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Jednim ze zpUsob, jak reagovat na pozadavky brzkého ziskani vysledk( analytickych rozbord, je pouziti rychlej$i chromatografie. Na trhu
se nedavno objevily kiemenné kapilarni kolony s novym rozmérem vnitfniho prdméru 0,18 mm. Tato prace se zaméruje na moznosti vyuZiti
prave téchto kapilarnich kolon v porovnani s bézné pouzivanymi kolonami o vnitfnim prdméru 0,32 mm pro stanoveni velmi tékavych sen-
zoricky aktivnich latek v pivu. Tyto latky byly z matrice vyextrahovany metodou headspace, k detekci byl pouzit plamenoionizaéni detektor.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvofak, J. - Haskova, D.: Faster gas chromatography and its use in bre-
wing. Part 2. - The determination of high volatile beer flavours after headspace extraction. Kvasny Prum. 55, 2009, No. 10, p.268-272.

Using of faster gas chromatography is one way how the requirement of quick getting of results could be solved. Silica capillary columns
with new size of internal diameter — 0.18 mm — are now available on the market. This study is focussed on applications of these narrow bore
columns and their comparisons with usually applied columns with 0.32 mm of internal diameter for determination of high volatile beer fla-
vours. All of these compounds were extracted from beer matrix by headspace method. Flame ionization detector was used for the detection
of these analytes.

Horak, T. — Culik, J. — Jurkovéa, M. — Cejka, P. — Kellner, V. — Dvofak, J. — Haskova, D.: Eine schnellere Gaschromatographie und ihre
Ausniitzung in der Brauindustrie. Teil 2. — Bestimmung von hochfliichtigen sensorisch Aktivsubstanzen im Bier nach der Head-
space Extraktion. Kvasny Prum. 55, 2009, Nr. 10, S. 268-272.

Eine Mdglichkeit, den Anforderungen an schnelle Resultate von analytischen Analysen entgegenkommen zu kdnnen, ist die Anwendung
einer schnelleren Gaschromatographie. Vor einiger Zeit sind auf dem Markt eine quarzhaltige Kapillarkolonnen mit dem ID 0,18 mm erschi-
ennen worden, ihre Ausnitzung und der Vergleich mit den laufend angewandten Kapillarkolonnen (ID 0,32 mm) zur Bestimmung von hochf-
luchtigen sensorisch Aktivsubstanzen im Bier werden in diesem Artikel beschrieben. Durch die Methode headspace wurden diese Aktiv-

substanzen aus der Matrize extrahiert, zur Detektion wurde ein Flammenionisierbarer Detektor angewandt.

Klicova slova: rychlejsi plynova chromatografie, headspace metoda,
velmi tékavé senzoricky aktivni Idtky, pivo

1 UvoD

PoZadavky na dnesni laboratofe zahrnuji nejenom ziskani pres-
nych a reprodukovatelnych vysledkd, ale také nutnost jejich dodani
v co nejkrat§i dobé. Pfitom vlastni rozbor v sobé vétSinou zahrnuje
pfipravu vzorku, nasledné vlastni stanoveni a zpracovani namére-
nych dat.

Pfi stanoveni tékavych senzoricky aktivnich latek v pivu se ¢asto
pouzivaji plynové chromatografické metody v kombinaci s headspace
technikou. Tyto postupy jsou souéasti oficialnich metod fady instituci
jako je EBC, MEBAK nebo IOB [1-3]. Jako alternativa k headspace
metodam byly vypracovany dalSi rychlé, levné a spolehlivé postupy
vyuzivajici mikroextrakci na pevné fazi k izolaci téchto latek z piva.
Napt. polsti autofi Jelen a kol. se zabyvali porovnanim mikroextrakce
na pevné fazi a headspace technikou pfi stanoveni nékterych alko-
holl a estert v pivu [4]. PouZiti mikroextrakce na pevné fazi pro sta-
noveni dimethylsulfidu v pivu popisuje Sulék a kol. [5].

