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Pouziti kiemennych kapilarnich kolon s novym rozmérem vnitfniho prdméru 0,18 mm umoznuje zkratit dobu plynové chromatografické
analyzy, aniz by do$lo ke zhor$eni u€innosti separace. PfedloZzena studie se zabyva vyuzitim téchto kolon v porovnani s bézné pouziva-
nymi kolonami o vnitfnim priiméru 0,32 mm pfi stanoveni nékterych senzoricky aktivnich latek v pivu, jako jsou mastné kyseliny (kyselina
isomaselna, maselna, isovalerova, valerova, kapronova, kaprylova, pelargonova, kaprinova, laurova, myristova, palmitovd, stearova, ole-
jova, linolova, linoleovd) a nékteré vyssi alkoholy. Tyto latky byly z matrice vyextrahovany extrakci na pevné fazi nebo extrakci v systému
kapalina-kapalina po destilaci s vodni parou. K detekci byl pouzit plamenoioniza¢ni detektor.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvofak, J. — Haskova, D.: Faster gas chromatography and its utilization
in brewing. Part 3. — The determination of some low volatile beer flavours. Kvasny Prum. 55, 2009, No. 11-12, p. 304—-309.

Shortening of gas chromatography run time without losing of separation efficiency is available by using of silica capillary columns with
new size of internal diameter — 0.18 mm. This work is focussed on application of these narrow bore columns and their comparisons with
usually applied columns with 0.32 mm of internal diameter for the determination of some beer flavours as fatty acids (isobutyric, butyric,
isovaleric, valeric, caproic, caprylic, pelargonic, capric, lauric, myristic, palmitic, stearic, oleic, linoleic, linolenic acids) and some higher al-
cohols. These compounds were extracted from beer matrix by solid phase extraction methods or by steam distillation followed liquid-liquid
extraction procedures. Flame ionization detector was used for the detection of these analytes.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — DvoFak, J. — Haskova, D.: Eine schnellere Gaschromatographie und ihre
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Die Anwendung der quarzhaltigen Kapillarkolonnen mit dem neuen Abmessen inneres Diameters ID = 0,18 mm ermdéglicht eine Verkdir-
zung der Gaschromatographieanalyse ohne irgendeiner Verschlechterung der Separationswirksamkeit. Der Artikel befasst sich mit einer Aus-
nutzung von diesen Kolonnen im Vergleich mit den laufend benltzten Kolonnen mit ID = 0,32 mm wéahrend der Feststellung von einigen sen-
sorisch aktiven Substanzen im Bier, wie Fettsduren (Isobutterséure, Buttersaure, Isovaleriansaure, Valeriansaure, Capronséure, Caprylséure,
Pelargonséure, Caprinséure, Laurinséure, Myristinsaure, Palmitinsaure, Stearinséure, Olsdure, Linoleinséure, Linolensdure) und einige
héhere Alkohole. Aus der Matrize wurden diese Stoffe durch Extraktion auf der festen Phase oder durch die Extraktion im System Flussig-

keit — FlUssigkeit nach der Destillation mit Wasserdampf extrahiert. Zur Detektion wurde ein Flammenionisierbarer Detektor angewandt.

Kli¢ova slova: rychlejsi plynova chromatografie, senzoricky aktivni
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1 UvoD

Urychleni celého analytického postupu pfi stanoveni konkrétnich
latek je cilem prakticky vSech laboratofi. Za timto u¢elem se vyvijeji
nejenom jednodussi, rychlejsi, a pokud mozno i levnéjsi postupy pro
pfipravu vzorku, ale také i metody vlastniho stanoveni.

Pro stanoveni senzoricky aktivnich latek v pivu, jako jsou mastné
kyseliny nebo vy$&i alkoholy, se s vyhodou pouzivaji plynové chro-
matografické metody. Pfed vlastnim plynové chromatografickym sta-
novenim je v8ak nutné sledované latky z piva vyextrahovat, zakon-
centrovat a pfipadné odstranit interferujici latky. K tomu se ¢asto
pouzivaji destilaéni metody s naslednou extrakci destilatu organic-
kym rozpoustédlem [1,2] nebo pfimo extrakce v systému kapalina-
kapalina [3]. Tyto pfedevsim ¢asové naroéné postupy pripravy vzorkul
Ize Uspésné nahradit extrakci na pevné fazi [4,5], mikroextrakci na
pevné fazi [6-9] nebo extrakci na michaci ty¢ince [10].

