KVASNY PRUM.
59/2013 (4)

86

Stanoveni izomert nizS§ich mastnych kyselin, senzoricky aktivnich produktii
starnuti chmele, v pivu

Stanoveni izomert nizsich mastnych Kyselin, senzoricky aktivnich produktu starnuti chmele, v pivu

Jiti CULIK, Tom4s HORAK, Martin SLABY, Pavel CEJKA, Jana OLSOVSKA
Vyzkumny ustav pivovarsky a sladaisky, a. s., Lipova 15, 120 44 Praha 2 / Research Institute of Brewing and Malting, Plc, 15,
Lipova, 120 44 Prague, Czech Republic, e-mail: culik@beerresearch.cz

Recenzovany ¢lanek / Reviewed paper

Culik, J. — Horak, T. — Slaby, M. — Cejka, P. — OlSovska, J.: Stanoveni izomerG nizSich mastnych kyselin, senzoricky aktivnich
produktl starnuti chmele, v pivu. Kvasny Prum. 59, 2013, &. 4., s. 86-90.

K vyznamnym produktlim starnuti chmele se radi C4 a C5 izomery nizSich mastnych kyselin, kyselina 2-methylpropanova (isomasel-
na), 2-methylbutanova a 3-methylbutanova (kyselina isovalerovd). VySe zminéné kyseliny jsou samy o sobé nejen senzoricky aktivni,
ale v procesu vyroby piva mohou poskytovat po esterifikaci i dalSi senzoricky vyznamné produkty pfispivajici k pachuti piva po starnuti.
V ramci této studie byla vypracovana dostate¢né citlivd a selektivni metoda stanoveni obsahu téchto latek v pivu, zalozena na izolaci
niz8ich mastnych kyselin a jejich izomer(i pomoci extrakce na pevné fazi (SPE) a kvantitativnim vyhodnoceni pomoci kapilarni plynové
chromatografie a hmotnostni spektrometrie (GC-MS). Detekce pomoci hmotnostniho spektrometru odstranila problémy spojené s ob-
tiznym chromatografickym délenim vySe zminénych isomeru a jejich kvantifikaci. Podafilo se tak zpfesnit vysledky kvantitativni analyzy
vzork( v porovnani s detekci pomoci klasického plamenoionizaéniho detektoru (FID). Optimalizovana metoda byla nasledné vyuzita pfi
sledovani zmén obsahu nizsich mastnych kyselin a jejich izomerd v pivu vyrobeném ze starého a ¢erstvého chmele a pfi pouziti infuz-
niho a dekokéniho varniho postupu.

Culik, J. - Horak, T. — Slaby, M. - Cejka, P. — OlSovska, J.: Determination of short chain fatty acids isomers, the sensory active
products of hops aging, in beer. Kvasny Prum. 59, 2013, No. 4, p. 86—90.

Important products of hop aging are the C4 and C5 isomers of short chain fatty acids; namely 2-methyl propionic acid (isobutyric acid),
2-methyl butyric acid and 3-methyl butyric acid (isovaleric acid). These acids are sensory active and moreover, after the esterification
during beer production they can provide further sensory active compounds contributing to a stale aftertaste. In the framework of this study
a sufficiently sensitive and selective method for the determination of these substances in beer was developed. This method is based on
the isolation of the short chain fatty acids and their isomers by means of solid phase extraction (SPE) and followed by quantification using
gas chromatography—mass spectrometry (GC-MS). The use of mass spectrometry for the detection eliminated the problem of the difficult
chromatographic separation and quantification of these compounds. When compared with the usual detection using a flame ionisation
detector (FID) the results of the quantitative determination by means of MS are more accurate. The newly developed and optimized
method was used for monitoring changes in the contents of the short chain fatty acids and their isomers in beer produced with both fresh
and older hops and by using infusion or decoction brewing methods.

Culik, J. — Horak, T. — Slaby, M. — Cejka, P. — Ol$ovska, J.: Die Bestimmung von Isomeren der niedrigeren Fettsauren, der aktiven
Produkten der Alterung des Hopfens im Bier. Kvasny Prum. 59, 2013, Nr. 4., S. 86-90.