Dal$i zpusob, jak urychlit cely analyticky proces, spociva v pouziti
rychlejsi plynové chromatografie. Zajem o urychleni chromatografické
separace se datuje jiz od prvniho pouziti chromatografie v systému
plyn-kapalina v roce 1952 [6]. Teoretické a praktické moznosti sou-
¢asného vyuziti rychlé chromatografie byly rozebrany v pfedchazeji-
cim ¢lanku [7]. Nevyhodou bézné dostupnych ,narrow bore“ kapilar-
nich kolon s vnitfnim prdmérem 0,1 mm je nutnost vysokého tlaku na
hlavé kolony (600 kPa nebo jesté vyssiho), nezbytnost rychlého
ohfevu chromatografické pece a pozadavky na detektory s rychle
skenujici elektronikou. Ne vSechny bézné plynové chromatografy jsou
schopny vyhovét témto zvySenym naroklm. Proto je mozné oznadit
za vynikajici ndpad obohatit nabidku chromatografickych kolon
o vnitfni prdmér 0,18 mm. Jde o rozumny kompromis, ktery umozni

Key words: faster gas chromatography, headspace method, high vo-
latile beer flavours, beer

1 INTRODUCTION

Laboratories nowadays must give not only accurate and reprodu-
cible results but giving results as soon as possible is also necessary.
Analysis usually consists of sample preparation procedures followed
by proper determination and processing of measured data.

The gas chromatographic methods in combination with headspace
techniques are very often used for the determination of volatile beer
flavours. These procedures are included in official methods of many
institutions as EBC, MEBAK or IOB [1-3]. Another fast, cheep and re-
liable methods based on solid phase microextraction have been de-
veloped for the extraction of these compounds from beer as alterna-
tive to headspace procedures. For example polish authors Jelen etc.
showed comparison of solid phase microextraction and headspace
technique for the determination of some alcohols and esters in beer
[4]. Sulék and etc. described utilization of solid phase microextrac-
tion for the determination of dimethyl sulphide in beer [5].

Using of faster gas chromatography is another way for accelera-
tion of the whole analytical procedure. Since the first publication with
description of gas-liquid chromatography in 1952 [6] an attention has
been focused on improving separation speed. Theoretical and prac-
tical aspects of contemporary utilization of fast gas chromatography
are discussed in previous article [7]. A great disadvantage of com-
monly available narrow bore capillary columns with 0.1 mm of inter-
nal diameter consists in the necessity of high head pressure (600
kPa or bigger), facilitation of fast heating of chromatographic oven
and detectors with electronic enabling high sampling frequency. Not
all gas chromatographs on the market are suitable for these require-
ments. From these reasons it is a good idea to extend offer of gas
chromatographic columns with columns with 0.18 mm of internal di-
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jednak zkraceni plynové chromatografickych analyz, ale pfitom je
mozné vyuzit stavajici instrumentaci.

Z vySe uvedeného vyplyva, ze pfi pouziti velmi tenkych kolon se
zasadnim zplsobem méni témér vSechny pracovni parametry chro-
matografické separace (je nutny jiny vstupni tlak, teplotni program
a jiny split pomér). Vzhledem k tomu, Ze teorie plynové chromato-
grafie je velmi dobfe popsana [8,9], byly vyvinuty programy, které
umoznuji “pfelozit“ pracovni podminky na stavajici konvenéni koloné
na podminky vhodné pro velmi tenké kolony [10,11]. Diky tomu od-
pada slozité a hlavné ¢asové naro¢né hledani novych vhodnych pod-
minek pro separaci na novém typu kolony.

Cilem této prace bylo optimalizovat chromatografické separace na
koloné s vnitfnim pramérem 0,18 mm pro stanoveni dimethylsulfidu
a jeho prekurzor( a dale pro stanoveni acetaldehydu a tékavych es-
terd a nizSich alkoholl po extrakci headspace technikou. Parametry
téchto metod v&etné ¢asovych Uspor jsou porovnany s charakteristi-
kami metod ziskanych na konvenénich kapilarnich kolonach o vnit-
nim prameéru 0,32 mm.