Jinou moznosti zkraceni celkové doby analytického stanoveni je
urychleni plynové chromatografické separace vyuzitim rychlejsi ply-
nové chromatografie. Pfedchazejici ¢lanky popisovaly teoretické
moznosti pouZiti rychlejsi plynové chromatografie a jejiho praktic-
kého uplatnéni pfi stanoveni tékavych senzoricky aktivnich latek
v pivu [11,12]. K tomu byla vyuzita kolona s novym rozmérem vnitf-
niho prdméru 0,18 mm, kterou je mozné pouzit ve spojeni se sta-
vajicim vybavenim plynovych chromatografl. Pracovni podminky na
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1 INTRODUCTION

Quick getting of analytical results is the aim of almost all labora-
tories. So new simply faster and preferably low cost sample prepa-
ration procedures are developed together with new methods for pro-
per determinations.

Gas chromatographic methods are often used for the determina-
tion of beer flavours as fatty acids or higher alcohols. Sample pre-
paration procedures are necessary for extraction concentration and
or clean-up. Steam distillation followed liquid-liquid extraction by
organic solvent [1,2] or direct liquid-liquid extraction are often used
[3]. These sample preparation procedures are time consuming. So-
lid phase extraction [4,5], solid phase microextraction [6-9] or stir bar
sorptive extraction methods could be used successfully instead of
these above mentioned methods [10].

Another way for acceleration of the whole analytical procedure lies
in using of faster gas chromatography. In previous articles theoreti-
cal aspects of contemporary utilization of faster gas chromatography
together with practical applications in the determinations of volatile
beer flavours were discussed [11,12]. The new gas chromatograp-
hic capillary column with 0.18 mm of internal diameter was tested.
This type of columns can be used with the current instrumentation
of gas chromatographs. The working conditions of these narrow bore
columns can be easy translating from operating conditions of con-
ventional columns by the method translation software [13,14].
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téchto velmi tenkych kolonach Ize velmi jednodu$e ziskat ,pfeloze-
nim“podminek na stavajici konvenéni koloné pomoci ,prekladového*
software [13,14].

Tato prace se zabyva aplikaci chromatografické kolony o vnitfnim
priméru 0,18 mm pro stanoveni nékterych senzoricky aktivnich la-
tek v pivu, jako jsou nizSi mastné kyseliny (kyselina isomaselnd, ma-
selna, isovalerova, valerova, kapronova, kaprylova, pelargonova,
kaprinova), vy$s$i mastné kyseliny ve formé jejich methylester( (ky-
selina laurova, myristova, palmitovéd, stearova, olejova, linolova, li-
noleova) a nékteré vyssi alkoholy. Pracovni podminky a vysledky
téchto novych metod véetné ¢asovych Uspor jsou porovnany s cha-
rakteristikami metod ziskanych na konvencénich kapilarnich kolonach
0 vnitfnim prdméru 0,32 mm.

2 EXPERIMENTALNI CAST

Helium v kvalité 5.0, vodik v kvalité 5.0, synteticky vzduch byly do-
dany firmou Messer, CR. Analyzy probihaly na plynovém chromato-
grafu Chrompack CP 9001 s nastfikem v délicim modu a plameno-
ioniza¢nim detektorem. Chromatograf byl osazen automatickym
davkovacem vzorkd Labio ASG 40. Chromatografické kolony a pra-
covni podminky pro jednotlivé druhy analyz jsou uvedeny dale
Vv textu.

Kyseliny isoméselna, maselnd, isovalerova, valerova, kapronova,
heptanova, kaprylova, pelargonova, kaprinova, laurova, tridekanova,
myristova, pentadekanovd, palmitova, heptadekanovd, stearova,
olejova, linolova, linoleova, ethylhexanol, furfurylalkohol, B-fenylet-
hanol, 4-ethylfenol byly zakoupeny od firmy Sigma Aldrich, USA. De-
rivatizaéni €inidlo boron trifluorid — 10% v methanolu bylo ziskano
od firmy Aldrich, USA. Hexan, dichlormethan od firmy Merck, Né&-
mecko. Vzorky piva byly z maloobchodni sité.