Zu den bedeutenden Produkten der Alterung des Hopfens gehéren C4 und C5 Isomere der niedrigeren Fettséuren, 2-Methylpropan-
saure (Isobuttersaure), 2-Methylbutanséure, und 3-Methylbutansaure (Isovalersaure). Die oben genannte Sauren sind fir sich nicht nur
sensorisch aktiv, aber auch im Prozess der Bierherstellung nach der Esterifikation kdnnen zur Bildung der weiteren sensorisch bedeu-
tenden Produkte wirken, die zum Nachgeschmack des Bieres wahrend der Alterung beitragen. Im diesen Artikel wird eine ausreichend
empfindliche und selektive Methode zur Gehaltsbestimmung von diesen Stoffen im Bier, die auf Basis Isolation der niedrigeren Fett-
sduren und ihren Isomeren durch die Extraktion auf der festen Phase (SPE) und eine quantitative Auswertung mittels Kapillarchromato-
graphie und Massspektrometrie (GC-MS) beschrieben. Die mit der schwierigen chromatographischen Teilung obig erwéhnten Isomere
und ihre Quantifikation verbundene Probleme wurden durch die Detektion mittels des Masspektrometers gelést. Es hat gelungen, die
Ergebnisse der quantitativen Musteranalyse im Vergleich mit der Detektion mittels des klassischen Flammenionisationsdetektors (FID)
zu verfeinern. Die optimierte Methode wurde anschlieBend wéahrend der Verfolgung von Gehaltsénderungen an niedrigen Fettsduren
und ihre Isomere im durch Infusion- und Dekoktionsverfahren gesiedeten Bier unter Anwendung Althopfen und Frischhopfen ausgenitzt.

Kli¢ova slova: produkty starnuti chmele, kyselina
2-methylpropanova, 2-methylbutanova, 3-methylbutanova, plynova
chromatografie, hmotnostni spektrometrie

1 UvVoD

Starnuti chmele je provazeno mnoha zménami, zejména zména-
mi oxida¢nimi. Vysledkem je odstépeni postrannich fetézch horkych
kyselin, tak jak je to zndzornéno na obr. 1. Mechanismus vzniku na-
vrhli Howard a Tatchell v roce 1956 na zakladé ziskanych vysledku
plsobeni peroxidu vodiku na a- a - hotké kyseliny. Sandra a Verzele
(1975) prezentovali vysledky, Ze chmelena piva obsahovala v porov-
nanis pivy nechmelenymi vy$§i mnozstvi vy$e zminénych isomerd C4
a C5 mastnych kyselin. Autofi pfedpokladali, Ze tyto latky vznikly jako
vedlejsi produkty oxidace béhem skladovani chmele a pfi chmelovaru.
Hashimoto a Eshima (1977) uvadeéji, ze kromé vySe zminénych sku-
te€nosti se mohou takto vzniklé nizSi mastné kyseliny dale podilet na
vzniku jejich senzoricky aktivnich aldehydd, spoluodpovédnych za sta-
rou chut piva. Tyto latky se mohou dostat az do hotového piva, pfi¢emz
k jejich zvySenému obsahu (zvlasté u isovalerové kyseliny) mize za
nepfiznivych okolnosti rovnéz pfispivat ¢innost kvasinek pfi kvaseni.

Keywords: products of hops aging, 2-methylpropan acid,
2-methylbutan acid, 3-methylbutan acid, gas chromatography, mass
spectrometry

1 INTRODUCTION

The aging of hops involves many changes, particularly oxidation
processes. These result in the cleavage of side chains of bitter acids
as shown in Fig.1. The reaction mechanism was described by How-
ard and Tatchell in 1956. It is based on results from the test reac-
tion between hydrogen peroxide and a- and B-bitter acids. Sandra
and Verzele (1975) presented results showing a higher amount of
the C4 and C5 isomers when compared with unhopped beers. The
authors presumed that these substances were formed as secondary
oxidation products during storage and wort boiling. Hashimoto and
Eshima (1977) pointed out that the resulting short chain fatty acids
can also promote the formation of their sensory active aldehydes
which are responsible for stale aftertastes. These substances can
possibly penetrate into the beer. Under unfavourable circumstances
the yeast activity can also contribute to an increased content of these
compounds, particularly of isovaleric acid.
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Obr. 1 Pfedpokladany mechanismus oxida¢niho $tépeni a- a 3-hof-
kych kyselin / Fig. 1 The assumed reaction mechanism for the oxida-
tive cleavage of a- and B3-bitter acids