2 EXPERIMENTALNI CAST

Helium v kvalité 5.0, vodik v kvalité 5.0, synteticky vzduch byly do-
dany firmou Messer, CR. Analyza probihala na plynovém chromato-
grafu Carlo Erba 5300 Mega Series s nastfikem v split modu a pla-
menoionizacnim detektorem. K chromatografu byl pfipojen smyc¢kovy
headspace davkova¢ Dani HSS 3950. Chromatografické kolony a pra-
covni podminky jsou uvedeny dale v textu.

Dimethylsulfid, ethyldimethylsulfid, acetaldehyd, mraven¢an ethyl-
naty, octan ethylnaty, octan propylnaty, octan isobutylnaty, maselnan
ethylnaty, propanol, octan butylnaty, isobutanol, octan isoamylnaty,
n-butanol, 2- a 3-methylbutanol, kapronan ethylnaty a kaprylan et-
hylnaty byly nakoupeny od firmy Sigma Aldrich, USA, ethanol od
Lach-Ner, s.r. 0., CR, ultradistd voda — Milli-RO 5plus firmy Millipore,
USA. Vzorky zakoupeného piva lezackého typu byly pfed analyzou
vychlazeny na 4 °C.

3 VYSLEDKY A DISKUSE

Pro analyzu tékavych senzoricky aktivnich latek v pivu se ¢asto
pouzivaji kolony o délce 50 az 60 m s velmi vysokym poctem teore-
tickych pater (200 000 a vice), aby bylo dosazeno uspokojivého roz-
liSeni. V nasi laboratofi se pouziva pro rutinni analyzu konvenéni ko-
lona od vyrobce J&W Scientific s fazi typu DB-WAX o tloustce filmu

Tab. 1 Pracovni chromatografické podminky pro stanoveni dimethyl-
sulfidu v pivu pro konvenéni a velmi tenkou kapilarni kolonu / Expe-
rimental chromatographic parameters for the determination of di-
methyl sulphide in beer on a conventional and on a narrow bore
column

ameter. It is reasonable compromise for time shortening of gas chro-
matographic analyses and also for simultaneous using of the current
instrumentation.

From the above mention resulted that application of narrow bore
columns changing by crucial way almost all experimental parameters
of chromatographic separation (another head pressure, temperature
program and split ratio are necessary). Due to the theory of gas chro-
matography has been described very carefully [8,9] the method trans-
lation software was developed for easy translating of operating con-
ditions from conventional columns to very narrow bore columns
[10,11]. Thank to this, no complicated and mainly time consuming se-
arching of new acceptable conditions for the separation on the new
type of column is necessary.

The aim of this work was to optimize chromatographic separations
using column with 0.18 mm of internal diameter for the determina-
tion of dimethyl sulphide and its precursors and also for acetaldehyde
and volatile esters and lower alcohols after headspace extraction. The
parameters of these methods including speed gains are compared
with parameters of procedures obtained by conventional capillary co-
lumns with 0.32 mm internal diameter.

2 EXPERIMENTAL

Helium 5.0 quality, hydrogen 5.0 quality, synthetic air (Messer,
Czech Republic) were used. Analyses were performed on Carlo Erba
5300 Mega Series gas chromatograph with split injection and flame
ionization detector (FID) equipped with loop headspace sampler unit
Dani HSS 3950. Columns and working parameters are discussed in
the text.

Dimethyl sulphide, ethylmethyl sulphide, acetaldehyde, ethyl for-
miate, ethyl acetate, propyl acetate, isobutyl acetate, isobutyl ace-
tate, ethyl butyrate, propanol, butyl acetate, isobutanol, isoamyl ace-
tate, isobutanol, isoamyl acetate, n-butanol, 2and3-methylbutanol,
ethyl caproate, ethyl caprylate were purchased from Sigma Aldrich,
USA, ethanol was obtained from Lach-Ner, s.r. 0., CR, ultrapure wa-
ter was obtained from Milli-RO 5plus made by Millipore, USA. Bott-
led commercial lager beer samples were kept cool (4 °C) until they
were analysed.