3 VYSLEDKY A DISKUSE

Pro analyzu senzoricky aktivnich latek v pivu, jako jsou mastné
kyseliny nebo vy$Si alkoholy, se ¢asto pouzivaji kolony o délce 30

Tab. 1 Pracovni chromatografické podminky pro stanoveni nizSich
volnych mastnych kyselin a vysSich mastnych kyselin ve formé
methylesterl v pivu pro konvenéni a velmi tenkou kapilarni kolonu /
Experimental chromatographic parameters for the determination of
free low-chain fatty acids and higher fatty acids as methylesters in
beer on a conventional and on a narrow bore column

Kolona / Column DB WAX, 30 m, DB WAX, 10 m,
0.32 mm, 0.18 mm,
I.D. 0.25 um I.D. 0.18 um
Nastfik / Injection Split 1:10, 250 °C Split 1:130, 250 °C
Nosny plyn / Helium Helium
Carrier gas
Vstupni tlak nosného
plynu / Carrier head 150 kPa 200 kPa
pressure
Pratok nosného ply- . .
nu / Carrier flow rate 4.2 ml/min 1.4 mi/min
Vystupni pritokova
rychlost / Outlet 116 cm/s 125 cm/s
velocity
Primérna pratokova
rychlost / Average 63 cm/s 65 cm/s

velocity

120 °C (2 min) 120 °C (0,8 min)

Teplotni program /

— 30 °C/min — — 50 °C/min —
Oven program 200 °C (5 min) 200 °C (2 min)
Detektor / Detector FID, 220 °C FID, 220 °C
Doba analyzy / . .
Analysis time 6.67 min 3.19 min
Niz$i mastné kyseliny
| Low-chain fatty acids 8.12 min 1.05 min

Vys$8i mastné kyseliny
/ High fatty acids

This study is focused on application of the capillary column with
0.18 mm of internal diameter for the determination of some beer fla-
vours as free medium-chain fatty acids (isobutyric, butyric, isovale-
ric, valeric, caproic, caprylic, pelargonic, capric acids) and methy-
lesters of lauric, myristic, palmitic, stearic, oleic, linoleic, linolenic
acids and some higher alcohols. The parameters of these methods
including speed gains are compared with parameters of procedures
obtained by conventional capillary columns 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 Chrom-
pack CP 9001 gas chromatograph with split injection and flame io-
nization detector (FID) equipped with liquid autosampler unit Labio
ASG 40. Columns and working parameters are discussed in the text.

Isobutyric, butyric, isovaleric, valeric, caproic, heptanoic, caprylic,
pelargonic, capric, undecanoic, lauric, tridecanoic, myristic, penta-
decanoic, palmitic, stearic, oleic, linoleic, linolenic acids, ethylhexa-
nol, furfurylalcohol, B-phenylethanol, 4-ethylphenol were obtained
from Sigma Aldrich, USA. Derivatization agent boron trifluoride —
10% in methanol was purchased from Aldrich, USA. Hexane and di-
chlormethane were obtained from Merck, Germany. Bottled com-
mercial lager beer samples were bought on market.

3 RESULTS AND DISCUSSION

To reach the satisfactory resolution the column with 30 up to 60 m
length and very high plate numbers are often used for the determi-
nation of fatty acids and higher alcohols in beer The fatty acids are
determinated in two separate analyses in our laboratory. At first the
free low-chain fatty acids are determined and in an another step the
higher fatty acids are analyzed as methyl esters. The 60 m x 0.32
mm of internal diameter fused silica capillary column of J&W Sci-
entific DB-WAX with 0.25 um film thickness is used for routine ana-
lyses in both cases. The temperature program and other parameters
of gas chromatographic determination are the same for both analy-
ses. As narrow bore column the 10 m x 0.18 mm of internal diame-
ter column of J&W Scientific DB-WAX with 0.18 um film thickness
was used. The working conditions for narrow bore column were cal-

Tab. 2 Pracovni chromatografické podminky pro stanoveni vysSich
alkoholU v pivu pro konvenéni a velmi tenkou kapilarni kolonu / Ex-
perimental chromatographic parameters for the determination of hig-
her alcohols in beer on a conventional and on a narrow bore column

