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Mastné kyseliny v pivu pochazeji jednak z pouzitych surovin a jednak vznikaji pfi kvaseni a zrani piva. Vysoky obsah mastnych kyselin
v kvasném médiu mdze neptiznivé ovlivnit vyslednou kvalitu piva. Proto je nutné mit k dispozici rychlou, rutinni metodu k jejich stanoveni.
Tato prace popisuje postup vyhovujici témto pozadavkiim pomoci metody stanoveni mastnych kyselin v pivu nebo mladiné zaloZzené na
technice extrakce na pevné fazi (SPE). K vlastnimu stanoveni mastnych kyselin bylo pouzito rychlejsi plynové chromatografie s kiemen-
nou kapilarni kolonou o vnitfnim priméru 0,18 mm. K detekci byl pouzit plamenoionizaéni detektor (FID). V praci jsou uvedeny pracovni
charakteristiky predlozeného postupu.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — OlSovska, J.: Determination of fatty acids in beer by fast routine analyse. Kvasny
Prum. 59, 2013, No. 3, p. 58-62.

Fatty acids in beer originate not only from raw materials but their content depends also on the duration of fermentation. An increased
content of fatty acids during fermentation of wort can influence the quality of final beer. For this reason it is necessary to use a fast and
routine analytical method for the determination of their concentration in beer or hopped wort. This paper presents a suitable procedure
based on solid phase extraction (SPE). The final determination of fatty acids was carried out using faster gas chromatography with silica
capillary column of 0.18 mm internal diameter. Flame ionization detector (FID) was used for the detection. Working parameters of this
procedure are described in this study.

Horak, T. - Culik, J. — Jurkova, M. — Cejka, P. — OlSovska, J.: Die Feststellung der Fettséiuren im Bier durch eine schnelle routine
Methode. Kvasny Prum. 59, 2013, Nr. 3, S. 58-62.

Die Fettsduren im Bier stammen einerseits aus den angewandten Rohstoffen, anderseits entstehen wahrend der Garung und der La-
gerung des Bieres. Der hohe Gehalt an Fettsduren kann die finale Qualitét des Biers negativ beeinflussen, deswegen ist es notwendig,
eine schnelle routine Methode zur ihrer Bestimmung zur Verfligung zu haben. Im Artikel wird ein diesen Anforderungen passendes Ver-
fahren durch Feststellung der Fettséduren im Bier oder in der Wiirze, gegriindet mittels der Technik einer Extraktion auf der festen Phase
(SPE) beschrieben. Zur eigenen Feststellung der Fettsduren wurde eine schnellere Gaschromatographie mit Siliziumkapillarkolonne (ID
0,18 mm) angewandt. Zur Detektion wurde ein Flammenionisationsdetektor (FDI) gebracht. In dem Artikel werden die Arbeitscharakte-

ristiken des vorschlagenen Verfahrens beigeflgt.

Kliova slova: mastné kyseliny, pivo, extrakce na pevné fazi (SPE),
rychlejsi plynovéa chromatografie

1 UvoD

Na senzorickych vlastnostech piva se podili velké mnozstvi téka-
vych a netékavych latek, které pivo obsahuje. Mnoho téchto latek
produkuji kvasinky b&éhem fermentace. Jednou z téchto senzoricky
aktivnich skupin latek jsou mastné kyseliny. Maji vliv na vitalitu kvas-
nic, mohou ovlivnit chut piva a také stabilitu pivni pény (Chen, 1980;
Drost et al., 1971; Clapperton, 1978a).

Niz8i mastné kyseliny, jako je kyselina hexanova, oktanova a de-
kanova, jsou vytvareny kvasnicemi pfi fermentaci béhem biosyntézy
vyssich mastnych kyselin. Jejich vznik ovliviiuje celd fada faktora.
Mezi nejvyznamnéjsi patfi stres kvasnic, slozeni mladiny a stupen
provzdusnéni. Niz§i mastné kyseliny jsou odpovédné za Zluklou
nebo kozi pachut (Clarke et al., 1981).

Prispévek téchto kyselin k celkovému arématu je aditivni. V du-
sledku toho se Zlukla nebo kozi pachut mdze projevit i v pfipadé, ze
koncentrace jednotlivych kyselin nepfesahuje jejich prahovou kon-
centraci vnimani. Senzorické zavady, které jsou dlsledkem téchto
kyselin, maji obvykle svidj plivod ve fermentaci, kdy vznika nadbytek
téchto kyselin, nez v infekci nebo surovinach (Meilgaard, 1975; Cla-
pperton, 1978b).

Vy88i nenasycené mastné kyseliny jako jsou linolovéa a linoleova
kyselina maji velky vyznam z toho hlediska, ze jejich oxidativni de-
gradaci vznikaji latky odpovédné za starou chut (Dominguez a Ca-
nales, 1974; Tressl et al., 1979).

