému kapalina-kapalina nebo adsorpce na sor-
bentu s naslednou eluci analytl. Pfi extrakci kapalina-kapalina je

Unter Beriicksichtigung eines unginstigen Einflusses vom hohen
Gehalt an Fettsduren im Garmedium auf die finale Qualitat des Bie-
res ist es notwendig, eine geeignete analytische Methode zur Fett-
saurenermittlung in der Wirrze oder im Bier vorhanden zu haben.

In diesem Artikel wird eine schnelle und einfache Mdglichkeit ei-
ner selektiven Fettsdurenermittlung (Cs—C;2) in der Wiirze oder im
Bier durch die Anwendung einer Mikroextraktion auf einer soliden
Phase (SPME) und Gaschromatographie beschrieben. Die freie Fett-
saure C¢—C;, wurden durch eine SPME Fieber extrahiert, die in ei-
nem Vial Headspace mit einem Muster Bier mit Salzzusatz unter-
gebracht wurde. Aus der SPME Fieber durch eine Desorption in
einem geheizten Gaschromatographinjektor mit der Quarzkapillar-
kolonne SPB-1000 und mit dem Flammenionisationsdetektor wurden
die Analyte freigelassen. Um eine bessere Quantifikation zu errei-
chen, wurden als innere Standarde die Heptan- und Undekanséaure
angewandt. In dem Artikel wurden weiterhin die Arbeitscharakteris-
tik der optimalisierten Methode beschrieben.

Die Methode ist billig, zeitanspruchlos, weisst eine hohe Empfind-
lichkeit und Reproduzierbarkeit auf und fordert keine Lésungsmittel.
Aus diesen Grunden fiur eine laufende Kontrolanalysen in den Brau-
ereienlabs kann diese Methode empfohlen werden.

Fopak, T. — Yynuk, W. — lOpkoBa, M. — Yeiika, M. — Kennnep, B.:
OnpeperneHne XUpHbIX KUCNoT B nusBe npu nomowwm SPME.
Kvasny Prum. 51, 2005, Ho. 11-12, cTp. 374-377.

B cBA3KM ¢ Tem, YTO BbICOKOE COAEP>XXaHWe >XXMUPHbIX KUCMOT B
6pPO>XKEHHON Ccpefile MOXKET HeraTVBHO MOBMUSTb Ha Pe3ynbTupy-
lolee Ka4yecTBO NuBa, HaZO0 MMETb NOAXOAAWMA aHaNMTUYECKNI
MeTod, MNpu MOMOLWM KOTOPOrO MOXKHO HaAeXHbIM 06pasom
onpeaennuTb UX cofepiKaHune B NBE UMK B Cycre.

B HacToswen paboTe onMcbiBAeTCS SKCMPECHbBIN U HECIOXHbIW
MeTOoZ CeNEKTUBHOrO OnpeAeneHns HeCBA3aHHbIX XXUPHBIX KUCMOT
(Ce—C12) Npun NCNONB30BAHMN MUKPOIKCTParnpoBaHns Ha TBEPLYHO
¢asy (SPME) u razosomn xpomartorpacdummn. HecBaszaHHble XUPHbIE
kucnotbl Ce—Cy, 6bINM 3KcTparnpoBaHbl Ha BOMokHO SPME
pasmMelleHHoe B headspace cpege Buanku cogepxxaiien npoby
nuBa c pobaskom conun. W3 BonokHa SPME 6binn aHanuthbl
0cBO6OXAEHbI MyTEM TEMMOBOW AeCOPOLMUN B HArpeTOM NHXXEKTOPE
rasoBoro xpomaTtorpada ¢ KBapLEBOW KanufsPHOW KOTOHKOM
SPB-1000 »# nnamMeHHO-MOHW3AUMOHHBIM  [EeTEKTOPOM. bBbinu
MCMosib30BaHbl KUCIOTbI FenTaHoBasi M YHAEKaHOBasi KaK BHY-
TPEHHVEe cTaHgapAbl ANsS nydwen KeaHTUguKauun. B paboTte
onucbiBaloTCA paboyme XapakTepuUCTUKM  ONTUMU3MPOBAHHOIO
mMeToaa.

HacTtosawun meto He TpeboBaTesbHbIN HA BPEMS, AELIEBbIN, He
NPUMEHSIET PacTBOPUTENEN 1 OTNINYAETCS BbICOKOW YyBCTBUTEMb-
HOCTbIO M MOBTOPSEMOCTbI0. MOXHO ero pekoMeHA0BaTh A5 06bI4-
HbIX KOHTPOJIbHBIX aHasIM30B B NlabopaTopusix Ha MUBOBAPEHHbIX
3aBojax.