Izomery kyselin propanové a butanové se vyznacuji vyznacnym
LSyrovym“ aroma (Krlger, Anger, 1996; Peacock, 1998). U isoma-
selné kyseliny uvadéji prahovou hodnotu vnimani v pivu 30 mg/kg
a u isovalerové kyseliny 1,5 mg/kg. Naproti tomu jini autofi (Hanke
et al. 2010) uvadéji prahovou hodnotu vnimani u isovalerové ky-
seliny pouhych 0,325 mg/l. Sou¢asné vsak zjistili, Ze byl negativni
senzoricky viem u isovalerové kyseliny potlaten zvySenym obsahem
ethyl- a isoamylacetatu.

Cilem prace bylo vypracovat vhodnou izolaéni metodu a navrhnout
selektivni analyticky postup pro kvalitativni i kvantitativni stanoveni
diskutovanych latek. S ohledem na jejich stopova mnozstvi v pivu
bylo navrzeno vyuzit k detekci a stanoveni téchto latek pfistrojové
spojeni kapilarniho plynového chromatografu a hmotnostniho detek-
toru (GC-MS). Jelikoz se jednotlivé izomery Spatné chromatograficky
déli, byla pro kvantitativni a kvalitativni analyzu pouzita technika SIM
(selected ion monitoring), pfi které je z fragmentacniho spektra latky
vybran pro vyhodnoceni charakteristicky iont.

Vysledky nové navrzené metody byly srovnany s vysledky celko-
vé analyzy mastnych kyselin pomoci spojeni kapilarniho plynového
chromatografu s plamenoionizaénim detektorem (GC-FID) (Horak
et al.,, 2005 a 2009), ktera vSak neumoznuje dokonalé kvalitativni
i kvantitativni vyhodnoceni obsahu isomer( 2- a 3-methylbutanové
kyseliny.

V zavéru byla navrzend metoda vyuzita pfi studiu vlivu stafi po-
uzitého chmele na obsah isomerd niz§ich mastnych kyselin v pivu
a dale pfi porovnani vlivu infuzniho a dekokéniho varniho postupu na
obsah niz$ich mastnych kyselin a jejich isomerd v pivu.

2 EXPERIMENTALNI CAST

Kyseliny 2-methylpropanova (isomaselna), butanova (maselna),
2-methylbutanova, 3-methylbutanova (isovalerova), pentanova (va-
lerova), hexanova (kapronova), heptanova (interni standard), okta-
nova (kaprylova), nonanova (pelargonova) a dekanova (kaprinova),
byly ze vzorku extrahovany metodou extrakce na pevné fazi (SPE)
a nasledné stanoveny pomoci GC-MS.

Pfiprava vzorku pro SPE byla provedena nésledujicim zptsobem.
K 20 ml odplynéného vzorku piva bylo pfidano 10 pl pracovniho roz-
toku vnitfniho standardu heptanové kyseliny o koncentraci 2 g/l a 1
ml 1 M HCI.

Obr. 2 Chromatogram niz8ich mastnych kyselin a jejich C4 a C5 iso-
mert (GC-MS) / Fig. 2 GC-MS chromatogram of the short chain fatty
acids and their C4 and C5 isomers

The isomers of propionic and butyric acid have a distinct cheesy
flavour. The thresholds values for isobutyric acid of 30 mg/kg and for
isovaleric acid of 1.5 mg/kg in beer have been determined (Kriiger
and Anger, 1996; Peacock, 1998). However, other authors (Hanke
et al., 2010) determined a threshold value for isovaleric acid of only
0.325 mg/l. At the same time they found that the sensory perception
of isovaleric acid was surpressed by increased contents of ethyl- and
isoamyl acetate.