Kolona / Column DB WAX, 30 m, DB WAX, 10 m,
0.32 mm, 0.18 mm,
I.D. 0.25 um I.D. 0.18 um
Nastfik / Injection Split 1:10, 240 °C | Split 1:200, 240 °C
Nosny plyn / Helium Helium
Carrier gas
Vstupni tlak nosného
plynu / Carrier head 150 kPa 205 kPa
pressure
Pratok nosného ply- . .
e e 4.2 ml/min 2.4 ml/min
Vystupni pritokova
rychlost / Outlet 104 cm/s 185 cm/s
velocity
Primérna pratokova
rychlost / Average 60 cm/s 85 cm/s
velocity
Teplotni program / 80 09 (1 m‘") 80°C 50'3 '.“‘”)
Oven program — 8 °C/min - — 27 °C/min -
240 °C (3 min) —240 °C (0,9 min)
Detektor / Detector FID, 250 °C FID, 250 °C
Doba analyzy / : .
Analysis time 11.14 min 4.43 min
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Obr. 1 Stanoveni volnych niz8ich mastnych kyselin v pivu A) na koloné J&W Scietific DB WAX, 30 m, 0,32 mm vnitfniho prdméru a 0,25
um tloustce filmu a B) na koloné J&W Scietific DB WAX, 10 m, 0,18 mm vnitfniho priméru a 0,18 um tloustce filmu. 1 — isoméaselna kyse-
lina, 2 — maselna kyselina, 3 — isovalerova kyselina, 4 — valerova kyselina, 5 — kapronové kyselina, 6 — heptanova kyselina (vnitfni stan-
dard), 7 — kaprylova kyselina, 8 — pelargonova kyselina, 9 — kaprinova kyselina / Fig. 1 Determination of free low-chain fatty acids in beer
A)ona30mx0,32mmi.d., 0,25 um film thickness, J&W Scientific DB-WAX column and B) ona 10 m x 0,18 mm i. d., 0,18 um film thick-
ness, J&W Scientific DB-WAX column. 1 — isobutyric acid, 2 — butyric acid, 3 — isovaleric acid, 4 — valeric acid, 5 — caproic acid, 6 — hep-

tanoic acid (internal standard), 7 — caprylic acid, 8 — pelargonic acid, 9 — capric acid
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az 60 m s velmi vysokym poc¢tem teoretickych pater, aby bylo do-
sazeno uspokojivého rozliSeni. V nasi laboratofi se mastné kyseliny
stanovuji ve dvou analyzach. Nejprve niz§i mastné kyseliny jako
volné a dale pak vy$si mastné kyseliny ve formé jejich methylester(.
K obéma analyzam se pouziva konvenéni kolona od vyrobce J&W
Scientific s fazi typu DB-WAX o tloustce filmu 0,25 um, délce 30 m
a vnitfnim prdmeéru 0,32 mm. Také teplotni program a dalsi para-
metry plynové chromatografického stanoveni jsou pro oba typy ana-
lyzy stejné. Stanoveni vy$Sich alkoholll probiha rovnéz na stejné ko-
loné, ale za jinych podminek. Jako ,narrow bore* kolona byla pouzita
kolona J&W Scientific se stejnou fazi DB-WAX o tloustce filmu
0,18 um, délce 10 m a vnitfnim prméru 0,18 mm. Pracovni pod-
minky pro tenkou kolonu byly vypocitany pomoci pfekladového soft-
ware volné pfistupného na internetovych strankach firmy Agilent
Technologies. Podminky méfeni pro oba typy kolon jsou pro stano-
veni mastnych kyselin uvedeny v tab. 1. Tab. 2 uvadi podminky meé-
feni pro stanoveni vys$Sich alkohold v pivu.

Na obr. 1 je porovnani chromatogram( analyzy nizsich mastnych
kyselin v redlném vzorku piva na obou kolonach. Obr. 2 ukazuje chro-
matografické zdznamy ziskané z obou typl kolon pfi analyze vys$-
Sich mastnych kyselin jako jejich methylestera v pivu. Obr. 3 porov-
nava chromatogramy namérené na vy$e uvedenych typech kolon pfi
stanoveni obsahu vy$Sich a aromatickych alkohol(l v pivu. Uvedené
obrazky dokladaji oéekavanou skutecnost, ze chromatografické roz-
liSeni je na obou kolonach velmi podobné. Z uvedenych chromato-
gramU je také jasné patrné vyrazné zkraceni doby analyzy.