Keywords: fatty acids, SPME, beer, gas chromatography

1 INTRODUCTION

Free fatty acids in beer originate from raw materials and mainly
from fermentation activity of yeasts and can influence beer taste, vi-
tality of yeasts and also the foam stability of beer.

Gas chromatographic methods for determination of free fatty acids
in beer can involve two different techniques for sample preparation:
liquid-liquid extraction, or adsorption on a sorbent bed and subse-
quent extraction. Liquid-liquid extraction requires large volumes of ex-
pensive and possible harmful organic solvents including chloroform
[1], a mixture of chloroform and ethanol [2], dichlormethane [3], and
a mixture of ethyl acetate and n-pentane [4]. This procedure is also
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nutné pouzit velké mnozstvi drahych a zdravi nebezpeénych roz-
poustédel jako je chloroform [1], smés chloroformu a ethanolu [2], di-
chlormethan [3] a smés ethylacetatu a n-pentanu [4]. Tento pfede-
vSim C&asové narocny postup lze uspé&3Sné nahradit modernimi
metodami — extrakci na pevné fazi (SPE). Nej¢astéji jsou pouzivany
kolonky naplnéné vazanou fazi C18 [5, 6]. Vyhodou téchto technik je
rychlost, minimalizace mnoZstvi pouzitych organickych rozpoustédel
a z hlediska dosazenych vysledk( dobra vytéZnost a vysoka repro-
dukovatelnost.

Dal$i moznosti je vyuziti metody mikroextrakce na pevné fazi
(SPME). Tato nova technika predstavuje rychly a jednoduchy zplisob
pfipravy vzorkd bez pouziti jakéhokoli extrakéniho rozpoustédia [7,
8]. SPME metoda byla jiz iuspésné pouzita pfi stanoveni rliznych sen-
zoricky aktivnich latek v napojich [9, 10, 11, 12].

Prace se zabyva nalezenim vhodnych SPME podminek, jako je na-
pfiklad uéinek vysolovaciho efektu siranu amonného, doba extrakce
a vliv koncentrace ethanolu na extrakci volnych mastnych kyselin
(Cs—C12) z piva a mladiny. Dale jsou uvedeny dosazené pracovni cha-
rakteristiky optimalizované metody. Pozornost je vénovana také vlast-
nimu analytickému stanoveni na plynovém chromatografu s plame-
noioniza¢nim detektorem.

2 EXPERIMENTALNI CAST
2.1 Pouzité chemikalie, standardy

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

Kyselina hexanova (kapronova), heptanovd, oktanova (kaprylova),
nonanova (pelargonova), dekanova (kaprinova), undekanova a do-
dekanova (laurova) — Supelco, USA.

2.2 Priprava vzorku a podminky headspace SPME

Vzorky zakoupeného piva byly pfed analyzou vychlazeny na 4 °C.
V8echny pokusy vedouci k optimalizaci podminek stanoveni a pro
proméfeni kalibraénich kfivek byly provadény na modelovém roztoku
5 % obj. ethanolu ve vodé. Experimenty byly provadény v headspace
usporadani SPME. Extrakce byla provadéna v headspace prostoru
nad 4 ml vzorku obohaceného pridavkem kyseliny heptanové a un-
dekanové, které byly vyuzity jako vnitfni standardy (vysledna kon-
centrace kazdé kyseliny byla 1,3 mg/l), ve sklenéné vialce o objemu
20 ml uzaviené septem krytym hlinikovou félii. Pfed zahajenim SPME
extrakce byla vialka se vzorkem intenzivné tfepana po dobu 10 s.

2.3 Podminky plynové chromatografie

Vlastni stanoveni probihalo na plynovém chromatografu Carlo Erba
5300 Mega Series. Analyty byly terméalné desorbovany z SPME
vlakna opatfeného fazi 65 um Carbowax-Divinylbenzen ve vyhfatém
prostoru injektoru plynového chromatografu. K separaci byla pouzita
30 m dlouh&a kfemenna kapilarni kolona SPB-1000 firmy Supelco
s vnitinim primérem 0,32 mm a tloustkou filmu 0,25 um. Kolona byla
temperovana na 120 °C po dobu 2 min, poté nasledoval teplotni gra-
dient 10 °C/min do teploty 150 °C a nasledné 30 °C/min az do tep-
loty 200 °C. P¥i této teploté kolona zUstala po dobu 15 min. SPME
vlakno bylo ponechano v injektoru po dobu 5 min, a tak zaroven do-
Slo k jeho kondicionaci pro dal$i analyzu. Nastfik byl provadén ve
splitless médu, split ventil byl otevien po dobu 0,5 min. Injektor i pla-
menoionizacni detektor byly vyhfaty na teplotu 250 °C. Jako nosny
plyn bylo vyuzito helium v kvalité 5.0, tlak na kolonu byl 100 kPa pfi
75 °C.