The aim of this study was to develop an isolation procedure and
a selective analytical method for qualitative and quantitative deter-
minations of the C4 and C5 isomers of the short chain fatty acids.
Due to the trace amounts in beer the use of GC with MS for detec-
tion was suggested. The problem with the difficult chromatographic
separation was resolved by using the SIM (selected ion monitoring)
technique. With this method only a specific ion is selected from the
fragmentation spectrum of the compound for both, the qualitative
and the quantitative determination.

The results obtained with the suggested method were compared
with the analysed results for total fatty acids obtained by using a GC
equipped with a FID detector (Horak et al., 2005 and 2009). However,
this method does not make any accurate qualitative or quantitative
determination of the isomers 2- and 3-methyl butyric acid possible.

The developed method was used for monitoring the influences on
the contents of the short chain fatty acids isomers in beer due to the
age of the hops as well as for the comparison of influences from infu-
sion and decoction brewing methods.

EXPERIMENTAL PART

2-Methyl propionic acid (isobutyric acid), butyric acid, 2-methyl
butyric acid (isovaleric acid), 3-methyl butyric acid, pentanoic acid
(valeric acid), hexanoic acid (caproic acid), heptanoic acid (internal
standard), octanoic acid (caprylic acid), nonanoic acid (pelargonic
acid) and decanoic acid (capric acid) were extracted by means of
SPE and determined by GC-MS.

The sample preparation for SPE was carried out as followed: 10 pl
of the internal standard solution (2 g/l of heptanoic acid) and 1 ml of
1 M HCI were added to 20 ml of degassed sample.

Solid phase extraction was carried out with SPE columns LiChrolut
EN 200 mg from Merck (Darmstadt, D). The columns were condi-
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Extrakce na pevné fazi byla provadéna na SPE kolonkéach LiChro-
lut EN 200 mg (Merck). Kolonka byla kondicionovana postupnym
pfidavkem 2,5 ml methanolu a nasledné 5,0 ml vody. Poté byl na
kolonku, aniz by kolonka vyschla, nanesen vzorek a zvolna pomoci
vakua extrahovan. Eluce sorbovanych nizsich mastnych kyselin byla
nasledné provedena dvojnasobnym pfidavkem 0,5 ml chloroformu.
Extrakt byl pfenesen do 2 ml vialek opatfenych inzertem a analyzo-
van pomoci GC-MS.

Stanoveni niz8ich mastnych kyselin a jejich C4 a C5 izomer(
bylo provedeno pomoci pfistrojového spojeni kapilarniho plynového
chromatografu Trace a kvadrupdlového hmotnostniho spektrometru
DSQ Il (Thermo Fisher).

Analyza probihala na kfemenné kapilarni koloné Tr WaxMS o dél-
ce 30 m, vnitfnim priméru 0,25 mm a tloustce faze 0,25 ym za na-
sledujicich podminek: teplotni program: 60 °C (2 min) — 5 °C/min
— 200 °C — 40 °C/min — 220 °C (2 min), teplota injektoru 220 °C,
nastfik 50 s splitless, objem nastfiku 1 pl. Pritok nosného plynu He
¢inil 1,2 ml/min.

Teplota propojeni s hmotnostnim spektrometrem ¢inila 250 °C.

U C4 a C5 izomerl( mastnych kyselin a interniho standardu (ky-
seliny heptanové) byl obsah analytd stanoven pomoci médu SIM
(vybranych iont(l), u zbyvajicich mastnych kyselin pomoci celkového
iontového toku (TIC).

Metoda byla vyuzita pfi analyze piv ziskanych ze série pokusnych
Ctvrtprovoznich varek, kde byly sledovany zmény obsahu isomeru
niz8ich mastnych kyselin pfi aplikaci erstvého a starSiho chmele
a pfi porovnani vlivu infuzniho a dekokéniho varniho postupu. Kva-
Seni probihalo za standardnich podminek s pouzitim stejného kme-
ne kvasinek tak, aby bylo vylou¢eno ovlivnéni vysledk( podminkami
fermentace. Pouzity byly vzorky starsich chmell: Premiant (sklizen
2009), Bor a Sladek (sklizef 2009), Zatecky polorany cervenak (skli-
zen 2009) a Cerstvy Zatecky polorany ¢ervenak (sklizen 2011).

