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Head-space metoda ve spojeni s plynovou chromatografii pfedstavuje postup pro stanoveni tékavych latek. Nalezla Siroké uplatnéni
pfi analyze potravin véetné piva. Tato prace je zamérena na vyuziti této techniky v pivovarské analytice a jsou diskutovany vyhody a ne-
vyhody rdzného zplsobu provedeni — staticka head-space (provedeni s plynotésnou stfikackou nebo v usporadani ventil a davkovaci
smycka) a dynamicka head-space metoda (purge and trap).

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvofak, J. — Haskova, D.: Head-space analysis in brewing analytics.
Kvasny Prum. 58, 2012, No. 1, p. 2-5.

Head-space gas chromatography is a sample preparation method for determination of volatile compounds. This technique is very often
used in food analyses including beer. This paper is focused on application of this procedure in brewing analytics. Advantages and disad-
vantages of this method in different modes — static head-space (gastight syringe based system or valve and loop based system) and
dynamic head-space (purge and trap) are discussed.

Horak, T. - Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvofak, J. — Hadkova, D.: Head-space Analyse in der Brauerei Analytik.
Kvasny Prum. 58, 2012, Nr. 1, S. 2-5.

Die Head Space Methode in der Verbindung mit der Gaschromatographie stellt ein Verfahren zur Feststellung von flichtigen Stoffen
dar und hat eine Anwendung zur Lebensmittelanalyse einschlielich des Bieres gefunden. Der Artikel befasst sich mit der Verwendung
dieser Technik in der Brauereianalytik, weiter werden Vor- und Nachteile verschiedener Durchfiihrung — statische Head-Space (Durch-
fihrung mit einer gasdichten Spritze oder in Durchfiihrung Ventil und Dosierschleife) und dynamische Head-Space (purge and trap)

KP01_02_05_Horak.indd 2

diskutiert.
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1 UVOD

Head-space technika je zakladni a velmi ¢asto pouzivana technika
pro stanoveni tékavych latek. Je zaloZzena na rozdéleni sledovanych
analytd mezi netékavou kapalnou nebo pevnou fazi a parni fazi nad
kapalnym nebo pevnym vzorkem. Vzhledem k tomu, Ze parni faze
obsahuje obvykle podstatné méneé latek nez vlastni kapalny nebo
pevny vzorek, jde o velmi Setrny postup, kterym se vyraznym zpUso-
bem potlacuje zatizeni chromatografického systému nezadoucimi
interferujicimi nebo kontaminujicimi latkami, coz vyznamné prodiu-
zuje zivotnost kapilarni kolony. Kli€ovym faktorem ovliviujicim ucéin-
nost head-space postupu je distribuéni konstanta analytu mezi plyn-
nou a kapalnou fazi. Cim vice je rovnovéha posunuta k plynné fazi,
tim s vétsi citlivosti bude latka stanovena.

Myslenka analyzovat parni fazi nad kapalnym nebo pevnym vzor-
kem pochazi jesté z doby prfed rozvojem plynové chromatografie.
Snad prvni zminka v odborné literatufe o analyze plynné faze vytvo-
fené nad kapalinou pochazi z prace Harger, Bridwell a Raney z roku
1939, ve které se autofi pokouseli stanovit obsah alkoholu ve vod-
nych roztocich (Harger et al., 1939). Prvni zprava o spojeni statické
head-space a plynového chromatografu se datuje do roku 1958 (Bo-
vin et al., 1958). Soucasny stav head-space techniky popisuje cela
fada publikaci, napt. Kolb a Ettre, 2006, Snow a Slack, 2002, Kolb,
2000, Pawliszyn a Lord, 2010, Chaintreau, 2000, Dewulf, Van Lang-
hove, 2002, Roose, Brinkham, 2005.

Head-space analyza muze byt provadéna dvéma zpusoby. Pokud
je vzorek v rovnovazném stavu s plynnou fazi v uzavieném prostoru,
potom se tato metoda nazyva staticka head-space. Pokud nosny
plyn proudi nad hladinou vzorku nebo probublava vzorkem a extra-
hované tékavé latky se zachytavaji v kryogenni nebo sorpéni pasti,
pak se tento postup oznacduje jako dynamickd head-space, gas-
-phase stripping nebo purge-and-trap.