3 RESULTS AND DISCUSSION

To reach the satisfactory resolution the column with 50 up to 60 m
length and very high plate numbers (200 000 and more) are often

Tab. 2 Pracovni chromatografické podminky pro stanoveni acetalde-
hydu a tékavych ester(l a nizsich alkohol( v pivu pro konvenéni a velmi
tenkou kapilarni kolonu / Experimental chromatographic parameters
for the determination of acetaldehyde and the volatile beer flavours
on a conventional and on a narrow bore column

Kolona / Column DB WAX, 60 m, DB WAX, 20 m, Kolona / Column DB WAX, 60 m, DB WAX, 20 m,
0,32 mm, 0,18 mm, 0,32 mm, 0,18 mm,
1.D. 0,25 um 1.D. 0,18 um 1.D. 0,25 um 1.D. 0,18 um
Nastfik / Injection | Split 1:100, 200 °C | Split 1:575, 200 °C Nastfik / Injection | Split 1:100, 200 °C | Split 1:575, 200 °C
@ Bl 4 Helium Helium @y Bl 4 Helium Helium
Carrier gas Carrier gas
Vstupni tlak nosného Vstupni tlak nosného
plynu / Carrier head 150 kPa 250 kPa plynu / Carrier head 150 kPa 235 kPa
pressure pressure
Pratok nosného ply- . . Pratok nosného ply- . .
nu / Carrier flow rate 1,5 ml/min 0,87 ml/min nu / Carrier flow rate 1,5 ml/min 0,72 ml/min
Vystupni pritokova Vystupni pritokova
rychlost / Outlet 47,9 cm/s 94,7 cm/s rychlost / Outlet 47,9 cm/s 78,6 cm/s
velocity velocity
Priimérna pratokova Primérna pratokova
rychlost / Average 26 cm/s 37 cm/s rychlost / Average 26 cm/s 33,4 cm/s
velocity velocity
Teplotni program / 2 O% (3 "_“") 9 °C°(1 ”?‘”) Teplotni program / e 02 (@ ”_“") 9 000(1 ”?‘”)
Oven program — 10 °C/min — — 34 °C/min — Oven program —10 °C/min — — 30 °C/min —
60 °C (0 min) 60 °C (0 min) 135 °C (0 min) 135 °C (0 min)
Detektor / Detector FID, 250 °C FID, 250 °C Detektor / Detector FID, 250 °C FID, 250 °C
Doba analyzy / . . Doba analyzy / . .
Analysis time 2,95 min 1,06 min Analysis time 12,30 min 4,97 min
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Obr. 1 Stanoveni dimethylsulfidu v pivu A) na koloné J&W Scietific DB WAX, 60 m, 0,32 mm vnitfniho priiméru a 0,25 um tloustce filmu a B)
na koloné J&W Scietific DB WAX, 20 m, 0,18 mm vnitfniho priméru a 0,18 um tloustce filmu. 1 — dimethylsulfid, 2 — ethylmethylsulfid (vnitfni
standard) / Fig. 1 Determination of dimethyl sulphide in beer A) on a 60 m x 0.32 mm i. d., 0.25 um film thickness, J&W Scientific DB-WAX
column and B) on a 20 m x 0.18 mm, i. d. 0.18 um film thickness, J&W Scientific DB-WAX column. 1 — dimethy! sulphide, 2 — ethylmethy!

sulphide (internal standard)
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0,25 um, délce 60 m a vnitfnim priméru 0,32 mm. Jako ,narrow bore
kolona byla pouzita kolona J&W Scientific se stejnou fazi DB-WAX
o tloustce filmu 0,18 um, délce 20 m a vnitfnim prméru 0,18 mm.
Pracovni podminky pro tenkou kolonu byly vypocitany pomoci pre-
kladového software volné pfistupného na internetovych strankach
firmy Agilent Technologies. Podminky méfeni pro oba typy kolon jsou
pro stanoveni dimethylsulfidu uvedeny v tab. 1. Tab. 2 uvadi podminky
méfeni pro stanoveni acetaldehydu a dal$ich tékavych estert a niz-
Sich alkoholl v pivu.