3 VYSLEDKY A DISKUSE

Jak vyplyva z obr. 2, pfi pouziti bézné 30 metrové kapilarni ko-
lony o tloustce filmu 0,25 pym, kdy se reten¢ni ¢asy obou latek od
sebe liSi 0 pouhé setiny minuty (na obr. 2 oznaceno b) a c)), nelze
dosahnout dokonalé separace pikd 2- a 3-methylbutanové kyseliny.
Zleps$eni rozliseni by bylo mozno dosahnout pouzitim delsi, napf.
60 m kolony, ale vedlo by to k neimérnému prodlouzeni doby ana-

tioned by a gradual addition of 2.5 ml of methanol followed by 5.0 ml
of deionised water. Next, the prepared sample was applied on the
(still wet) column and slowly extracted under the vacuum. The elution
of the short chain fatty acids adsorbed was carried out with 0.5 ml
of chloroform repeated twice. The eluate was transferred to the 2 ml
GC-sample vials with an insert and analyzed by GC-MS.

For the determination of the short chain fatty acids and their C4
and C5 isomers a TRACE GC equipped with a quadruple MS DSQ
Il (both Thermo Fisher Scientific Inc. Waltham, MA, US) was used.
The GC separation was accomplished using a fused silica capillary
column Tr WaxMS, 30 m x 0.25 mm i.d. and 0.25 mm film thickness
(Thermo Electron Corp., Marietta, OH, US). The operation conditions
were: He carrier gas at 1.2 ml/min, splitless injection mode, purge
time 50 s, injection volume 1 pl and injector temperature 220 °C. The
temperature program was: 60 °C (2 min) then 5 °C/min. to 200 °C
then 40 °C/min to 220 °C (2 min). The temperature of the GC-MS
coupling was 250 °C.

The C4 and C5 isomers of the short chain fatty acids and the in-
ternal standard (heptanoic acid) were determined by means of SIM
technique. Other fatty acids were determined by means of total ion
current (TIC).

The method was used for the monitoring of changes in the con-
tents of the short chain fatty acids and their isomers in beer produced
with both fresh and older hops and by using infusion or decoction
brewing methods. The beer samples were obtained from a series
of quarter scale pilot plant trials. The fermentation was carried out
under standard conditions. To eliminate the influence on the results
from the fermentation conditions the same yeast strain was used
throughout the trial. For older hops the varieties Premiant (harvest
2009), Bor and Sladek (harvest 2009) and Saaz (harvest 2009) were
used. For fresh hops the Saaz variety (harvest 2011) was used.

3 RESULTS AND DISCUSSION

By using a common 30 m long capillary column with a film thick-
ness of 0.25 pm the retention times for 2- and 3-methyl butyric acids
(marked as b) and c)) differ by only hundredths of a minute (Fig. 2).
Therefore, the separation was insufficient. The use of a longer, for
instance 60 m long column would improve the separation but the
analysis time would be extended disproportionately. The resolution
of this problem comes through the use of a MS detector in SIM mode

Tab.1 Porovnani hodnot obsahu niz§ich mastnych kyselin v pivu ziskanych pomoci GC-FID a GC-MS /
Contents of the short chain fatty acids in beer determined by GC-FID and GC-MS

