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Sirné slouceny pritomné v jeémeni, sladu a pivu jsou vétsinou netékavé latky (aminokyseliny, bilkoviny, anorganické sirany), ze kte-
rych mohou za uréitych podminek vznikat tékavé senzoricky aktivni latky. Pfitomnost téchto latek v pivu mize negativné ovlivnit jeho
organoleptické vlastnosti. Jednou z nejsledovanéjSich tékavych sirnych sloucenin v pivu je dimethylsulfid (DMS), proto je nutné mit
vhodnou analytickou metodu ke sledovani jeho obsahu.

Ke stanoveni obsahu DMS v mladiné a pivu byla optimalizovana a validovana metoda statické headspace ve spojeni s plynovou chro-
matografii s plamenovym fotometrickym detektorem (HS-GC-FPD). Optimalni vytéznost HS extrakce byla dosazena po 30 minutach pfi
teploté 50 °C. Obsahy DMS v analyzovanych mladinach se pohybovaly od 9,6 do 59,6 pg.l", v pivech od 6,1 do 34,9 pg.I".

Svoboda, Z., Mikulikova, R., Bélakova, S., BeneSova, K., 2017: Optimization of determination of dimethyl sulfide in wort and beer.
Kvasny Prum. 63(3): 121-125

Sulphur compounds present in barley, malt and beer are mostly non-volatile substances (amino acids, proteins, inorganic sulphates)
from which volatile sensory active substances can be produced under certain conditions. The presence of these substances in beer
can adversely affect its organoleptic properties. Dimethyl sulfide (DMS) is one of the most studied volatile sulphur compounds in beer;
therefore a suitable analytical method for monitoring DMS content is necessary.

The static headspace method coupled to gas chromatography with flame photometric detector (HS-GC-FPD) used for the determina-
tion of DMS content in wort and beer was optimized and validated. Optimal yield of HS extraction was achieved after 30 minutes at 50 °C.
DMS contents moved from 9.6 to 59.6 ug.I'" in the analysed worts, from 6.1 to 34.9 ug.I" in beers.

Svoboda, Z., Mikulikova, R., Bélakova, S., BeneSova, K., 2017: Die Optimierung der Bestimmung des Gehalts an Dimethylsulfid
in der Wiirze und im Bier. Kvasny Prum. 63(3): 121-125

Die in der Gerste, im Malz und im Bier anwesende Schwefelverbindungen sind in der Regel nicht-flichtige Substanzen (Aminosauren,
Proteine, anorganische Sulfate), aus deren unter bestimmten Bedingungen ein flichtiger sensorischer Wirkstoff entstehen kann. Die
Anwesenheit dieser Stoffe im Bier kann seine organoleptische Eigenschaften negativ beeinflussen. Zu den meist beachteten flichtigen
Schwefelverbindungen gehért Dimethylsulfid (DMS), daher ist notwendig, ein geeignetes analytisches Verfahren zu haben, um seinen
Inhalt Gberwachen zu kdnnen. Zur Bestimmung des Gehalts an DMS in der Wiirze und im Bier wurde eine Methode der statischen Head-
space — Technik mit Gaschromatographie mit flammenphotometrischem Detektor (HS-GC-FPD) optimiert und validiert. Sie optimale
Ausbeute an HS Extraktion wurde bei der Temperatur 50 °C nach 30 Minuten erreicht. Der Gehalt an DMS in den analysierten Wirzen
lag im Bereich von 9,6 bis 59,6 ug.l', im Bier von 6,1 bis 34,9 ug.I".
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1 UVOD

V posledni dobé je celosvétové a rovnéz v Ceské republice véno-
vana zvyS$ena pozornost senzoricky aktivnim latkdm ovliviiujicim
kvalitu piva. Na senzorickém charakteru i analytickém slozeni piva
se spolupodili kvalita pivovarskych surovin, technologie vyroby sladi-
ny a mladiny i technologie kvaseni a zrani piva (Landaud et al.,
2008; Basarova et al., 2010). Mezi senzoricky aktivnimi latkami ovliv-
nujicimi kvalitu piva hraji vyznamnou ulohu heterocyklické a sirné
slouceniny, z nichz nékteré se vyznacuji vysokou senzorickou aktivi-
tou i v extrémné nizkych koncentracich (Miracle et al., 2005;
Basarova et al., 2015).