Na obr. 1je porovnani chromatogramt analyzy dimethylsulfidu v re-
alnych vzorcich piv na obou kolonach. Obr. 2 ukazuje chromatogra-
fické zaznamy ziskané z obou typ( kolon pfi analyze piva na acetal-
dehyd a tékavé estery a alkoholy. Uvedené obrazky dokladaji
ocekavanou skute¢nost, ze chromatografické rozliSeni je na obou ko-
lonach velmi podobné. Z uvedenych chromatogramt je také jasné
patrné vyrazné zkraceni doby analyzy.

Z retencnich ¢asu posledniho piku na chromatogramu Ize ur¢it fak-
tor, ktery vyjadfuje Casovy zisk pfi pouziti tenké kapilarni kolony. Srov-
nani skute¢ného Casového zisku uréeného z retencnich ¢asl po-
slednich pikll a teoreticky vypoc&itaného pomoci prekladového
software pro obé headspace metody je uvedeno v tab. 3. Rozdily mezi

used for the determination of volatile beer flavours. In our laboratory
the 60 m x 0.32 mm of internal diameter fused silica capillary column
of J&W Scientific DB-WAX with 0.25 um film thickness is used for
routine analyses. As narrow bore column the 20 m x 0.18 mm of in-
ternal diameter column of J&W Scientific DB-WAX with 0.18 um film
thickness was used. The working conditions for narrow bore column
were calculated by using the method translation software free avai-
lable on Agilent Technologies web sites. The experimental conditions
for both type of columns for the determination of dimethyl sulphide
are shown in Tab. 1. The experimental parameters for the determi-
nation of acetaldehyde and other volatile esters and lower alcohols
in beer are shown in Tab. 2.

Chromatograms of dimethyl sulphide determination in beer mea-
sured on both type of columns are compared in Fig. 1. Fig. 2 shows
the comparison of chromatograms from both type of used columns
for the determination of acetaldehyde and volatile esters and alco-
hols in beer. These figures confirm expected fact that chromatograp-
hic resolution is very similar on both type of columns. Significant ana-
lysis time shortening is clearly evident from these chromatograms.

From the retention time of the last eluting peak in chromatogram,
a speed gain factor can be calculated. The comparisons of real and

Tab. 3 Porovnani skute¢nych a teoretickych ¢asovych ziskl vyjadtujicich zrychleni analyzy pfi stanoveni vysoce tékavych latek v pivu head-
space metodou / The comparison of real and predicted speed gains for the headspace determination of some volatile beer flavours