Cislo Kyselina / 2-Me- maselna 2-Me- 3-Me- valerova | kapronova | kaprylova | pelargo- | kaprinova
vz./ Acid propanova (C4)/ butanova | butanova (C5)/ (ce)/ (cs8)/ nova (C9)/| (C10)/
Sample | 2-Methyl | butyric (4) | | 2-Methyl | | 3-Methyl | valeric caproic caprylic | pelargonic| capric
No propionic butyric butyric (C5) (Cé6) (c8) (c9) (c10)
Detektor / mg/kg
Detector
22866 FID 0.56 0.48 NS 1.00 0.02 1.68 2.57 0.03 0.71
MS 0.73 0.70 0.37 0.75 0.03 1.41 2.07 0.02 0.08
22867 FID 0.52 0.38 NS 1.00 0.03 1.52 2.69 0.01 1.35
MS 0.49 0.54 0.39 0.71 0.02 1.24 2.14 0.02 0.08
22868 FID 0.80 0.69 NS 1.44 0.06 1.14 2.42 0.13 2.26
MS 0.33 0.39 0.25 0.41 0.02 1.06 1.84 0.02 0.08
22869 FID 0.32 0.28 NS 0.58 0.02 1.26 217 0.05 0.90
MS 0.51 0.55 0.44 0.71 0.03 1.25 2.09 0.01 0.07
23147 FID 0.43 0.43 NS 0.69 0.11 1.13 1.71 0.04 0.68
MS 0.45 0.40 0.28 0.47 0.02 0.96 1.54 0.01 0.07
23148 FID 0.55 0.39 NS 0.94 0.09 1.17 2.05 0.05 1.54
MS 0.54 0.47 0.39 0.66 0.03 1.04 1.78 0.01 0.06
23149 FID 0.34 0.34 NS 0.61 0.10 1.25 2.1 0.03 0.88
MS 0.39 0.42 0.27 0.48 0.02 1.05 1.84 0.02 0.07
23150 FID 0.43 0.48 NS 0.70 0.09 1.30 2.05 0.00 1.76
MS 0.52 0.53 0.37 0.60 0.03 1.09 1.68 0.01 0.04




Stanoveni izomert nizsich mastnych kyselin, senzoricky aktivnich produktt starnuti chmele, v pivu

KVASNY PRUM.
59/2013 (4)

89

lyzy. V pfipadé MS detekce v SIM médu Ize
tento problém eliminovat spravnym vybérem
iontdl pouzitych pro vyhodnoceni. Timto zp(-
sobem Ize kvantifikovat pozadované analyty
i v pfipadé horsiho chromatografického roz-
liSeni (viz obr. 2). Detekce pomoci FID nam
tuto moznost nenabizi.

Na zakladé porovnani vysledkld ziska-
nych pomoci detektord FID a MS (tab. 1)
Ize konstatovat, Ze bylo mezi srovnavanymi
metodami u vSech nizSich mastnych kyse-
lin, s vyjimkou stanoveného obsahu C4 a C5
kyselin a jejich izomer( a dale kyseliny kap-
rinové, dosazeno velmi dobré shody. Zfej-
mé faleSné pozitivni zvySeny obsah kyseliny
kaprinové, stanoveny pomoci detektoru FID,
byl s nejvys$si pravdépodobnosti zplsoben
koeluci slou€eniny s totoznym retenénim
¢asem. V téchto pripadech se projevuje vy-
hoda pouziti vysoce specifického a citlivého
MS detektoru v porovnani s klasickym ne-
specifickym FID detektorem.

Vysledky pokusnych varek se starym
a Cerstvym chmelem (obr. 3) potvrdily pfed-
poklad, ze pfitomnost oxidacnich produktd
horkych kyselin ve star§ich vzorcich chmele
vede k mirnému zvy$eni obsahu C4 a C5
izomerG niz§ich mastnych kyselin v pivu.
V pfipadé isovalerové kyseliny se blizil pra-
hové hodnoté senzorického vnimani. Lze
proto predpokladat, Zze zvySeny obsah téch-
to latek nebude pfimo odpovédny za starou
chut vyrobeného piva, ale bude pouze jed-
nim z pfispévkd k vyslednému celkovému
senzorickému viemu.

Vliv rozdilného pouzitého varniho postu-

pu (infuze-dekokce) na zmény obsahu C4 a C5 izomer(l i ostatnich
niz8ich mastnych kyselin nebyl na zakladé ziskanych dat potvrzen
(obr. 4). Bylo vSak pozorovano znaéné kolisani obsahu analytl u jed-
notlivych dvojic varek. Lze to vysvétlit moznymi odchylkami pribéhu
jednotlivych chmelovar(. HlubSi zavéry vSak zatim nelze, s ohledem
na omezeny pocet varnich zkousek a na zakladé zatim nedostate¢-

ného mnozZstvi ziskanych vysledku, vyvodit.
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Obr. 3 Porovnani obsahu C4 a C5 izomer( mastnych kyselin ve vzorcich piv vyrobenych ze
starého a Cerstvého chmele / Fig. 3 Contents of the C4 and C5 isomers of the short chain
fatty acids in beer samples produced with both older and fresh hops