Mastné kyseliny se obvykle stanovuji pomoci plynové chromato-
grafie. Pfed vlastni analyzou je vS8ak nutné mastné kyseliny z piva
vyextrahovat, zkoncentrovat, eventualné jesté predistit. K tomu je
mozné vyuzit rizné extrakéni postupy.

Pfi extrakci v systému kapalina-kapalina se obvykle pouziva vel-
ké mnozstvi drahych a zdravi nebezpecénych rozpoustédel jako je

Keywords: fatty acids, beer, solid-phase extraction (SPE), faster
gas chromatography

1 INTRODUCTION

Beer consists of many volatile and nonvolatile compounds that af-
fect beer flavor, a combination of odor and taste. Many of these aro-
ma compounds are synthesized by yeast during fermentation. Free
fatty acids represent one group of these beer flavors that affect beer
taste, the vitality of yeast, and also the foam stability of beer (Chen,
1980; Drost et al., 1971; Clapperton, 1978a).

Straight-chain acids as hexanoic, octanoic, and decanoic acids
are formed by yeast during synthesis of long-chain fatty acids dur-
ing fermentation. A number of factors influence their formation. The
most important aspects are yeast strain, original gravity, wort com-
position, and degree of aeration (Clarke et al., 1981).

Rancid or goaty flavor is typical for these medium-chain fatty ac-
ids. The aroma contributions of these flavors are additive. Therefore,
rancid and goaty off-flavors can occur even though none of the indi-
vidual acids are present above threshold concentrations. Off-flavors
due to these acids normally arise by their excess formation during
fermentation, not other causes such as infection or raw materials
(Meilgaard, 1975; Clapperton, 1978).

Unsaturated long-chain fatty acids such as linoleic and linolenic
acids are especially of great importance because their oxidative deg-
radation, by means of either enzymatic or free radical reactions, may
lead to the formation of a characteristic aging flavor (Dominguez and
Canales, 1974; Tressl et al., 1979).

Fatty acids are usually determined by gas chromatography. Sam-
ple preparation methods include extraction and also frequently con-
centration steps. Different techniques for sample preparations can
be used.

Liquid-liquid extraction usually requires large volumes of ex-
pensive and possibly harmful organic solvents such as chloroform
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chloroform (Chen, 1980), smés chloroformu a ethanolu (Drost et al.,
1971), dichlormethan (Clapperton, 1978a), a smés ethylacetatu a n-
-pentanu (Clarke et al., 1981). Kromé toho tento postup je ¢asové
narocny.

Klasickou extrakci v systému kapalina-kapalina nahrazuje v po-
slednich letech stale popularnéjsi a oblibenégjsi extrakce na pev-
né fazi (SPE). Princip spociva v zachyceni sledovanych analyt,
které jsou obsazeny v kapalné fazi, na specialnim sorbentu diky
silnym, ale reversibilnim interakcim mezi analytem a povrchem
stacionarni faze. Pfitom by nemélo dojit k interakcim mezi staci-
onarni fazi a slozkami matrice. Mezi typické interakce patfi hyd-
rofobni van der Waalsovy sily, vodikové mustky, sily dipél-dipdl
nebo iontové vymeénné interakce. Sorbent je umistén mezi fritami
v extrakéni minikolonce uréené na jedno pouziti. Cilem tohoto po-
stupu je jednak odstranéni interferujicich latek obsazenych v ma-
trici a jednak izolace a zakoncentrovani (100x — 5000x) stanovo-
vanych latek.

Metoda SPE zahrnuje &tyfi po sobé jdouci kroky: 1) Kondicionace
sorbentu. V této fazi se SPE kolonka pfipravi na interakci se sor-
bentem. Casto se provadi methanolem, vodou nebo pufrem. Jde
0 nezbytny krok pro reprodukovatelnou sorpci analyt(. 2) Aplikace
vzorku. S vyuzitim podtlaku vytvofeného membranovou pumpou
se vzorek prosaje skrz kolonku. Sledované analyty se zachytavaji
v zké z6né na sorbentu. Cast interferujicich latek z matrice projde
kolonkou pfimo do odpadu, ¢ast se adsorbuje. 3) Promyti. Zachyce-
né interferujici latky z matrice jsou odstranény z povrchu stacionarni
faze. 4) Eluce. Pfi tomto poslednim kroku dochazi k selektivni de-
sorpci analyzovanych latek pomoci vhodného rozpoustédla (Merck,
2000; Merck, 2005).