2 STATICKA HEAD-SPACE METODA

P¥i statickém head-space postupu se ustavuje rovnovaha mezi té-
kavymi latkami obsazenymi ve vzorku a v parni fazi nad vzorkem

(O]
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1 INTRODUCTION

Head-space technique is a primary and very often used procedure
for the determination of volatile compounds. Head-space analysis
can be generally defined as a vapor-phase extraction, involving the
partitioning of analytes between a non-volatile liquid or solid phase
and the vapor phase above the liquid or solid. It is expected that the
vapor-phase mixture contains fewer components than the usually
complex liquid or solid sample. So this procedure is a very clean
method of introducing volatile analytes into a GC and the contamina-
tion of chromatographic system by interfering or polluting compounds
is reduced and lifetime of capillary columns is expressively extended.
The main factor in head-space procedure is the distribution constant
of an analyte between the gas phase and the liquid phase. The more
the equilibrium is shifted to the gas phase, the more sensitive the
analyte can be determined.

The idea of analysing of the vapour phase above a solid or liquid
sample originates long before the development of gas chromatogra-
ph. Perhaps the first mention of the analysis of the vapour above
a liquid in the scientific literature occurred with the paper of Harger,
Bridwell and Raney, 1939, in which they proposed determination of
the alcohol content of aqueous solutions. The first reported use of
static head-space with gas chromatograph occurred in 1958 (Bovin
et al., 1958). The state of the art of head-space analysis is documen-
ted in many publications, e.g. Kolb a Ettre, 2006, Snow a Slack,
2002, Kolb, 2000, Pawliszyn a Lord, 2010, Chaintreau, 2000, Dewulf,
Van Langhove, 2002, Roose, Brinkham, 2005.

Head-space analysis can be practiced by two ways. If the sample is
in equilibrium with the gas phase in closed vessel, then the method is
called as static head-space. If a carrier gas is passed over, or through,
the sample and the extracted volatile compounds accumulated in
a cryogenic or sorbent trap, then the procedure is generally referred to
as dynamic head-space, gas-phase stripping or purge-and-trap.

2 STATIC HEAD-SPACE METHOD

In static head-space analysis, the volatiles in the sample are equi-
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v plynoté&sné uzavrené vialce. Po ur€ité dobé nutné k ustanoveni rov-
novahy je ¢ast plynné faze odebrana z vialky a nastfiknuta na kolonu
plynového chromatografu. K podpofe vytésnéni latek z kapalného
vzorku do parniho prostoru (pro latky s nizkou distribuéni konstan-
tou, které z vétsi ¢asti zlstavaji v kapalné fazi) je mozno pouzit zvy-
Senou teplotu ekvilibrace nebo zvysit iontovou silu vzorku pomoci
vysoleni. Uginné je také michani nebo tfepani vzorku béhem ustavo-
vani rovnovahy.

Metoda statické head-space analyzy nasla uplatnéni pfi stanovo-
vani fady vyznamnych senzoricky aktivnich latek v pivu a jeho mezi-
produktech a stala se soucasti oficialnich metodik mezinarodnich
pivovarskych instituci. Jedna se predevsim o tyto latky — vicinalni di-
ketony (diacetyl a 2,3-pentandion), acetoin, dimethylsulfid a jeho
prekurzory, acetaldehyd, ethyl-acetat, nizsi alkoholy a estery (meto-
diky: EBC, 2005, An: 1996a-f, 1997a-d, 2005).

Dnes jsou na trhu automatické head-space davkovace, které zaru-
Suji pro kazdy vzorek zachovat konstantni dobu temperace za pres-
né stanovené teploty, temperovani dal$iho vzorku v sekvenci béhem
méfeni pfedchazejiciho vzorku na plynovém chromatografu (tim se
vyrazné Setfi Cas a zvySuje tak mozné mnozstvi zpracovanych vzor-
kd), inertnost systému, umoznuji ménit objem parni faze nastfikova-
ny na kolonu plynového chromatografu, umoznuji tfepani vzorku
béhem temperance a v neposledni fadé volit rizné parametry head-
-space metody (napf. teplota inkubace vzorku, ekvilibraéni doba) pfi
optimalizaci postupu (Kolb, Ettre, 2006).