Pozn.: Pivo €. 1 (Premiant, sklizef 2009); pivo ¢. 2 (Bor a Sladek, sklizefi 2009); pivo €. 3
(Zatecky polorany ¢ervenak (ZPC), sklizefi 2009) byla vyrobena ze starého chmele skla-
dovaného pfi pokojové teploté, pivo €. 4 bylo vyrobeno z erstvého chmele (ZPC, sklizen
2011)/

Note: Beer No 1 (Premiant, harvest 2009), beer No 2 (Bor and Sladek, harvest 2009) and
beer No 3 (Saaz, harvest 2009) were produced using older hops stored at room temperature.
Beer No 4 was produced using fresh hops (Saaz, harvest 2011)

and the correct selection of the ions used for the determinations.
In contrast to the use of a FID, the quatification of these two com-
pounds could be achieved (Fig. 2).

The comparison of the results obtained by using a FID and a MS
detector showed very good agreement for all the short chain fatty ac-
ids with the exceptions for the determinations of the C4 and C5 acids
and their isomers and for capric acid (7ab. 1). The increased con-
tent of capric acid determined by using FID was probably caused by
a coeluation of a compound with the same

retention time. This case demonstrates the

advantage of using a highly specific and
sensitive MS detector rather than an unspe-
cific FID.

The results from test batches with fresh

@ Pivo1,infuze/
beer 1, infusion method

m Pivo 2 infuze/
beer 2, infusion method

and older hops (Fig. 3) confirmed the as-
sumption that the presence of bitter acids
oxidation products in older hop samples

g Pivo5, infuze /
beer 5, infusion method

o pivo 6, infuze /
beer 6, infusion method

mo/l

1,00

0,50 7

0,00 T

maselna 2-Me- isovalerova  valerova

butanova

isomaselna

kapronova

causes a slight increase in the contents of
the C4 and C5 isomers of the short chain
fatty acids in beer. The content of isovaleric
e mothod acid was close to the threshold value for
u ! sensory perception. Therefore, it can be as-
pivo 7, dekokce / .
beer 7, decoction method sumed that the increased contents of these
substances are not directly responsible for
the beer going stale. Moreover, this is only
one of the factors in total sensory percep-
tion.

The data obtained from the application
of infusion and decoction brewing methods
do not confirm any influence of the method
used on changes in the contents of the C4

pivo 3, dekokce /
beer 3, decoction method

pivo 8, dekokce /
beer 8, decoction method

L | e T,

kaprylovd  pelargonova kaprinova

Obr. 4 Vliv zvoleného varniho postupu na obsah niz8ich mastnych kyselin a jejich izomer(
v pivu / Fig. 4 Influence of chosen brewing methods on the contents of the short chain fatty

acids and their isomers in beer

and C5 isomers of the short chain fatty ac-
ids or other short chain fatty acids (Fig. 4).
However, considerable variations in the
contents of the analytes for individual pairs
were observed. This could be explained by

Pozn.: Piva ¢. 1,2,5 a 6 a obdobné piva 3,4,7 a 8 byla vyrobena ze dvou rozdilnych slad.
Piva 1,2,3 a 4 byla vyrobena v prvni sérii zkou$ek, piva 5,6,7 a 8 ve druhé sérii zkousek.
Note: Beers Nos 1, 2, 5 and 6 and likewise beers Nos 3, 4, 7 and 8 were produced with two
different malts.

Beers Nos 1, 2, 3, and 4 were produced in the first test series, beers Nos 5, 6, 7, and 8 in the
second test series.

possible deviations in particular brewing pro-
cesses. Due to the limited number of brew-
ing tests and the insufficient amount of re-
sults obtained no profound conclusions can
be made yet.
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Stanoveni izomert nizsich mastnych Kyselin, senzoricky aktivnich produktu starnuti chmele, v pivu

V obou pfipadech poskytla nové navrzena GC-MS metoda stano-
veni C4 a C5 -izomerl i ostatnich niz§ich mastnych kyselin spoleh-
livé vysledky.