Skutecény zisk / Vypocteny zisk /
Real speed gain Calculated speed gain

Stanoveni dimethylsulfidu / Determination of dimethylsulphide

DB WAX, 60 m, 0,32 mm [.D. 0,25 um versus 2,8 3,3

DB WAX, 20 m, 0,18 mm I.D. 0,18 um

Stanoveni acetaldehydu a tékavych esterll a alkoholll / Determination of

acetaldehyde and volatile beer flavours

DB WAX, 30 m, 0,32 mm |.D. 0,25 um versus 2,5 3,0

DB WAX, 10 m, 0,18 mm 1.D. 0,18 um
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Obr. 2 Stanoveni tékavych latek v pivu A) na koloné J&W Scietific DB WAX, 60 m, 0,32 mm vnitfniho priméru a 0,25 um tloustce filmu a B)
na koloné J&W Scietific DB WAX, 20 m, 0,18 mm vnitfniho priméru a 0,18 um tloustce filmu. 1 — acetaldehyd, 2 — mravencan ethylnaty, 3
— octan ethylnaty, 4 — octan propylnaty, 5 — octan isobutylnaty, 6 — maselnan ethylnaty, 7 — propanol, 8 — octan butylnaty, 9 — isobutanol, 10
— octan isoamylnaty, 11 — n-butanol (vnitfni standard), 12 — 2 a 3-methylbutanol, 13 — kapronan ethylnaty, 14 — kaprylan ethylnaty / Fig. 2
Determination of volatile beer flavours A) on a 60 m x 0.32 mm i. d., 0.25 um film thickness, J&W Scientific DB-WAX column and B) on
a20mx 0.18 mm i. d., 0.18 um film thickness, J&W Scientific DB-WAX column. 1 — acetaldehyde, 2 — ethyl formiate, 3 — ethyl acetate, 4 —
propyl acetate, 5 — isobutyl acetate, 6 — ethyl butyrate, 7 — propanol, 8 — butyl acetate, 9 — isobutanol, 10 — isoamyl acetate, 11 — n-butanol
(internal standard), 12 — 2 and 3-methylbutanol, 13 — ethyl caproate, 14 — ethyl caprylate
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skute€nou a teoretickou hodnotou Ize vysvétlit tim, ze pfi matema-  predicted speed gains from the method translation software for all
tickém vypoc&tu se neuvazuje se skuteénou délkou kolon, kterd se od  headspace methods are given in Tab. 3. The differences between real
deklarované muze lisit. Zejména konvenéni kolona o vnitinim pri-  and theoretical values can be probably explained by this: for the theo-
méru 0,32 mm byla mnohokrat zkracovana. Pokud bychom pocitali  retical calculation it does not consider that the real column length
s opravdovou délkou pouzitych kolon, shoda by byla lepsi. could be different from the declared column. Especially conventional
PFi chromatografické analyze je velmi dllezité z hlediska kvalita-  column with 0.32 mm of internal diameter has been cut down seve-
tivniho rozboru, aby byly dobfe reprodukovatelné retencni ¢asy jed-  ral times. If calculations have been done with real lengths the corre-
notlivych latek. Pro kvantitativni analyzu je podstatné, aby zlstaval lation could be better.
konstantni pomér jednotlivych latek u téhoz analyzovaného vzorku. During chromatographic analyses it is very important that reten-
Za timto ucelem bylo provedeno sedmkrat opakované méfeni stej-  tion times should stay constant for qualitative data as also the rela-
ného vzorku na obou kolonach pro obé headspace analyzy.V tab. 4  tive sample composition need for quantitative data. To test this seven
jsou uvedeny retencni ¢asy a relativni plochy (vzhledem k celkové times repeating analyses of the same beer sample were done for
ploSe integrovanych pikt) chromatografickych pikl. Jak je vidét ztéto ~ each headspace methods on both columns. Tab. 4 gives the reten-
tabulky, reprodukovatelnost, vyjadiena jako relativni smérodatna od-  tion times and peak areas. As we can see from this table the repro-
chylka (RSD %), retenénich ¢asl je mensi nez 0,4 % pro konvenéni  ducibility (expressed as RSD %) of retention times is better than 0.4 %
kolonu a lepsi nez 0,5 % v pfipadé tenké kolony pro obé metody sta-  for conventional column and better tan 0.5 % in case of narrow bore
noveni. Relativni smérodatna odchylka ploch jednotlivych stanove-  column for both methods. The relative standard deviation on peak
nych latek vykazuje hodnoty lepSi nez 3 % pro konvenéni kolonu  areas of compounds of interest are better than 3 % for conventional
a lepSi nez 4 % pro tenkou kolonu. Rozdily jsou tedy statisticky ne-  column and better than 4 % for the narrow bore column. The diffe-

vyznamné. rences are statistically insignificant.
4 ZAVER 4 CONCLUSIONS
Bylo dokézano, Ze kapilarni kolony pro plynovou chromatografii The fused capillary columns for gas chromatography with new in-