Dimethylsufid (DMS) je v sou¢asné dobé nejsledovanéjsi sirnou
slou¢eninou, ktera vyrazné ovliviiuje senzorické vlastnosti piva. Jeho
obsah se pohybuje v rozmezi jednotek az stovek pg.I"' v zavislosti
na typu piva, pouzité technologii a surovinach, pfedevsim sladu. Na-
zory na prahovou koncentraci dimethylsulfidu se lisi, ale vétSinou se
povazuje za hranici hodnota okolo 50 pg.I"' (Basarova et al., 2010).
Protoze v nizSich koncentracich je povazovan za aromatickou slozku
lezackych piv, je jeho urcita koncentrace nezbytnda, ba dokonce za-
douci. Charakteristicka viné dimethylsulfidu je udavana po varené
zeleniné (kapusté Ci zeli).

Pfima analyza sirnych senzoricky aktivnich latek je mozna jen
zfidka, protoze se nachazeji v analyzovanych matricich (slad, pivo)
ve velmi nizkych koncentracich (ug.I"' — ng.I""). Pfed vlastni analy-
zou je tfeba analyty extrahovat z matrice a zakoncentrovat (Scarlata
a Ebeler, 1999). Vybér vhodné metody pfipravy vzorku pak vyrazné
ovliviiuje rychlost, spolehlivost a pfesnost analyzy.

Keywords: dimethyl sulfide, HS-GC-FPD, wort, beer

1 INTRODUCTION

Recently, worldwide as well as in the Czech Republic, increased at-
tention has been devoted to sensorially active substances that affect
beer quality. Quality of brewing materials, hopped and unhopped wort
production technology, fermentation technology and beer maturation
contribute to the beer organoleptic characters and analytical composi-
tion (Landaud et al., 2008; Basarova et al., 2010). Among sensorially
active substances affecting beer quality, heterocyclic and sulphur com-
pounds, some of them with high sensorial activity even at extremely low
concentrations, play a role (Miracle et al., 2005; Basarova et al., 2015).

Dimethyl sulfide (DMS) has recently been the most studied sul-
phur compound that significantly affects sensorial properties of beer.
Its content moves in the range of units to hundreds of ug.I-" depend-
ing on a beer type, technology used and raw materials, namely malt.
Opinions about the threshold dimethyl sulphide concentration differ
but the value about 50 ug.I"' is mostly considered a limit (Basafova et
al., 2010). As at lower concentrations, DMS is an aromatic compo-
nent of lager beers, its certain concentration is necessary or even
desirable. The characteristic smell of dimethyl sulfide is given after
cooked vegetables (cabbage).

Direct analysis of sensory active sulphur substances is possible
only seldom as they are found in analyzed matrices (malt, beer) at
very low concentrations (ug.lI" — ng.l""). Prior to the analysis, analytes
need to be extracted from the matrix and concentrated. (Scarlata,
Ebeler, 1999). The selection of an appropriate method for the sam-
ple preparation then greatly influences the speed, reliability and ac-
curacy of the analysis.
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Tékavé latky Ize z kapalnych vzorku izolovat Setrnou extrakci ply-
nem, tedy s vyuZitim tzv. headspace techniky (HS). Podstatou téchto
metod je analyza plynné faze, ktera byla v kontaktu s extrahovanym
materialem, v idealnim pfipadé az do ustaveni rovnovazné distribu-
ce tékavych latek mezi plynnou a kondenzovanou (kapalnou) fazi,
ktera je popsana distribuéni konstantou jednotlivych slozek v dané
soustavé (Kolb, 1999).

RozliSuji se dva zplsoby usporadani headspace analyzy:

a) Staticka headspace

V tomto usporadani se analyzuje vzorek plynu odebrany z prosto-
ru nad kondenzovanou fazi ve statickém uzavfeném systému.

b) Dynamicka headspace

Kondenzovana faze se kontinualné extrahuje proudem inertniho
plynu (tzv. stripovani), z néhoz jsou vynasené pary tékavych latek
vhodnym zplisobem zachycovany.

K separaci sirnych tékavych latek byvéa nej¢astéji vyuzivana plyno-
va chromatografie ve spojeni se selektivnimi detektory (Xiao et al.,
2005; Hill a Smith, 2000). Selektivni detektory jsou obzvlasté vyhod-
né pfi analyzach rozmanitych sirnych latek ve slozitych matricich.
Tyto detektory mohou redukovat ¢asové naro¢né ¢isténi vzorkd, kte-
ré mize byt pfi¢inou znegisténi vzork(l dals§imi kontaminanty, nebo
dokonce ztraty stanovovanych analyt(.