3 OPTIMALIZACE METODY

Posunuti fazové rovnovahy ve prospéch plynné faze Ize docilit pfi-
davkem soli anorganickych kyselin. Z tohoto dlvodu byl testovan vy-
solovaci uc¢inek siranu amonného na extrakci volnych mastnych ky-
selin, a to v koncentra¢nim rozsahu 0-4 g soli ve 4 ml vzorku.

Z obr. 1 je patrné, ze vysolovaci efekt se zde oCividné uplatriuje.
Pro kyseliny C4,—C,, bylo maximalni odezvy dosazeno jiz po pfidavku
2 g soli, ale pro kyseliny Cs—Cy az po pfidavku 4 g siranu amonného
(data nejsou uvedena). Poméry odezvy jednotlivych kyselin Cs—Cyq

time consuming. The modern methods are based on solid phase ex-
traction (SPE) usually used C18 bonded-phase column [5, 6]. These
techniques are quite fast, minimizing volumes of organic solvents and
lead to good recovery and high reproducibility.

Solid Phase Microextraction (SPME) method can be used instead
of these methods. SPME is fast, simple and solventless alternative
sampling technique [7, 8] and has been applied to a number of fla-
voured and taint analyses of beverages [9, 10, 11, 12].

This study presents the evaluation of SPME conditions included
effects of addition of salt (ammonium sulphate), time of sampling and
influence of ethanol concentration on the analysis of the free fatty
acids (C¢—C;,) in beer or wort. Validated parameters of optimalized
method were obtained. The attention is also focused to the analyti-
cal determination of these compounds using gas chromatograph
equipped with flame ionization detector.

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 (pe-
largonic), decanoic (capric), undecanoic and dodecanoic (lauric)
acids were obtained from Supelco, USA.

2.2 Sample preparation and headspace SPME procedures

Bottled commercial beers were kept cool (4 °C) until they were ana-
lysed. 5 % V/V ethanol was used for the evaluation of the method and
for the calibration curves. Headspace SPME was applied for all ana-
lyses. The SPME fiber was exposed to the headspace above 4 ml of
the sample with the addition 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 aluminium-coated septum. The vial was vi-
gorously shaken for 10 sec. prior to the commencement of headspace
SPME.

2.3 GC analysis

The GC analysis was carried out using a Carlo Erba 5300 Mega
Series gas chromatograph. Analytes were thermally desorbed from
the SPME fiber coated with 65 um Carbowax-Divinylbenzene in the
hot injector of the GC and 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, ram-
ped 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 fi-
ber remained in the injector for 5 min in order to condition it for the
next analysis. The split-splitless injector was used, and the split vent
was opened after 0.5 min. Temperatures 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 100 kPa at 75 °C.

3 METHOD OPTIMIZATION

The effect of the addition of salt (ammonium sulphate) on the ex-
traction of the free fatty acids was examined by the addition of vary-
ing concentrations of salt (0—-4 g) to 4 ml of the sample.

Figure 1 demonstrates that the salting-out effect obviously took
place. The salting-out effect reached saturation about 2 g of salt ad-
dition for C;,—C;, acids and about 4 g of salt addition for Cs—C, acids
(data not shown). The values of the response ratios of Cs—C, acids
to C; acid (internal standard) and C,,—C;, acids to C;; acid (internal
standard) were relatively consistent and coefficients of variation were
in a range of 4.3-7.8 %. This observation demonstrated that the va-
lues of the response ratios were constant regardless of the signifi-
cant salting-out effect.