DalSi technikou pouzitelnou ke stanoveni mastnych kyselin v pivu
je mikroextrakce na pevné fazi — SPME. Jde o adsorp&né/desorpéni
techniku vyvinutou Pawliszynem v 1. poloviné 90. let minulého stoleti
(Prochazkova, 1999; Horak et al., 2005; Horak et al., 2009a).

DalSi rozvoj mikroextrakénich technik dospél k zavedeni metody
extrakce na michaci ty¢ince — SBSE. Tento postup je zaloZzen na
sorpci analytd na tenky film z polydimethylsiloxanu (PDMS), kterym
je pokryta michaci ty¢inka (Baltusen et al., 1999). Vzhledem k pod-
statné vétSimu mnozstvi polydimethylsiloxanové faze, do které se
mohou extrahovat latky, dosahuje SBSE podstatné vySSi citlivosti
nez postup SPME (Bicchi et al., 2002). VyuZziti této techniky pfi sta-
noveni nizSich a vy&Sich mastnych kyselin v pivu je popséno v pra-
cich (Horék et al., 2008; Horak et al., 2009a; Horak et al., 2010).

Jak vyplyvéa z prace (Horék et al., 2009a), SPME technika je vy-
hodna pro stanoveni nizSich mastnych kyselin v pivu diky své jed-
noduchosti, reprodukovatelnosti, asové nenarocnosti a nizké cené.
Na druhé strané viakno je velmi kfehké a vyzaduje velice opatrné za-
chazeni. Velkad nevyhoda tohoto postupu spociva v tom, ze v ramci
jednoho extrakéniho kroku nelze stanovit jak nizsi, tak vy$8i mastné
kyseliny. SBSE postup je v porovnani s SMPE daleko robustné;si.
Jde rovnéz o velmi nenaroénou metodu, ale pfiprava extraktu timto
postupem trva az pétkrat déle nez u metody SPE. Navic pofizeni
SBSE michaci ty¢inky je velmi obtizné, nebot ji komeréné dodava
pouze firma Gerstel. Z téchto divodu se predlozend prace zaméiu-
je na stanoveni nizSich i vy$Sich mastnych kyselin v pivu metodou
SPE.

Pozadavky na dnesni analyzy zahrnuji nejen ziskani pfesnych
a reprodukovatelnych vysledkd, ale také nutnost jejich dodani v co
nejkratsi dobé. Jednou z moznosti, jak zkratit celkovou dobu ana-
lytického stanoveni, je urychleni plynové chromatografické separa-
ce vyuzitim rychlejsi plynové chromatografie. Toho Ize doséhnout
pouzitim kapilarnich kolon s vnitfnim primérem 0,1 mm. Nevyhoda
téchto kolon spociva v nutnosti vyvinout vysoky tlak na hlavé ko-
lony, obvykle 600 kPa nebo jesté vysSi, dale nezbytnost rychlého
ohfevu chromatografické pece a pozadavky na detektory s rychle
skenuijici elektronikou. Témto zvySenym narokim nejsou vSechny
bézné chromatografy schopné vyhovét. Rozumnym kompromisem,
ktery umozni jak vyznamné zkraceni plynové chromatografického
stanoveni, tak vyuziti stavajici instrumentace, je pouziti chromato-
grafickych kolon s vnitfnim primérem 0,18 mm. Pracovni podminky
na téchto tenkych kolonach Ize velmi jednodu$e ziskat “pfelozenim*
podminek na stavajici konveéni koloné pomoci “pfekladového” soft-
ware (Horak et al., 2009b; Horak et al., 2009c; Snyder at al., 1992;
Quimby et al., 1995).

V této préaci je popsana extrakce nizSich i vy$Sich mastnych kyse-
lin z piva pomoci SPE metody a jejich nasledné stanoveni pomoci
rychlejSi plynové chromatografie. Jsou zde uvedeny pracovni cha-
rakteristiky uvedeného postupu véetné ¢asovych Uspor pfi pouziti
kolony o priiméru 0,18 mm.

(Chen, 1980), a mixture of chloroform and ethanol (Drost et al.,
1971), dichloromethane (Clapperton, 1978a), and a mixture of ethyl
acetate and n-pentane (Clarke et al., 1981). These techniques are
generally time-consuming.

Classical liquid-liquid extraction can be successfully replaced by
a solid phase extraction procedure (SPE). SPE is based on the princi-
ple that the components of interest are retained in a special sorbent by
using strong but reversible interactions between the analytes and the
surface of the stationary phase. Interaction between stationary phase
and matrix should not occur. Typical interactions are hydrophobic van
der Waals forces, polar hydrogen bonding, dipole-dipole forces or ion
exchange interactions. The sorbent is placed in a disposable extrac-
tion minicolumn. The goal of this technique is partly the removal of
matrix-interfering components and partly isolation as well as selective
enrichment by factors of 100 to 5000 of the determined compounds.