Statické head-space systémy jsou dvojiho typu — bud k davkovani
pouzivaji plynotésnou stfikacku, nebo ventilovy systém s davkovaci
smyckou.

2.1 Systém s plynotésnou strikackou

Nespornou vyhodou tohoto systému je skute¢nost, ze ho Ize zis-
kat rychlou modifikaci automatického davkovace pro kapalné vzorky
jednoduchou zaménou klasické davkovaci stfikacky za plynotésnou
stfikacku. Nicméné v tomto pripadé stfikacka ani vialka se vzorkem
nejsou vyhfivany. Proto toto usporadani neni vhodné pro analyzu
pevnych vzorkd nebo vyse vroucich analyt(. Dnes se vSak dodavaji
automatické davkovace, které umoznuji jak vyhfivani stfikacky, tak
vzorku. Navic je mozné po nadavkovani vzorku nastavit i dobu pro-
plachu stfikacky inertnim plynem, a tak v pfipadé vzorku s vysokym
obsahem stanovovanych analytli zamezit jejich pfenosu mezi vzorky
(Kolb, Ettre, 2006).

Na trhu jsou dostupné stfikackové head-space davkovace napf.
firem CTC (CombiPal), Thermo Scientific (TriPlus), HTA.

2.2 Ventilovy systém s davkovaci smyckou

Toto usporadani se sklada z vicecestného ventilu, davkovaci
smycky obvykle o objemu 1 ml a propojovaci kapilary, ktera je zave-
dena do nastfikového prostoru plynového chromatografu. Analyza
probiha v nékolika krocich. Nejprve je vialka se vzorkem zahfivana
po pfedem stanovenou dobu pfi uréené teploté. Poté je septum vial-
ky propichnuto jehlou a prostor vialky je natlakovan inertnim ply-
nem. V dalSim kroku se pfepne ventil tak, ze se davkovaci smycka
naplni parami head-space prostoru. Nato se ventil opét pfepne, a to
tak, aby se plyn z davkovaci smy¢ky vyplachnul do propojovaci ka-
pilary a byl tak pfenesen na chromatografickou kolonu (Kolb, Ettre,
20086).

Tento typ head-space davkovacl dodavaji napf. firmy Agilent Tech-
nologies, Dani, Tekmar-Dohrmann.

Vyhody a nevyhody obou vys$e uvedenych systému jsou uvedeny
v tab. 1 (Pawliszyn, Lord, 2010).

librated with a gas phase above the sample in a gas-tight closed vial.
After a predetermined equilibration time, part of the gas phase is
withdrawn from the vessel, and injected into a gas chromatographic
column. For compounds which, because of low distribution con-
stants, largely remain in the liquid matrix, an obvious way to enhance
the analyte concentration in the gas phase is to increase their vapour
pressure by increasing the equilibration temperature or increase the
ionic strength of the solution by salting out. Stirring or shaking is also
efficient during equilibration.

Head-space procedure plays a significant role in the determination
of many important beer flavours not only in beer but also in interme-
diate products. Many official methods of international brewery institu-
tions used head-space technique for the determination of many fla-
vours as vicinal diketone (diacetyl, 2,3-pentanedione), acetoin,
dimethylsulfide and it's precursors, acetaldehyde, ethyl acetate,
lower alcohols and esters (methods EBC, 2005, Anonymous: 1996a-f,
1997a-d, 2005).

Head-space autosamplers available at the market guarantee con-
stant heating time at accurate temperature for each sample, heating
of the next sample in a sequence during the gas chromatographic
run of the current sample (so that there is no wasted time between
runs and capacity of laboratory increases), an inert sample path,
enables variable injection volume of vapour, enables shaking or
mixing of the sample during temperature period, and also ability to
download different methods in study the effect of varying parameters
such as sample temperature or equilibration time during optimization
of the procedure (Kolb, Ettre, 2006).

Static head-space systems are available in two different modes —
syringe-based system or valve and loop-based system.