Stale nejvice pouzivanym detektorem pro analyzu sirnych latek je
plamenovy fotometricky detektor (FPD). Tento detektor sice vykazu-
je nelineadrni (exponencialni) odezvu na sirné latky v zavislosti na je-
jich koncentraci, ale je pomérné levny, robustni a postacujici pro
mnoho aplikaci (Wardencki, 1998; Mestres et al., 1997).

Alternativou k plamenové fotometrickému detektoru je pulzni pla-
menové fotometricky detektor (PFPD). Detektor vyuziva zdroje plynu
plamene v davkovani tak, aby plamen nebyl trvaly. Pulzni zapalova-
ni je viditeIné a plamen sam zhasind. Tento cyklus se opakuje 2—4
krat za sekundu. Selektivita je zabezpecena vhodnym filtrem a ¢aso-
vou dimenzi (Hill a Smith, 2000).

Dal$i moznosti je sirny chemiluminiscenéni detektor (SCD). Nejno-
véjsi aplikace metod zaloZenych na detekci timto detektorem dokazu-
ji, ze jeho nizky detekéni limit, stabilita a linearni odezva pro sirné latky
jsou divodem, pro¢ je tento detektor doporuovan pro analyzu extré-
mé slozitych matric (Wardencki, 1998; Miracle et al., 2005).

V poslednich letech se zac¢al pro stanoveni sirnych latek vyuzivat
atomovy emisni detektor (AED). V AED vstupuje plyn z chromato-
grafické kolony do plazmové hlavice, atomizuje se a emituje zareni.
To se po rozkladu mfizkou analyzuje diodovym polem a uréi se ob-
sahy prvkd. Tento detektor se pouziva k posouzeni elementarniho
slozeni latek (Wardencki, 1998).

Kombinace plynové chromatografie s hmotnostni spektrometrii je
vhodné pfi identifikaci tékavych sirnych latek v rlznych matricich
(Wardencki, 1998). K separaci tékavych sirnych latek metodou ply-
nové chromatografie se pouzivaji kolony s polarni stacionarni fazi
polyethylenglykolu nebo s mirné polarni fazi 5% — fenyl-95% — di-
methylpolysiloxanu.

2 MATERIAL A METODY

Ke stanoveni obsahu volného DMS ve vzorcich mladiny a piva
byla pouzita optimalizovana metoda headspace (HS) v kombinaci
s plynovou chromatografii s plamenové fotometrickym detektorem.
Pro HS extrakci byla optimalizovana teplota a doba extrakce.

2.1 Pouzité chemikalie a pfistroje

Standardy: (dimethylsulfid, ethylmethylsulfid), ethanol.

Pro stanoveni obsahu DMS ve vzorcich mladiny a piva byl pouzit
plynovy chromatograf Trace GC Ultra s FPD detektorem. Separace
byla provedena na kapilarni koloné GS-Gaspro (60m x 0,32 mm),
nosnym plynem bylo helium.

2.2 Optimalizace doby headspace extrakce

P¥i optimalizaci doby HS extrakce DMS z analyzovaného vzorku
byly vytéznosti extrakce testovany v ¢ase 10 az 50 minut v desetimi-
nutovych intervalech pfi teploté 40 °C. Jako optimalni ¢as byla vy-
brana doba extrakce 30 minut.

2.3 Optimalizace teploty headspace extrakce

PFi optimalizaci teploty HS extrakce DMS z analyzovaného vzorku
byly vytéznosti extrakce testovany pfi teplotach 30 az 70 °C v dese-
tistupfiovych intervalech pfi optimalizované dobé extrakce (30 min).
Jako optimalni teplota HS extrakce DMS ze vzorku byla vybrana tep-
lota 50 °C.

The volatile components from the liquid samples can be isolated
by extraction with gas, i.e. using the so-called headspace technique
(HS). These methods are based on the analysis of the gas phase
that was in contact with the extracted material, ideally until the equi-
librium distribution of the volatile substances between the gaseous
and the condensed (liquid) phases was reached, as described by the
distribution constant of the individual components in the given sys-
tem (Kolb, 1999).