The 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 often used. This step is
necessary for reproducible sorption of analytes. 2) Sample applica-
tion. The sample solution is forced through the sorbent of cartridge
using vacuum. The analytes of interest are enriched in a narrow zone
on the stationary phase. Some matrix-interfering 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. In this last step
the selective desorbing of the analytes of interest takes place using
a suitable solvent (Merck, 2000; Merck, 2005).

Solid Phase Microextraction (SPME) is another method suitable
for the determination of fatty acids in beer. This procedure is an
adsorption/desorption technique and has been developed by Prof.
Pawliszyn in the first half of 90’s (Prochazkova, 1999; Horak et al.,
2005; Horak et al., 2009a).

Another development of microextraction methods led to a proce-
dure called stir bar sorptive extraction — SBSE. This method is based
on the sorption of analytes onto a thick film of polydimethylsiloxane
coated on a stir bar (Baltusen et al., 1999). SBSE had been shown to
have a much higher sensitivity than SPME due to the higher volume
of the polydimethylsiloxane phase, in which the amount of analyte
extracted is proportional to the coating thickness, increasing the limit
of detection during sampling (Horak et al., 2008; Horak et al., 2009a;
Horak et al., 2010).

The study of Horak et al. (2009a) showed that SMPE technique is
suitable for the determination of medium-chain fatty acids in beer due
to its simplicity, repeatability, low time consumption, and low cost. On
the other hand, the fiber is fragile and its use requires careful manipu-
lation. A great disadvantage of this procedure is the impossibility of
determining also long-chain fatty acids after the same common ex-
traction step. The SBSE method is much more robust than the SPME
fiber. SBSE procedure is also very simple, but the sample preparation
by this technique takes up to five times more time than SPE method.
Moreover, the stir bar used in SBSE method is produced commercially
only by Gerstel GmbH and it is very difficult to buy it. For these rea-
sons this paper is focused on the determination of medium-chain in
common with long-chain fatty acids in beer by SPE procedure.

Laboratories nowadays must not only provide accurate and repro-
ducible results but high-thoughput analysis is also necessary. One
way for acceleration of the whole analytical procedure lies in using
faster gas chromatography. Narrow bore capillary columns with
0.1 mm internal diameter can be successfully used for this. A dis-
advantage of these columns consists in the necessity of high head
pressure, usually 600 kPa or higher, the need to facilitate the quick
heating of chromatographic oven, and detectors with electronics en-
abling high sampling frequency. Not all conventional gas chromato-
graphs are suitable for these requirements. Capillary columns with
0.18 mm internal diameter represent a reasonable compromise for
time shortening of gas chromatographic analyses and also for simul-
taneous use of the current instrumentation. The working conditions
of these narrow bore columns can be easy translated from operating
conditions of conventional columns by the method translation soft-
ware. (Horak et al., 2009b, Horak et al., 2009c, Snyder et al., 1992;
Quimby et al., 1995)

The aim of this study is the development and validation of the
method for determination of fatty acids in beer. Therefore, extraction
of medium-chain and also long-chain fatty acids from beer by the
SPE method was optimized. Consequently, faster gas chromatog-
raphy method was developed for the determination of these com-
pounds. The working parameters of this procedure including speed
gains obtained by column with 0.18 mm internal diameter are shown.
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2 MATERIAL A METODY

2.1 Pouzité materialy, standardy

SPE kolonky LiChrolut EN 200 mg/3ml (ethylvinyl benzen divinyl
benzen polymer s extrémné velkym specifickym povrchem) byly za-
koupeny od fy Merck.

VoIné mastné kyseliny jako kyselina isobutanova, butanova (ma-
selnd), isopentanova, pentanova (valerova), hexanova (kapronova),
heptanovd, oktanova (kaprylova), nonanova (pelargonova), deka-
nova (kaprinova), undekanové, dodekanova (laurova), tridekanova,
tetradekanova (myristova), pentadekanova, hexadekanova (palmito-
va), heptadekanova, oktadekanova (stearova), oktadekadienova (li-
nolové), oktadekatrienova (linolenova), oktadecenova (olejova) byly
pofizeny od fy Supelco v Cistoté > 99 %.

Methylestery kyselin dekanové, dodekanové, tridekanové, tetra-
dekanové, pentadekanové, hexadekanové, heptadekanové, oktade-
kanové, oktadekadienové, oktadekatrienové, oktadecenové rovnéz
pochazely od fy Supelco, rovnéz v gistoté > 99 %.

Derivatiza¢ni €inidlo BF3 — methanol 14% (v/v) bylo nakoupeno
od fy Fluka.