4 ZAVER

Byla vypracovana dostate¢né citliva a selektivni metoda stanoveni
obsahu C4 a C5 izomer( i ostatnich niz§ich mastnych kyselin v pivu,
zaloZena na jejich izolaci pomoci SPE a kvantitativnim vyhodnoceni
pomoci GC-MS. Soucasné byla zjisténa shoda mezi vysledky zis-
kanymi metodou GC-FID a GC-MS. Na rozdil od dfive pouzivané
metody GC-FID v8ak metoda GC-MS pracujici v SIM médu vynika
vy$Si citlivosti a specifiénosti a navic umoznuje kvantitativné vyhod-
notit obsah C4 a C5 izomerQ nizSich mastnych kyselin i v pfipadé
jejich nedokonalého chromatografického rozdéleni.

Pouziti star§iho chmele vedlo u piva z pokusnych varek k mirnému
narGstu obsahu oxidagnich produktd horkych kyselin, C4 a C5 izo-
merU niz§ich mastnych kyselin.

Podékovani
Tato prace byla vypracovana za podpory MZE-RO1012-Vyzkum
kvality a zpracovani sladafskych a pivovarskych surovin.
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The new proposed GC-MS method for the determination of the C4
and C5 isomers of the short chain fatty acids and other short chain
fatty acids produced reliable results in both cases.

4 CONCLUSIONS

The proposed method represents a selective and sensitive meth-
od for the determination of the C4 and C5 isomers of the short chain
fatty acids and other short chain fatty acids in beer. The method is
based on its extraction on solid phase and a following quantification
by GC-MS. The results obtained by GC-FID and GC-MS methods
were in good agreement. However, the GC-MS method working in
SIM mode excels at sensitivity and specificity and additionally ena-
bles the quantitative determination of the C4 and C5 isomers of the
short chain fatty acids even by pure chromatographic separation.

In beer made in test batches the use of older hops caused a slight
increase in the oxidation products of the bitter acids and the C4 and
C5 isomers of the short chain fatty acids.
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Cernokostelecké

vysmoleni II.

Dne 18. kvétna 2013 probéhne druhy ro¢-
nik Cernokosteleckého vysmoleni. Jedna se
o jarni paralelu tradiéniho podzimniho Cer-
nokosteleckého vykuleni, které se svym bo-
hatym Femesinym programem zaméfenym
na bednarské femeslo zafadilo mezi predni
pivovarské trachtace. Taktéz vysmoleni ko-
nané v unikatnich prostorach velmi intakiné
dochovaného a postupné rekonstruovaného
pivovaru v Kostelci nad Cernymi lesy nabid-

ne pfedevsim femesiny program zameéfeny
na bednarské femeslo. Jak jiz je vSak ze sa-
motného nazvu akce zifejmé, bednéafi zaméfi
svUj um na smoleni dfevénych transportnich
sudl. Krom vysmolovani, které bude moz-
no sledovat po cely den, budete moci pivo
z Cerstvé vysmolenych sudd okostovat, bu-
dete moci obdivovat mnohé dalsi femesla &i
autoveterany. Na tuto akci budou specialné
navarena Ctyfi piva, tradiéni svétla desit-
ka ve Varnsdorfu, lezak v Kounicich a dva
nakufované specialy v minipivovaru Parnik
Prerov. Nakufovana piva s totoZznou recep-

turou se budou liSit pouzitym nakufovanym
sladem, a to bud nakufovanim na buku &i
na raseliné. Ke véem piviim bude sbératel-
sky material a budou na ¢epu pouze na této
akci. Nebude chybét ani odborny program,
v ramci kterého si budete moci poslechnout
pfibéhy z prizkum starych pivovara (Pavel
Jakl, Milan Starec, Martin Vonka, Jan Pe-
chanek a dalsi). Nebudou chybét prohlidky
stale se rozrlstajiciho pivovarského muzea
a o jidlo opravdu nebude nouze.
Vice na www.pivovarkostelec.cz.
Milan Starec