Two set-ups of the headspace analysis are used:

c) Static headspace

In this system set-up, the analyzed sample of gas is taken from the
space above the condensed phase in the static close space.

d) Dynamic headspace

The condensed phase is continuously extracted with a stream of
inert gas (so-called stripping) from which volatile vapours are
trapped.

Gas chromatography coupled with selective detectors is most fre-
quently used for the separation of sulphur volatile substances (Xiao
et al., 2005; Hill and Smith, 2000). The selective detectors are name-
ly suitable for the analyses of various sulphur substances in complex
matrixes. These detectors can reduce time-consuming cleaning of
samples that may cause contamination of samples by other contam-
inants, or even loss of the analytes determined.

The flame photometric detector (FPD) is still the most widely used
detector for sulphur analysis. Although this detector exhibits a non-
linear (exponential) response to sulphuric substances depending on
their concentrations, it is relatively inexpensive, robust and sufficient
for many applications (Wardencki, 1998; Mestres et al., 1997).

The pulsed flame photometric detector (PFPD) is an alternative to
the flame photometric detector. The detector uses flame gas sources
in the dosage so that the flame is not sustained. Pulse ignition is vis-
ible and the flame itself goes out. This cycle is repeated 2-4 times per
second. Selectivity is ensured by an appropriate filter and time di-
mensionality. (Hill and Smith, 2000).

Another option is a sulphur chemiluminescence detector (SCD).
The latest application of methods based on the detection with this
detector proves that its low limit of detection, stability and linear re-
sponse for sulphuric substances are the reason why this detector is
recommended for analyzing extremely complex matrices (War-
dencki, 1998; Miracle et al., 2005).

Recently the atomic emission detector (AED) has been used for
the determination of sulphuric substances. In AED, the gas from the
chromatographic column enters the plasma head, atomizes and
emits radiation. This radiation is analyzed by the grid and the diode
array and the contents of the elements are determined. This detector
is used to assess the elemental composition of substances (War-
dencki, 1998).

Combination of gas chromatography with mass spectrometry is
useful for the identification of volatile sulphur compounds in various
matrices (Wardencki, 1998). The separation of volatile sulphur com-
pounds by gas chromatography uses columns with a polar stationary
phase of polyethylene glycol or a slightly polar phase of 5% -phe-
nyl-95% -dimethylpolysiloxane.

2 MATERIAL AND METHODS

The optimized headspace (HS) method coupled with gas chroma-
tography with the flame photometric detector was used for the deter-
mination of free DMS content in wort and beer samples. For the HS
extraction, the temperature and extraction time were optimized.

2.1 Chemicals and instrumentation

Standards (dimethyl sulfide, ethyl methyl sulfide), ethanol.

Trace GC Ultra gas chromatograph with FPD detector was used
for the determination of DMS content in wort and beer samples. Sep-
aration was performed on the capillary column GS-Gaspro (60m x
0.32 mm), carrier gas was helium.

2.2 Optimization of headspace extraction time

For the optimization of the HS extraction time of DMS from the
analyzed sample, extraction yields were tested at 40 °C at 10 to 50
minutes at ten minute intervals. The extraction time at 30 minutes
was selected as the optimal time.

2.3 Optimization of headspace extraction temperature
For the optimization of the HS extraction temperature of DMS from
the analyzed sample, extraction yields were tested at temperatures
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Obr. 1 Chromatogram analyzovaného vzorku mladiny (koncentrace DMS 59,6 ug.l") — DMS (RT 15.75 min), EMS (RT 18.23 min) / Fig. 1
Chromatogram of the analyzed hopped wort sample (concentration of DMS 59,6 ug.I') — DMS (RT 15.75 min), EMS (RT 18.23 min)

2.4 Priprava vzorku pro headspace analyzu

Do 10ml vialky bylo odméreno 0,5ml ethanolu, zazatkovana vial-
ka byla 15 min vychlazena na teplotu 5 °C. Do pfipravené vychlaze-
né vialky bylo napipetovano 5 + 0,1 ml vychlazeného vzorku mladiny
(piva), pfidano 2ml roztoku vnitfniho standardu EMS a vialka byla
uzavfena vickem se septem. Takto pfipraveny vzorek byl pouzit pro
headspace extrakci za optimalnich podminek (50 °C, 30 min).