Dale byly pouzity kyselina chlorovodikové a rozpoustédla hexan,
dichlormethan, chloroform, ethanol a methanol. Tyto chemikalie byly
zakoupeny od fy Merck.

Ultradista voda byla ziskana ze zafizeni Millipore Milli — Q.

Plyny v tlakovych lahvich — helium v kvalité 5.0, vodik v kvalité 5.0,
synteticky vzduch a dusik v kvalité 4,6 dodal Messer Praha.

Vakuovy SPE manifold pro 12 vzorkii a membranova pumpa byly
nakoupeny od fy Supelco.

Chromatograficka kolona DB-WAX o délce 10 m, vnitfinim priméru
0,180 mm a tloustce filmu 0,18 uym byla pofizena od fy Agilent J&W.

Vzorky piva plzefiského typu vyrobené v CR pochézely z obchod-
ni sité.

2.2 Metoda

2.2.1 SPE extrakce

Postup extrakce mastnych kyselin z piva vychazel z prace Hage,
1987, kdy pomoci SPE metody jsou volné mastné kyseliny vyextra-
hovany z piva. Niz§i mastné kyseliny jsou pfimo stanoveny na plyno-
vém chromatografu. Vy$s§i mastné kyseliny se derivatizaci prevedou
na pfislusné methylestery.

SPE kolonky byly nejprve kondicionovany 2,5 ml methanolu
a nasledné promyty 5,0 ml vody. Poté bylo kolonkou za pomoci
vakua vytvoreného membranovou vyvévou prosato 20 ml odpéné-
ného vzorku piva, které bylo okyseleno 1,0 ml 1 M kyseliny chlo-
rovodikové a obohaceno pfidavkem 10 pl ethanolového roztoku
vnitfnich standardd (heptanova kyselina, pentadekanova kyselina
ve vysledné koncentraci 1,3 mg/l piva). K odstranéni interferenci
byla v dalSim kroku kolonka promyta 5,0 ml ultraCisté vody. Potom
byla kolonka vysu$ena pod mir-
nym proudem dusiku. Nakonec
byly mastné kyseliny eluovany
pomoci chloroformu — 2 x 0,5
ml — oba podily byly spojeny

2 MATERIAL AND METHODS

2.1 Materials, standards

SPE cartridges LiChrolut EN 200 mg/3ml (ethylvinyl benzene divi-
nyl benzene polymer with an extremely large specific surface) were
purchased from Merck.

Free fatty acids such as isobutanoic acid, butanoic (butyric), iso-
pentanoic, pentanoic (valeric), hexanoic (caproic), heptanoic, octa-
noic (caprylic), nonanoic (pelargonic), decanoic (capric), undecanoic
and dodecanoic (lauric), tridecanoic, tetradecanoic (myristic), pen-
tadecanoic, hexadecanoic (palmitic), heptadecanoic, octadecanoic
(stearic), octadecadienoic (linoleic), eicosatrienoic (linolenic), oc-
tadecenoic (oleic) acids were obtained from Supelco and were of
> 99% purity.

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 and were also
of > 99% purity.

Derivatization agent BF3 — methanol 14% (v/v) was supplied by
Fluka.

Analytical reagent grade hydrochloric acid and solvents such as
hexane, dichloromethane, chloroform, ethanol and methanol were
from Merck.

Purified water was produced from Millipore Milli — Q.

Helium quality 5.0, hydrogen quality 5.0, synthetic air, and nitrogen
quality 4.6 were obtained from Messer Prague.

Vacuum SPE manifold for 12 samples and membrane pump were
purchased from Supelco.

Gas chromatographic column DB-WAX 10 m length, 0.180 mm
internal diameter and 0.180 mm film thickness was produced by Agi-
lent J&W.

Beer samples were fresh commercial lagers of pilsner type pro-
duced and bottled in the Czech Republic.

2.2 Method

2.2.1 SPE extraction

The procedure of fatty acids extraction from beer was based on
the study of Hage, 1987. In this method free fatty acids are extracted
from beer by SPE technique. Medium-chain fatty acids are deter-
mined immediately using gas chromatography. Long-chain fatty
acids are at first derivatized to their methylesters and then analysed
by gas chromatography.

SPE columns were initially activated with 2.5 ml of methanol and
washed by 5.0 ml of purified water. Then 20 ml of degassed beer
sample with 1.0 ml of 1 M hydrochloric acid and spiked with inter-
nal standards (heptanoic and pentanedecanoic acids, each acid at
a concentration of 1.3 mg/l of beer) was added. Interferences were

Tab. 1 Pracovni charakteristiky metody SPE pfi stanoveni mastnych kyselin v pivu. r — korelaéni
koeficient pfi pouziti linearni regrese / Working characteristics of the SPE method for the determination
of fatty acids in beer, r — regression coefficient of the standard curve.

a celkovy extrakt byl nasledné
analyzovan.
Pro stanoveni nizSich mast-

nych kyselin (C4 — C10) byly 2
pl tohoto chloroformového ex-

traktu nastfiknuty na kolonu ply-

nového chromatografu.