2.1 Syringe-based system

An unquestionable feature of this system is fact that can be simply
obtained by modification of liquid autosampler only by simply substi-
tution of classical syringe with gastight syringe. However, in this case
the syringe and also sampling vials are unheated. For this reasons
this arrangement is inadequate for analyzing solid samples or high-
boiling analytes. But modern head-space autosamplers use as a
heated syringe as heated vials. Moreover, the gastight syringe can
be purged by inert gas for programmed period after injection of the
sample. This is important when the samples with high concentration
of compounds of interest are determined and so the carry-over can
be eliminated (Kolb, Ettre, 2006).

Syringe-based head-space samplers are available from e.g. CTC
(CombiPal), Thermo Scientific (TriPlus), HTA.

2.2 Valve and loop-based system

This arrangement has a multiway valve, a sample loop (usually
1ml volume) and transfer line which is introduced into injector of gas
chromatograph. The analysis includes several steps as follows. Ini-
tially the vial is heated for the length of time at specified temperature.
Then the vial is pierced with a needle and pressurized with an inert
gas. In next step the valve is turned so that the flow of gas changes
direction and a portion of the head-space flows into the sample loop.
After that the valve is turned again so that gas in the sample loop is
flushed through the transfer line and into the gas chromatographic
column (Kolb, Ettre, 2006).

These head-space samplers are supplied for example by Agilent
Technologies, Dani, Tekmar-Dohrmann.

Advantages and disadvantages above mentioned systems are
summarized in Tab. 1 (Pawliszyn, Lord, 2010).

Tab. 1 Porovnani statického head-space davkovace vybaveného plynotésnou stfikackou a ventilového systému s davkovaci smyckou / Static
head-space sampler - comparison of syringe-based system and valve and loop-based system

Typ provedeni/ Technique | Vyhody / Advantages

Nevyhody / Disadvantages

Provedeni se stfikackou /

Syringe based path

¢ Inertni cesta vzorku / Inert sample

4 Snadna zména davkovaného objemu
/ Simple variation of injector volume

4 Plynotésna strikacka ma teflonové zakonéeni pistu

a po ¢ase se muze objevit netésnost / Gastight syringes have
Teflon-tipped plungers, which can leak

4 Moznost ohnuti jehly / Occasion needle bending

4 Obcasna nutnost vymény stfikacky / Occasional syringe
changing

Provedeni s ventilem
a smyckou /
Valve and loop-based

space davkovace z jednoho GC

one GC to another

4 Obvykle snadné pfemisténi head-

na druhy / Usually easy to move from

ho objemu a omezené moznosti zmény tohoto objemu / Ability
to change sample loop (and sample volume) is more complica-
ted and limited
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3 DYNAMICKA HEAD-SPACE METODA

PFi pouziti postupu dynamického head-space dochazi k probubla-
vani inertniho plynu vzorkem a vytésnéné tékavé latky se zachytava-
ji v absorpéni pasti. Poté je past prudce zahrata a tékavé latky jsou
tak uvolnény nebo desorbovany a naneseny na kolonu plynového
chromatografu. V dalSi fazi je past vyhfata na jesté vyssi teplotu, nez
pfi které doslo k uvolnéni sledovanych analytd, a tim se odstrani re-
zidua latek a vihkost. Systém je pak pfipraven pro dalsi analyzu.

Tato technika je obecné citlivéjSi nez metoda statické head-space,
protoze probublavanim se podafi vytésnit z matrice vzorku podstat-
né vice analytl nez u statického provedeni. Na druhé strané zafizeni
pro dynamicky head-space je komplikovanéjsi a problémy mize zpG-
sobovat i pénéni vzorku béhem probublavani. V pivovarské analytice
se dynamicky head-space obvykle nepouziva jednak z divodu pro-
bléml s pénénim piva a jednak stanovované latky se nachazeji
v koncentracich, které Ize bez problému stanovit technikou statické-
ho head-space (Culik et al., 1997).

Porovnani statického a dynamického head-space je uvedeno
v tab. 2 (Pawliszyn, Lord (2010).

3 DYNAMIC HEAD-SPACE METHOD

With dynamic head-space an inert gas is bubbled through the
sample and the volatiles are transferred to an absorbent trap. The
trap is heated and the volatiles are released or desorbed and trans-
ferred to the gas chromatographic column. Than the trap is rapidly
heated to a higher temperature than was used during the desorption
step, to remove residual analytes and moisture, and the system is
ready for another sampling.