The effect of the length of the sampling time on the extraction of
the free fatty acids is shown in Figure 2. The responses increased up
to 30 min, while the values of the response ratios of each fatty acid
to internal standards C or C,; acid remained constant throughout all
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Obr. 1/ Figure 1 Vliv pfidavku soli (siranu amonného) na celkovou
odezvu volnych mastnych kyselin / Effect of the addition of salt (am-
monium sulphate) on the total response of the free fatty acids

Obr. 2/ Figure 2 Vliv délky doby vzorkovani na extrakci volnych mast-
nych kyselin / Effect of the length of the sampling time on the ex-
traction of the free fatty acids

k odezvé kyseliny C, (vnitfni stan-

extraction times with coefficients
of variation in a range of

dard) a poméry odezvy jednotli- 1200
vych kyselin C,,—C;, k odezveé ky-
seliny Cy; (vnitfni standard) byly
relativné stalé. Varia¢ni koeficienty
ve vSech pfipadech lezely v roz-
sahu 4,3-7,8 %. Z toho vyplyva,
ze pomeéry odezvy dané mastné
kyseliny a vnitfniho standardu jsou
konstantni bez ohledu na vyznam
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The influence of varying con-
centrations of ethanol on the ex-
traction of the free fatty acids is
shown in Figure 3. With the incre-
asing concentration of ethanol the
responses decreased, however
the response rations of each fatty

vysolovaciho efektu.

Vliv délky doby vzorkovani na
extrakci mastnych kyselin je
zfejmy z obr. 2. Odezva detektoru
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acid to internal standards C, or C44
acid were constant with coeffici-
ents of variation in a range of
2.1-7.5 %.

vzrlistala az do doby 30 min, pfi-

¢emz hodnoty pomérli odezvy
kazdé mastné kyseliny k odezvé
vnitfnich standardd kyselin C,

Obr. 3 / Figure 3 Vliv rlizného obsahu ethanolu na extrakci volnych
mastnych kyselin / The influence of varying concentrations of etha-
nol on the extraction of the free fatty acids

Figure 4 shows the chromato-
gram of beer sample. The peaks
of all free fatty acids and internal

nebo C,; zUstavaly konstantni bé-
hem v$ech rliznych dob extrakce.
Varia¢ni koeficienty se nachazely v rozsahu 2,5-6,9 %.

Obr. 3 doklada vliv rizného obsahu ethanolu na extrakci volnych
mastnych kyselin. Se vzristajici koncentraci ethanolu sice odezva la-
tek klesa, ale poméry odezev jednotlivych mastnych kyselin k odezve
vnitfnich standard( kyselin C; nebo C;4 zlstavaly neménné a vari-
acéni koeficienty vykazovaly hodnoty 2,1-7,5 %.

Chromatograficky zaznam realného vzorku piva je uveden na
obr. 4.Je z néj patrna vyhovuijici separace vSech stanovovanych mast-
nych kyselin a vnitfnich standard( prosta vSech interferenci.

standards were clearly free from
interferences by other GC eluents.

4 METHOD VALIDATION

A calibration curve throughout a range of the free fatty acids con-
centration from 0.0015 mg/l to 8 mg/l in the 5 % V/V ethanol solution
showed a better fit to a quadratic curve than to a linear curve. For all
fatty acids the correlation coefficients to straight lines were from
0.9931 to 0.9989, for a quadratic curves fit were from 0.9956 to
0.9993.

Table 1 shows validated parameters. The accuracy of the method

Voltage

. J“\ \

LM A A

— Beer sample spiked IS

v
=N

A R N\

T
5 10

15 20

[min.]

Obr. 4 / Figure 4 Chromatogram piva. 1 — kapronova kyselina, 2 — heptanova kyselina (vnitfni standard), 3 — kaprylova kyselina, 4 — nona-
nova kyselina, 5 — kaprinova kyselina, 6 — undekanova kyselina (vnitfni standard), 7 — laurova kyselina / Chromatogram of beer. 1 — caproic
acid, 2 — heptanoic acid (internal standard), 3 — caprylic acid, 4 — nonanoic acid, 5 — capric acid, 6 — undecanoic acid (internal standard), 7
— lauric acid
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4 VALIDACE METODY

Pro v8echny stanovované volné mastné kyseliny byla proméfena
kalibraéni kfivka v rozsahu koncentraci 0,0015 mg/l az 8 mg/l v 5 %
obj. roztoku ethanolu. LepSi shody bylo dosazeno proloZzenim jedno-
tlivych kalibra¢nich bodl kvadratickou kfivkou namisto linearni re-
grese. Korelaéni koeficienty v8ech mastnych kyselin pfi pouZiti line-
arni regrese lezely v rozmezi 0,9931-0,9989, zatimco pfi aplikaci
kvadratické kfivky jejich rozsah byl od 0,9956 do 0,9993.

Valida¢ni parametry jsou shrnuty v tab. 1. Spravnost metody byla
ovéfena pomoci vytéznosti. Nejprve byl zméren pfirozeny obsah vol-
nych mastnych kyselin v sedmi reélnych vzorcich piv. Poté byly tytéz
vzorky piv obohaceny pfidavkem mastnych kyselin na koncentraéni
hladiné 2 mg/l kazdé latky. Opakovatelnost metody byla zjisténa opa-
kovanou headspace SPME analyzou jednoho a téhoz vzorku piva
(sedmkrat béhem jednoho dne).