Ke stanoveni vys$Sich mast-
nych kyselin (C12 — C18) bylo

nutné chloroformovy extrakt od-

pafit pod jemnym proudem du-

siku a provést methylaci vy$Sich
mastnych kyselin pfidavkem

0,1 ml derivatiza¢niho ¢inidla

BF3 — methanol 14% (v/v). De-

rivatizace probihala po dobu 20
min pfi teploté 95 °C. Reakce je

zastavena pfidanim 0,2 ml vody

a dukladnym protfepanim. Poté
se v ultrazvukové lazni methy-

lestery vy88ich mastnych kyse-

lin vyextrahuji do 0,2 ml hexanu.

Extrakce se provadi po dobu 2
min.

Sloucéenina / Compound Vytéznost / Opakovatelnost /
r Recovery Repeatability
(%) RSD (%)
Isomaselna kyselina / Isobutyric acid (i-C4)| 0.9995 96 71
Maselna kyselina / Butyric acid (C4) 0.9998 98 7.8
Isovalerova kyselina / Isovaleric acid (i-C5) 0.9997 97 7.6
Valerova kyselina / Valeric acid (C5) 0.9998 98 5.3
Kapronova kyselina / Caproic acid (C6) 0.9996 107 7.6
Kaprylova kyselina / Caprylic acid (C8) 0.9999 107 7.5
Nonanova kyselina / Nonanoic acid (C9) 0.9999 97 8.3
Kaprinova kyselina / Capric acid (C10) 0.9999 98 7.0
Laurova kyselina / Lauric acid (C12) 0.9998 103 5.8
Myristova kyselina / Myristic acid (C14) 0.9993 95 16
Palmitova kyselina / Palmitic acid (C16) 0.9978 115 12
Stearova kyselina / Stearic acid (C18) 0.9971 108 14
Olejova kyselina / Oleic acid (C18) 0.9986 105 11
Linolova kyselina / Linoleic acid (C18) 0.9989 98 11
Linoleova kyselina / Linolenic acid (C18) 0.9988 110 13
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2.2.2 GC analyza

Stanoveni jak nizSich, tak vy$Sich mastnych kyselin bylo provede-
no za stejnych podminek na plynovém chromatografu Chrompack
CP 9001 vybaveného split/spiltless injektorem a plamenoionizaénim
detektorem (FID). Plynovy chromatograf byl vybaven automatickym
davkovaéem vzork( Labio ASG 40 od fy Labio.

Chromatograficka kolona byla vytemperovana na pocatecni teplotu
120 °C a po nastfiku vzorku byla tato teplota udrzovana po dobu 0,7
min. Nésledoval teplotni gradient 30 °C/min aZ do teploty 200 °C a pfi
této teploté byla kolona ponechana po dobu 6 min. Nastfik byl prova-
dén v rezimu split, délici pomér byl 1:10. Teplota injektoru i detektoru
byla shodna, 220 °C. Jako nosny plyn bylo pouzito helium v kvalité
5.0 a tlak na hlavu kolony byl nastaven na 200 kPa pfi teploté 120 °C.

3 VYSLEDKY A DISKUSE

V rédmci validace metody byla ovéfovéana linearita, vytéZznost
a opakovatelnost metody SPE. Za timto ucelem byly pfipraveny
standardni roztoky sledovanych analytd v 5% (v/v) roztoku ethanolu.
Vysledky jsou uvedeny v tab. 1.

Kalibraéni kfivky byly proméfeny v rozsahu od 0,0015 az 8 mgl/l,
ktery pokryva obvyklé koncentrace volnych mastnych kyselin v pivu
plzeriského typu. Jak vyplyva z fab. 1, korelacni koeficienty pro
v8echny stanovované latky pfi pouziti linearni regrese lezely v roz-
mezi 0,9971 az 0,9999. V daném koncentraénim rozsahu se metoda
vyznaduje vysokou linearitou.

Spravnost metody byla ovéfena pomoci vytéznosti. Nejprve byl
zméfen pfirozeny obsah volnych mastnych kyselin v péti realnych
vzorcich piv. Poté byly tytéZz vzorky piv obohaceny pfidavkem mast-
nych kyselin na koncentra¢ni hladiné 2 mg/l kazdé latky. Vytéznost
niz§ich mastnych kyselin se pohybovala v rozmezi 96-107 %, s pru-
mérnou hodnotou 100 %. VytéZnost vysSich mastnych kyselin byla
95-115 %, s pramérnou hodnotou 105 %. Vyborné hodnoty vytéz-
nosti pro vSechny stanovované analyty potvrzuji vysokou uginnost
a tedy vhodnost pouziti daného typu SPE kolonky.