Z retenénich ¢ast posledniho piku na chromatogramu Ize urcit fak-
tor, ktery vyjadfuje Casovy zisk pfi pouZiti tenké kapilarni kolony.
Srovnani skute¢ného ¢asového zisku uréeného z retenénich ¢asu
poslednich pikl a teoreticky vypocitaného pomoci prekladového soft-
ware pro stanoveni nizSich mastnych kyselin, vy$Sich mastnych ky-
selin a vysSich alkohold je uvedeno v tab. 3. Rozdily mezi skute¢-

culated by using the method translation software free available on
Agilent Technologies web sites. The experimental conditions for both
types of columns for the determination of fatty acids are shown in
Tab. 1. The experimental parameters for the determination of higher
alcohols in beer are shown in Tab. 2.

Chromatograms of free low-chain fatty acids determined in real
beer sample measured on both type of columns are compared in
Fig. 1. Fig. 2 shows the comparison of chromatograms from both ty-
pes of used columns for the determination of high fatty acids as well
as their methyl esters in beer. Fig. 3 compares chromatograms me-
asured on both type of columns for the analysis of higher alcohols
in beer. These figures confirm expected fact that chromatographic
resolution is very similar on both types of columns. Significant ana-
lyses 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
predicted speed gains from the method translation software for the
determination of low and high chain fatty acids and higher alcohols
are given in Tab. 3. The differences between real and theoretical va-
lues can be probably explained by this: for the theoretical calcula-
tion it does not consider that the real column length could be diffe-
rent from the declared column. The conventional column with
0.32 mm of internal diameter has been used in our laboratory for
long time and it has been cut down several times. If calculations have
been done with real lengths the correlation could be better.

During chromatographic analyses it is very important that reten-
tion times should stand constant for qualitative data as also the re-
lative sample composition need for quantitative data. To test this se-
ven times repeating analyses of the same beer sample were done
for each fatty acid and higher alcohol determinations on both co-
lumns. Tab. 4 gives the retention times and chromatographic peaks
areas. As we can see from this table the reproducibility of retention
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Obr. 2 Stanoveni vys$sich mastnych kyselin jako methylesterd v pivu A) na koloné J&W Scietific DB WAX, 30 m, 0,32 mm vnitfniho priméru
a 0,25 um tloustce filmu a B) na koloné J&W Scietific DB WAX, 10 m, 0,18 mm vnitfniho prdméru a 0,18 um tloustce filmu. 1 — laurova ky-
selina, 2 — tridekanova kyselina (vnitfni standard), 3 — myristova kyselina, 4 —pentadekanova kyselina (interni standard), 5 — palmitova ky-
selina, 6 — heptadekanova kyselina (vnitfni standard), 7 — stearova kyselina, 8 — olejova kyselina, 9 — linolova kyselina, 10 — linoleova ky-
selina / Fig, 2 Determination of high fatty acids as methylesters in beer A) on a 30 m x 0,32 mm i. d., 0,25 um film thickness, J&W Scientific
DB-WAX column and B) ona 10 m x 0,18 mm i. d., 0,18 um film thickness, J&W Scientific DB-WAX column. 1 — lauric acid, 2 — trideca-
noic acid (internal standard), 3 — myristic acid, 4 — pentadecanoic acid (internal standard), 5 — palmitic acid, 6 — heptadecanoic acid (in-
ternal standard), 7 — stearic acid, 8 — oleic acid, 9 — linoleic acid, 10 — linolenic acid
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nou a teoretickou hodnotou Ize vysvétlit tim, Ze pfi matematickém
vypoctu se neuvazuje skute€na délka kolony, ktera se od deklaro-
vané muze lisit. Konvenéni kolona o vnitfnim priiméru 0,32 mm byla
jiz mnohokrat zkracovana. Pokud bychom pocitali s opravdovou dél-
kou pouzitych kolon, shoda by byla lep$i.

P¥i chromatografické analyze je velmi dllezité z hlediska kvalita-
tivniho rozboru, aby byly dobfe reprodukovatelné retenéni ¢asy jed-
notlivych latek. Pro kvantitativni analyzu je podstatné, aby zustaval
konstantni pomér jednotlivych latek pfi opakované analyze téhoz
vzorku. Za timto Ucelem bylo provedeno sedmkrat opakované mé-
Sich mastnych kyselin a vy$sich alkohol(. V tab. 4 jsou uvedeny re-
tenéni Casy a relativni plochy (vzhledem k celkové ploSe
integrovanych pik() chromatografickych pika. Jak je vidét z této ta-
bulky, reprodukovatelnost, vyjadfena jako relativni smérodatna od-

times is better than 0.2 % for conventional column and better than
0.25 % in case of narrow bore column for both methods. The rela-
tive standard deviation on peak areas of compounds of interest are
better than 5 % for conventional column and better than 7 % for the
narrow bore column. The differences are statistically insignificant.