Vysledky dokazuji, Ze metoda se vyznacuje dobrou opakovatel-
nosti a Zze koncentrace volnych mastnych kyselin jsou stanoveny
spravné.

5 ZAVER

Bylo dokazano, Ze i kdyz jsou odezvy volnych mastnych kyselin
ovliviiovany pfidavkem soli, dobou vzorkovani a obsahem ethanolu,
poméry odezev kyseliny kapronové, kaprylové a nonanové k odezvé
kyseliny heptanové jako vnitfnimu standardu a kyseliny kaprinové
a laurové k odezvé kyseliny undekanové jako vnitfnimu standardu
zUstavaji konstantni bez ohledu na jakékoliv zmény ve vySe uvede-
nych podminkach. Pro stanoveni volnych mastnych kyselin v pivu
nebo mladiné headspace SPME metodou byly na zékladé provede-
nych experimentd navrzeny tyto podminky: 4 ml vzorku obohaceného
pridavkem vnitfnich standardu kyseliny heptanové a undekanové (vy-
sledn& koncentrace kazdé latky €inila 1,3 mg/l vzorku) a 4 g siranu
amonného, protfepat v ruce po dobu 10 s. Poté nasleduje extrakce
za laboratorni teploty po dobu 30 min SPME vlaknem pokrytém fazi
65 um Carbowax-Divinylbenzen, umisténém v headspace prostoru
vialky.

Tato metoda je ¢asové i finanéné nenarocnd, nepouziva zadna roz-
poustédla a vyznacuje se vysokou citlivosti
a opakovatelnosti. Uvedenou metodu je
mozné doporudit pro potfeby béznych kon-
trolnich analyz v pivovarskych laboratofich.

was investigated by conducting the free fatty acids recovery test. The
test was performed by measuring naturally occurring the free fatty
acids in 7 beer samples followed by measuring the same beer spi-
ked with a known concentration of each fatty acid (2 mg/l). The re-
peatability of the method was investigated by repeating the head-
space SPME analysis (7 times on the same day) of the same beer
sample.

The results indicate that the method has very good repeatability
and that the concentrations of the free fatty acids are accurately de-
termined.

5 CONCLUSIONS

It was demonstrated that the responses of the free fatty acids are
related in the addition of salt, the sampling time and ethanol con-
centration, while the response ratios of caproic, caprylic and nona-
noic acid to heptanoic acid (internal standard) and capric and lauric
acid to undecanoic acid (internal standard) remains constant re-
gardless of the changes in any of the above conditions. The proce-
dure devised for the practical extraction of the free fatty acids from
beer or wort by headspace SPME utilizes 4 ml of the sample with the
addition of heptanoic and undecanoic acids as internal standards (fi-
nal concentration: 1.3 mg/l of each compound) and 4 g of ammonium
sulphate, shaken manually for 10 s followed by headspace SPME
using 65 um Carbowax-Divinylbenzene coating fiber for 30 min at
ambient temperature.

This method is time saving, low cost, does not require solvents and
provides high sensitivity and reproducibility. It can be recommended
for routine control analyses in brewery laboratories.
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Tab. 1/ Table 1 VytéZnost a opakovatelnost headspace SPME metody stanoveni volnych mast-
nych kyselin (CV — varia¢ni koeficient) / Recovery and Repeatability of the free fatty acids ob-

tained by the headspace SPME method (CV — variation coefficient)

Podékovani Sloucéenina / Compound 7 . Opakovatelnost /
Tato prace byla finanéné podporena Ces- Obohaceni / Spike (2 mg/l) Repeatability
kym svazem pivovar(l a sladoven. Vytéznost /
. Recovery (%) CV (%) CV (%)
(Zpracovano podle posteru [ Kapronova kyselina / Caproic acid (Ce) 110 48 37
prezentovaného na 27th International - kapryiova kyselina / Caprylic acid (C) 103 4,3 2,3
Symposium on Capillary Ch(omatogr aphy, Nonanova kyselina / Nonanoic acid (Co) 105 7,1 8,1
Riva del Garda, Kaprinova Kvselina / Capri 0 (C % 15 48
31.5.—4. 6. 2004) aprinova kyseiina / ~-apric act (Cro) : :
Do redakce doslo 2. 6. 2005 Laurova kyselina / Lauric acid (C;5) 95 5,8 5,1
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