2.5 Instrumentace a chromatografické stanoveni

Vlastni stanoveni DMS bylo provadéno na plynovém chromato-
grafu Trace Ultra s FPD detektorem, identifikace byla provedena
na plynovém chromatografu Trace Ultra s MSD detektorem. K sepa-
raci byla pouzita kapilarni kolona GS-Gaspro (60m x 0,32 mm) s na-
sledujicim teplotnim programem: pocate¢ni teplota 40 °C po dobu
1 min, narGst teploty 4 °C.min"" do 240 °C, doba setrvani 15 min.
Konstantni pratok nosného plynu He 1,5 ml.min-". Teplota FPD de-
tektoru 180 °C, pratok vzduchu 105 ml.min™', pritok vodiku 90 ml.
min~', prutok dusiku (make-up) 20 ml.min-".

Identifikace analyzovaného DMS byla provedena na zékladé po-
rovnani retenénich ¢asl se standardem (obr. 1), kvantifikace byla
provedena pomoci kalibracni kfivky (obr. 2).

2.6 Validace metody

Byly stanoveny nasledujici validaéni parametry: kalibraéni zavis-
lost, kombinovana standardni nejistota mez stanoveni.

Kalibraéni zavislost koncentrace DMS na odezvé FPD detektoru
byla exponencialni. Po analyze kalibra¢nich roztokd standardu DMS
v koncentraénim rozmezi od 6,7 do 118,5 ug.I" byla sestrojena kali-
braéni kfivka. Na obr. 2 je zndzornéna kalibraéni kfivka s regresni
rovnici a hodnotou spolehlivosti.

Kombinovana standardni nejistota metody byla vypocitana z opa-
kovatelnosti méfeni obsahu DMS v analyzovanych vzorcich. Pocet
opakovani pro vypocet nejistoty bylo 10 pro mladinu i pivo. Kombino-
vana standardni nejistota metody byla 5,9 %.
vanou presnosti kvantitativné stanovit. Je to mez, kdy analyt vyvola
odezvu méficiho pfistroje (S) vétsi nez je desetinasobek urovné
Sumu pozadi (N), tedy S/N = 10. Mez stanoveni obsahu DMS v ana-
lyzovanych vzorcich mladiny a piva byla stanovena vypoctem z chro-
matogramu a jeji hodnota byla 3,5 pg.I".

30 to 70 °C in ten-minute intervals at the optimized extraction time
(30 min). The temperature of 50 °C was selected as the optimal tem-
perature of HS extraction of DMS from the sample.

2.4 Sample preparation for headspace analysis

0.5ml of ethanol was transferred to a vial (10 ml), the capped vial
was cooled to 5° C for 15 minutes. 5 + 0.1 ml of the chilled wort
sample (beer) was pipetted into the prepared chilled vial, 2ml of the
internal EMS standard solution was added, and the vial was septum-
capped. The prepared sample was used for headspace extraction
under the optimum conditions (50 °C, 30 min).

2.5 Instrumentation and chromatographic determination

DMS was determined using the gas chromatograph Trace Ultra
with a FPD detector, the identification was carried out using the gas
chromatograph Trace Ultra with a MSD detector. The separation was
conducted with a capillary column GS-Gaspro (60m x 0,32 mm) with
the following thermal programme: initial temperature 40 °C for 1 min,
increase in temperature 4 °C.min' t 240 °C, maintained for 15 min.
Constant flow of the carrier gas He 1.5 ml-min~'. The FPD detector
temperature 180 °C, air flow 105 ml.min~', hydrogen flow 90 ml.min™",
nitrogen flow (make-up) 20 ml.min=".

The identification of the analyzed DMS was conducted based on
the comparison of retention times with standard (Fig. 1), quantifica-
tion was performed using the calibration curve (Fig. 2).

2.6 The method validation

The following validation parameters were determined: calibration
dependence, combined standard uncertainty, limit of quantification.

The calibration dependence of the DMS concentration on the FPD
detector response was exponential. After analyses of the DMS cali-
bration solution standards at the concentration range from 6.7 to
118.5 pg.I", the calibration curve was constructed. Fig. 2 shows
a calibration curve with a regression equation and confidence value.

The combined standard uncertainty of the method was calculated
from the repeatability of the DMS content measurement in the ana-
lyzed samples. The number of iterations to calculate the uncertainty
was 10 for both wort and beer. The combined standard uncertainty
of the method was 5.9%.