Opakovatelnost metod byla zjisténa pétinasobnym opakovanim
celého postupu béhem jednoho dne na jednom a témz vzorku piva.
Z vysledk( uvedenych v tab. 1 je patrné, Ze pro niz§i mastné kyseliny
se hodnota relativni smérodatné odchylky (RSD) nachazi v intervalu

Tab. 2 Relativni smérodatna odchylka reten¢nich ¢asli (RSD tr) a relativni smérodatna odchylka
relativnich ploch (RSD A) mastnych kyselin na koloné DB WAX 10 m, 0,18 mm I.D., 0,18 p / Relative
standard deviation of retention times (RSD tr) and relative standard deviation of relative peak areas
(RSD A) of fatty acids obtained on column DB WAX 10 m, 0.18 mm I.D., 0.18 .

removed in the next step by washing with 5.0 ml purified water. An-
other step included drying under mild nitrogen flush. Finally chloro-
form (2 x 0.5 ml) was used for fatty acid elution.

For the determination of medium-chain fatty acids (C4 — C10) 2 pl
of this chloroform extract was injected into the GC column.

For the determination of long-chain fatty acids (C12 — C18) the
chloroform extract was evaporated under mild nitrogen flush and
methylated with 0.1 ml of BF3-methanol 14% (v/v) for 20 min at
95 °C. Derivatization was stopped by the addition of 0.2 ml of water,
and hand shaking. After that all fatty acid methyl esters were ex-
tracted with 0.2 ml hexane in an ultrasonic bath for 2 min.

2.2.2 GC analysis

Analyses of both medium- and long-chain fatty acids were car-
ried out using a Chrompack CP 9001 gas chromatograph with
a split/splitless injector and a flame ionization detector (FID)
under the same chromatographic conditions. The gas chromato-
graph was equipped with Labio ASG 40 autosampler.

The chromatographic column was maintained at 120 °C and after
sample injection this temperature was kept for 0.7 min. Then the
column oven was ramped at a rate of 30 °C/min to 200 °C, and held
isothermally for 6 min. The split mode with split ratio 1:10 was used.
Temperatures of the injector and detector were 220 °C. The carrier
gas was helium of 5.0 quality with a column head pressure of 200
kPa at 120 °C.

3 RESULTS AND DISCUSION

Establishment of working parameters of the method for the de-
termination of fatty acids in beer is necessary for its routine use.
The parameters to be determined included linearity, recovery, and
repeatability. Standard solutions of compounds of interest were pre-
pared in a 5% (v/v) ethanol solution for these tests. The results are
shown in Tab. 1.

Calibration curves were measured throughout a range of the
free fatty acids covering the concentration usually found in beers
of pilsner type (concentration from 0.0015 to 8 mg/l). As shown in
Tab. 1, the correlation coefficients to the straight line for all deter-
mined fatty acids were in the range from 0.9971 to 0.9999. The
method is characterized by
high linearity in the examined
concentration range.

The accuracy of the methods
was investigated by conducting
arecovery test. The test was per-