s novym rozmérem vnitfniho priméru 0,18 mm je mozné s Uspé-  ternal diameter — 0.18 mm — could be successfully used for head-
chem pouzit pro headspace stanoveni velmi tékavych senzoricky ak- ~ space determination of very volatile beer flavours. These capillary co-
tivnich latek v pivu. Tento typ kolon poskytuje v porovnani s klasic-  lumns give similar working parameters as convention columns with
kymi kapilarnimi kolonami s vnitfnim prmérem 0,32 mm srovnatelné ~ 0.32 mm of internal diameter but the run time is reduced by 65 %
pracovni charakteristiky a pfitom vlastni ¢as analyzy zkracuji 0 65 %  and by 60 % for the determination of dimethyl sulphide and acetal-
v pfipadé stanoveni dimethylsulfidu a 0 60 % v pfipadé stanoveni  dehyde and volatile esters and alcohols, respectively. Though the to-
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Tab. 4 Srovnani retenénich ¢asu (t,) a relativnich ploch sledovanych tékavych latek v pivu na obou typech kapilarnich kolon / Comparison of
retention times (t,) and relative peak areas of volatile beer flavours obtained on both type of capillary column

Sloucenina / DB WAX, 60 m, 0,32 mm I.D. 0,25 um DB WAX, 20 m, 0,18 mm I.D. 0,18 um
Compound tr (min) | RSD (%)| Plocha / Area (%) | RSD (%)| tr (min) | RSD (%)| Plocha /Area (%) | RSD (%)
Dimethylsulfid /

Dimethyl sulphide 2.65 0.16 - 1 0.89 0.29 - 2.4
Ethylmethylsulfid /

Ethylmethy! sulphide 2.96 0.20 - 25 1.06 0.19 - 2.8
Acetaldehyd / Acetaldehyde 2.49 0.18 10.9 0.9 0.84 0.10 9.4 0.9
Mravenéan ethylnaty /

Ethyl formiate 2.87 0.17 0.9 23 1.04 0.40 0.7 25
Octan ethylnaty / Ethyl acetate 3.29 0.18 10.8 0.6 1.28 0.24 11.4 0.5
Octan propylnaty /

Propyl acetate 4.21 0.25 0.1 2.8 1.73 0.13 0.1 2.7
Octan isobutylnaty /

Isobutyl acetate 4.76 0.21 0.1 2.4 1.97 0.21 0.1 2.6
Maselnan ethylnaty /

Ethyl butyrate 5.14 0.18 0.1 2.7 212 0.26 0.1 25
Propanol 5.27 0.20 8.3 1.1 2.16 0.19 8.4 1.2
Octan butylnaty / Butyl acetate 5.78 0.34 <0.1 3.5 2.37 0.35 <0.1 3.8
Isobutanol 6.26 0.46 11.2 1.8 2.58 0.14 10.6 1.6
Octan isoamylnaty /

Isoamyl acetate 6.65 0.12 1.1 1.9 2.70 0.23 1.2 1.8
n-butanol (vnitfni standard) /

(internal standard) 7.25 0.16 - 1.9 2.92 0.45 - 2.1
2 and 3-methylbutanol 8.39 0.15 55.2 0.8 3.34 0.16 57.2 0.6
Kapronan ethylnaty /

Ethyl caproate 8.77 0.17 0.5 1.7 3.49 0.45 0.2 1.8
Kaprylan ethylnaty /

Ethyl caprylate 12.29 0.10 0.8 2.1 4.97 0.21 0.6 2.2

acetaldehydu a tékavych ester(i a alkoholl. | kdyz celkova ¢asova
Uspora je mensi vzhledem k dobé nutné ke zchlazeni chromatogra-
fické pece na pUvodni teplotu — tato doba se zménou kolony neméni
— i tak jde o vyznamné zrychleni analyzy. Tim se zvySuje kapacita la-
boratofe a navic je mozné vyuzit stavajicich plynovych chromatograf
na rozdil od nasazeni velmi tenkych kapilarnich kolon s vnitfnim pra-
mérem 0,10 mm.
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