The limit of quantification is the lowest concentration of the analyte
that can be quantified with the defined precision. This is the limit at
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¥ =0,001x- 0,0073x+ 0,1416
R*=0,9998

] 20 40 60 80 100 120 140
Koncentrace DMS / Concentration of DMS (pg.I'")

Obr. 2 Kalibraéni kfivka DMS / Fig. 2 Calibration curve of DMS

3 VYSLEDKY A DISKUSE

Optimalizovana metoda HS extrakce ve spojeni s plynovou chro-
matografii s FPD detektorem byla validovana. Mez stanoveni volné-
ho DMS ve vzorcich mladiny a piva byla 3,5 pg.I"", kombinovana
standardni nejistota 5,9 %, R?=0,9998.

Vytéznost HS extrakce v zavislosti na dobé extrakce byla testova-
na v 10minutovych intervalech od 10 do 50 min. Testovaci teplota
byla zvolena 40 °C, coz je teplota bodu varu DMS. Z grafické zavis-
losti je patrné, Ze do 20 min dochazi k prudkému narlstu vytéznosti,
v dobé od 20 do 30 min je narlst extrakce pozvolnéjsi. Od 30 min
dochazi k ustéleni extrakce. Z téchto zavislosti vyplyva, ze nejopti-
malngjsi doba extrakce je 30 min. Na obr. 3 je zndzornéna zavislost
ploch piki DMS / EMS na dobé HS extrakce.

Vytéznost HS extrakce v zavislosti na teploté extrakce byla testo-
vana po 10 °C od 30 do 70 °C. Graficka zavislost ukazuje strmy na-
rlst vytéZnosti od 30 do 50 °C, pfi teplotach nad 50 °C dochazi k mir-
nému poklesu. Nejvyssi vytéznost HS extrakce byla pfi 50 °C a tato
teplota byla zvolena jako optimalni. Na obr. 4 je znazornéna zavislost
ploch piki DMS / EMS na teploté HS extrakce.

Optimalizovanou extrakéni metodou HS ve spojeni s plynovou
chromatografii s FPD detektorem bylo analyzovano 80 vzork( mla-
din a 25 vzorkd piv. Obsahy DMS v analyzovanych mladinach se
pohybovaly od 9,6 do 59,6 ug.l", v pivech od 6,1 do 34,9 pg.I".

4 ZAVER

Z vysledku optimalizace a validace metody vyplyva, Ze metoda HS
v kombinaci s plynovou chromatografii s plamenové fotometrickym
detektorem je vhodna pro stanoveni obsahu volného DMS v mladiné
a pivu.
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which the analyte produces a response of the meter (S) greater than
ten-fold of the background noise level (N), i.e. S/N = 10. The limit of
the DMS content in the analyzed wort and beer samples was deter-
mined by calculation from the chromatogram and its value was
3,5 pg.I".

3 RESULTS AND DISCUSSION

The optimized HS extraction coupled with gas chromatography
with a FPD detector was validated. The limit of quantification of free
DMS in samples of hopped wort mladiny and beer was 3.5 pg.l",
combined standard uncertainty 5.9 %, R?=0.9998.

The yield of HS extraction, depending on the time of extraction,
was tested at 10 minute intervals of 10 to 50 minutes. The test tem-
perature was selected at 40 °C, which is the boiling point of the DMS.
It is evident from the graphical dependence that the yields raise
sharply up to 20 min, the extraction rate is slower in the 20 to 30 min
period. From 30 min, extraction is stabilized. These dependencies
show that the optimal extraction time is 30 minutes. Fig. 3 shows the
dependence of the DMS / EMS peak areas on the HS extraction
time.

The yield of HS extraction, depending on the extraction tempera-
ture, was tested per 10 °C from 30 to 70 °C. The graphical depend-
ence shows a steep increase in yield from 30 to 50 °C, and a slight
decrease at temperatures above 50 °C. The highest yield of HS ex-
traction was at 50 °C and this temperature was chosen as optimal.
Fig. 4 shows the dependence of the DMS/EMS peak areas on the HS
extraction temperature.

The optimized HS extraction method coupled with FPD gas chro-
matography was used for the analysis of 80 samples of wort and 25
samples of beers. The DMS content of the analyzed worts ranged
from 9.6 to 59.6 pg.l", in beers from 6.1 to 34.9 ug.I".
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4 CONCLUSION

The results of the optimization and validation of the method show
that the HS method in combination with gas chromatography with
a flame photometric detector is suitable for the determination of free
DMS content in wort and beer.

Translated by Vladimira Novakova