Dynamic head-space is generally more sensitive than static head-
-space, since due to sample bubbling more analytes are extracted in
comparison with static head-space procedure. On the other hand
dynamic head-space requires more maintenance and is subject to
problems such as foaming of the sample. In brewing analytics dy-
namic head-space is not usually used partly for problems with foam-
ing of beer sample, partly the concentrations of compounds of inte-
rest can be easy determined by static head-space technique (Culik
etal., 1997).

Comparison of static and dynamic head-space is given in Tab. 2
(Pawliszyn, Lord, 2010).

Tab. 2 Porovnani technik statického a dynamického head-space / Comparison of technique static and dynamic head-space

Staticky head-space /
Static head-space

Dynamicky head-space /
Dynamic head-space

Koncentraéni rozsah /
Concentration range

ppb az jednotky procenta /
ppb to low percent levels

ppt az ppm /
ppt to ppm

Hardwarové pozadavky /
Hardware required
a sophisticated instrument

Od jednoduché plynotésné stfikacky po sofistikovany
davkoval / Ranges from a simple gastight syringe to

Jednoucelovy pfistroj /
Complex dedicated instrument

Automatizace /
Automation

samplers which can handle 100 samples

Od ruéniho provedeni s plynotésnou stfikackou
po automatické davkovace o kapacité 100 vzorkt /
Can be manual with a gastight syringe to automated

Automatické davkovace do 70 vzorkl /
Autosamplers up to 70 samples

Kvantifikace /
Quantitation

Velmi zavisly od typu matrice v dusledku jen
castecné vytéznosti analytu / Highly matrix depen-
dent since there is only partial recovery of the analyte

Mensi zavislost na matrici, protoze dochazi
k UCinn&jsi extrakci analytu / Less matrix dependent
since most of the analyte is removed

Jednoduchost obsluhy /
Ease of maintenance

Velmi snadné a jednoduché /
Little maintence required

Naro¢né, pasti se musi Cistit, problémy s pénénim /
Labor intensive, traps must be cleaned, problem with
foaming

4 KVANTIFIKACE PRI HEAD-SPACE
ANALYZE

4.1 Mozné problémy

Nejcastéjsi pri¢inou problému spojenych s kvantifikaci je u head-
-space analyzy nebezpedi ztraty stanovovanych tékavych latek bé-
hem manipulace se vzorkem. K problém0m muze dojit jiz pfi pfipravé
standardu. Pfi odbéru vzorku je velmi dllezité vzorkovnici naplnit az
po okraj, vzorky skladovat v chladu, popfipadé, pokud je to mozné,
je zamrazit. K analyze vzorkd by se mélo také pfistoupit co nejdfive
po odbéru vzorku. Pfiprava kalibracnich vzork(i vyzaduje urcitou
zruénost a zkuSenost a je nutno ji vénovat nalezitou péci. Pfedevsim
je dulezité po preneseni vzorku do head-space vialky ji neprodlené
dlkladné uzavfit vhodnym vickem se septem.

Nizka odezva nebo dokonce zadna odezva stanovovanych latek je
Casto zplsobena nespravnym uzavienim vialek. K uzavirani vialek
vickem se septem slouzi specialni uzaviraci klesté, které je zapotre-
bi mit dobfe sefizené. Pozornost je nutné vénovat i volbé vhodnych
sept, aby nedochézelo k poruseni tésnosti béhem inkubace vzorku
pfi zvySené teploté.

PFi pouzivani automatickych head-space davkovaci je nutné dob-
fe nastavit hloubku jehly tak, aby zcela propichla septum a zaroven
nezajizdéla pfili§ hluboko a nehrozilo nasati kapalné faze vzorku
(Pawliszyn, Lord, 2010).

4.2 Pouziti interniho standardu

Interni standard je latka, ktera se pfidava ve stejném mnozstvi
do vzorkd, slepych pokusu a kalibraénich standardll. Tato latka se
pouziva ke kalibraci vynesenim zavislosti poméru signalu stanovova-
ného analytu k signalu interniho standardu jako funkci koncentrace

(O]

4 QUANTITATION IN HEAD-SPACE
ANALYSIS

4.1 Possible problems

The most frequent cause of problems with quantitation in head-
space is due to loss of determined volatile compounds during sam-
ple handling. This includes also losses during preparation of stan-
dards. It is very important to fill the sample container to the top when
collecting samples, to store samples in the refrigerator or if it is pos-
sible to freeze the samples. The analyses of samples should start as
soon as possible. Preparation of calibration standards requires some
skillfulness and practice and stored with equal care. Primarily it is
necessary to carefully close the vial with suitable cap and septum
immediately after filling the vial with the sample.