formed by measuring the natural

Slouéenina / Compound RSD t (%) RSD A (%) concentrations of the fatty acids
Isomaselna kyselina / Isobutyric acid 0.11 45 in five tt))eer samples. 'Il;hgn thﬁ
P P - - - same beers were spiked wit
Maselna kyselina / Butyric acid 0.09 2.0 a known amount of each acid
Isovalerova kyselina / Isovaleric acid 0.10 3.2 (2.0 mg/l), and concentrations
Valerova kyselina / Valeric acid 0.09 1.9 of f_attyTicids were detefrming_d
. - - - again. The recoveries of medi-
Kapronova kyselina / Caproic acid 0.08 0.7 um-chain fatty acids were in the
Heptanova kyselina (vnitini standard) / 0.06 0.7 range of 96-107 % with an av-
Heptanoic acid (internal standard) erage of 100 %. The recoveries
Kaprylova kyselina / Caprylic acid 0.08 1.0 of long-chain fatty acids were
. - - - in the range of 95-107 % with
Pelargonova kyselina / Pelargonic acid 0.04 1.2 an average of 105 %. The very
Kaprinova kyselina / Capric acid 0.02 27 good values of recoveries for all
Laurova kyselina / Lauric acid 0.09 6.4 determined analytes confirm the
- " - - suitability of using this type of
Tridekanova kyselina (vnitfni standard) / 0.05 2.2 SPE column.
Tridecanoic acid (internal standard) The intra-day repeatability of
Myristova kyselina / Myristic acid 0.10 1.2 the method was examined by
Pentadekanova kyselina (vnitini standard) / 0.10 0.8 ;gpe?tlng thgtr:/vm)le procegure
Pentadecanoic acid (internal standard) Ive imes with theé same beer
—— - — - sample. The results demon-
Palmitova kyselina / Palmitic acid 0.04 1.2 strated that relative standard
Heptadekanova kyselina (vnitini standard) / 0.03 2.8 deviations (RSD) extended
Heptadecanoic acid (internal standard) fromf5.8 to 8..’f3 % wmgj an avra]a ra-
. - - . ge of 7.1 % for medium-chain
Stearova kyselina / Stearic acid 0.04 3.5 fatty acids. For long-chain
Olejova kyselina / Oleic acid 0.03 1.6 fatty acids RSD ranged from
Linolové kyselina / Linoleic acid 0.05 2.3 11 to 16 % with an average of
Linol s kvselina / Linoleni id 0.03 46 12.8 %. The results show that
Inolenova kysefina / “nolenic ac . . long-chain fatty acids are char-
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5,8 az 8,3 %, s primérnou hodnotou 7,1 %. Pro vy$§i mastné kyseli-
ny nabyva RSD hodnot 11 az 16 %, v prdméru 12,8 %. Z vysledkl je
ziejmé, ze vy$Si mastné kyseliny maji hor§i hodnoty opakovatelnosti
nez nizsi mastné kyseliny, coz zfejmé souvisi s dalSimi kroky v ramci
pfipravy vzorku — derivatizace za Ucelem ziskani pfislusnych methyl
ester(l a jejich nasledné extrakci do hexanu. Oba tyto kroky podle
ocekavani pfispivaji ke zhorSeni hodnot opakovatelnosti. Na druhé
strané i tyto hodnoty jsou pIné akceptovatelné.

Pri ovéfovani vhodnosti pouziti tenké kolony o vnitfnim prdméru
0,18 mm byla pozornost zaméfena na opakovatelnost retenénich
¢asU. Pro kvantitativni analyzu je také podstatné, aby zlstaval kon-
stantni pomér jednotlivych latek pfi opakované analyze téhoz vzor-
ku. Za timto UCelem bylo provedeno sedmkrat opakované méfeni
stejného vzorku. V tab. 2 jsou uvedeny relativni smérodatné odchyl-
ky reten¢nich ¢asu a relativni smérodatné odchylky relativni plochy
(vzhledem k celkové plose integrovanych pikd) chromatografickych
pikd. Z vysledkl vyplyva, Ze reprodukovatelnost, vyjadiena jako re-
lativni smérodatna odchylka, retenénich ¢asu je leps$i nez 0,11 %.
Relativni smérodatna odchylka pro plochu stanovovanych latek vy-
kazuje hodnoty lepSi nez 6,4 %.

4 ZAVER

Predlozena prace ukazala, ze pouziti SPE metody s vyuzitim kolo-
nek LiChrolut EN 200 mg/3 ml je vhodné Kk rutinni analyze mastnych
kyselin v pivu (opakovatelnost pro vSechny stanovované latky je lep-
8i nez 16 %). Pouziti kapilarni kolony o vnitinim priiméru 0,18 mm
umoznuje zkratit dobu vlastniho stanoveni pod 4 min, a tak zvysit jak
kapacitu laboratore, tak vyuziti stavajicich plynovych chromatograf(.
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acterized by worse repeatability than medium-chain fatty acids.
This could be explained by other necessary steps in sample prepa-
ration — derivatization for conversion of free long-chain fatty acids
to their methylesters, followed by hexane extraction. Not surpris-
ingly, both these steps contribute to worse repeatability. On the
other hand, all these values are fully acceptable.

The suitability of the narrow column with 0.18 mm internal dia-
meter was tested by the repeatability of retention times. During
chromatographic analyses it is very important that retention times
should stay constant, for qualitative data as well as the relative
sample composition are needed to obtain quantitative data. To test
this, seven times repeated analyses of the same beer sample were
performed for each fatty acid. Tab. 2 gives the relative standard de-
viations of retention times and relative standard deviations of rela-
tive chromatographic peaks areas. As one can see from this table
the reproducibility of retention times is better than 0.11 %. The rela-
tive standard deviation of peak areas of compounds of interest is
better than 6.4 %.

4 CONCULSIONS

This study has shown that the use of the SPE method with LiChro-
lut EN 200 mg/3 ml columns is suitable for routine determination of
fatty acids in beer (repeatability for all determined compounds is bet-
ter than 16 %). Application of capillary columns with internal diameter
0.18 mm reduces the analytical run under 4 min and so both high
laboratory throughput and utilization of existing conventional gas
chromatographs are reached.
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