Low responses or no responses are usually due to improper scal-
ing of the vials. A special hand crimper for vial closing must be care-
fully adjusted. Attention must be focused also for the choice of suit-
able septum. Some septum may leak at higher temperature during
sample incubation.

With automated head-space samplers the needle position is re-
quired to set to the correct deep, so the septum is fully punctured and
at the same time the liquid sample is not be taken to the syringe
(Pawliszyn, Lord, 2010).

4.2 Using of internal standard

An internal standard is a chemical substance that is added in
a constant amount to samples, the blank and calibration standards in
a chemical analysis. This substance can then be used for calibration
by plotting the ratio of the analyte signal to the internal standard sig-
nal as a function of the analyte concentration of the standards. This
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Tab. 3 Prehled latek pouzivanych jako vnitfni standardy v hlavnich pivovarskych head-space metodach / Overview of compounds used as

internal standard in main brewing head-space analyses

Pivovarska analyza / Brewing analysis

Latka / Compound

Niz&i alkoholy a estery / Low alcohols and esters

n-butanol

Vicinalni diketony / Vicinal diketones

2,3-hexandion / 2,3-hexanedione

Dimethylsulfid a jeho prekurzory / Dimethylsulfide and its precursors

Ethylmethylsulfid / Ethylmethylsulfide

analytll. Pouzitim vnitfniho standardu se eliminuji ztraty analytu bé-
hem pfipravy vzorku. Jako vnitini standard se voli latka, ktera se
vyznacuje podobnymi fyzikalné chemickymi vlastnostmi jako stano-
vované latky, ale pfi chromatografické separaci se sledovanymi ana-
lyty neinterferuje. Vzhledem k moznym komplikacim pfi kvantitativ-
nim stanovovani popsanym v pfedchazejici kapitole, je pouziti
interniho standardu velmi vyhodné, nebot tak do znaéné miry maze
tyto problémy eliminovat.

V pivovarské analytice se pfi head-space analyze interni standardy
vyuzivaji. Jejich prehled u téch nejvyznamnéjsich metod uvadi tab. 3.

5 ZAVER

| pfes rozvoj novych, zejména mikroextrakénich technik jako mik-
roextrakce na pevné fazi (SPME), sorp¢ni extrakce na michaci ty¢in-
ce (SBSE) a dalsich, zaujiméa head-space metoda stéle pevné misto
pfi analyze tékavych latek, a to pfedevSim diky své jednoduchosti
a moznosti pIné automatizace. Své stélé misto si nasla i pfi béznych
pivovarsko-sladafskych analyzach, kde se uplatfiuje jeji statické pro-
vedeni s vyuzitim internich standard(.

Podékovani

Tato prace je soucasti Vyzkumného zaméru MSM 6019369701.
Autofi také dékuji subjektiim sdruzenym v CSPS za podporu pfi fe-
Seni tohoto ukolu.

Autofi si dale velmi vazi pomoci a rad kolegu, ktefi tak pfispéli
k vytvoreni tvuréi atmosféry v laboratofi.
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is done to correct the loss of analyte during sample preparation or
sample inlet. The internal standard is a compound that is very similar,
but not identical to the chemical species of interest in the samples, as
the effects of sample preparation should, relative to the amount of
each species, be the same for the signal from the internal standard
as for the signal(s) from the species of interest in the ideal case.

In brewing analytics head-space methods internal standards are
successfully used. Overview of these compound used in frequently
brewing analysis is shown in Tab. 3.

5 CONCULSIONS

Despite development of new special microextraction techniques e.g.
solid phase microextraction (SPME), stir bar sorptive extraction
(SBSE) and other, the head-space procedure is permanently the main
method for the determination of volatile compounds due to its simpli-
city and easy automation. The head-space method is also very often
used in brewing and malting analytics. Static mode of head-space
technique is preferred and internal standard is used for quantitation.
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