4 CONCLUSIONS

This study has showed that the fused silica capillary columns for
gas chromatography with new internal diameter — 0.18 mm — could
be successfully used also for other brewing determinations as low
or higher chain fatty acids or higher alcohols in beer. These capil-
lary columns give similar working characteristics as convention co-
lumns with 0.32 mm of internal diameter but the run time is reduced

lin a vyssich alkoholl v pivu / The comparison of real and predicted speed gains for the determination of free low-chain fatty acids and hig-

her fatty acids and higher alcohols in beer

Skutecny zisk / Vypocteny zisk /
Real speed gain Calculated speed gain

Stanoveni niz8ich mastnych kyselin / Determination of free low-chain atty acids

DB WAX, 30 m, 0.32 mm I.D. 0.25 um versus 2.08 2.4

DB WAX, 10 m, 0.18 mm I.D. 0.18 um

Stanoveni vyssich mastnych kyselin / Determination of higher fatty acids

DB WAX, 30 m, 0.32 mm I.D. 0.25 um versus 2.01 2.4

DB WAX, 10 m, 0.18 mm I.D. 0.18 um

Stanoveni vyssich alkoholl / Determination of higher alcohols

DB WAX, 30 m, 0.32 mm |.D. 0.25 um versus 2.51 3.33

DB WAX, 10 m, 0.18 mm I.D. 0.18 um
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Obr. 3 Stanoveni vysSich alkoholl v pivu A) na koloné J&W Scietific DB WAX, 30 m, 0,32 mm vnitfniho prdméru a 0,25 um tloustce filmu
a B) na koloné J&W Scietific DB WAX, 10 m, 0,18 mm vnitfniho praméru a 0,18 um tloustce filmu. 1 — ethylhexanol, 2 — furfurylakohol, 3
— B-fenylethanol, 4 — 4-ethylfenol (vnitfni standard) / Fig. 3 Determination of higher alcohols in beer A) on a 30 m x 0,32 mm i. d., 0,25 um
film thickness, J&W Scientific DB-WAX column and B) on a 10 m x 0,18 mm i. d., 0,18 um film thickness, J&W Scientific DB-WAX column.
1 — ethylhexanol, 2 — furfurylalcohol, 3 — B-phenylethanol, 4 — 4-ethylphenol (internal standard)
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chylka (RSD %), retenc¢nich ¢asu je lepsi nez 0,2 % pro konvenéni
kolonu a lep&i nez 0,25 % v pfipadé tenké kolony pro obé metody
stanoveni. Relativni smérodatna odchylka pro plochu stanovovanych
latek vykazuje hodnoty lepSi nez 5 % pro konvencéni kolonu a lepsi
nez 7 % pro tenkou kolonu. Rozdily jsou tedy statisticky nevyznamné.

4 ZAVER

PredloZena prace ukazala, ze kapilarni kolony pro plynovou chro-
matografii s novym rozmérem vnitfniho prdméru 0,18 mm je mozné
s Uspéchem vyuzit i v dalSich pivovarskych rozborech jako je sta-
holl v pivu. Tento typ kolon poskytuje srovnatelné pracovni charak-
teristiky jako klasické kapilarni kolony s vnitfnim primérem 0,32 mm
a pfitom vlastni ¢as analyzy zkracuje o0 52 % v pfipadé stanoveni
nizsich mastnych kyselin, o 50 % v pfipadé vysSich mastnych ky-
selin a 0 60 % pfi uréeni obsahu vy$sich alkoholl v pivu. Vysledna
Casova Uspora je sice mensi vzhledem k dobé nutné ke zchlazeni
chromatografické pece na puvodni teplotu — tato doba se zménou
kolony nikterak neméni — i tak ale jde o vyznamné zrychleni analyzy.
V disledku toho se zvySuje kapacita laboratofe a navic je mozné
vyuzit stavajicich plynovych chromatografl na rozdil od nasazeni
velmi tenkych kapilarnich kolon s vnitfnim primérem 0,10 mm, které
vyZaduji specialni instrumentaci.
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by 52 % and by 50 % for the determination of low and higher chain
fatty acids, respectively. For the determination of higher alcohols the
time reduction involves 60 %. Though the total time savings are less
due to cooling time of chromatographic oven to initiative tempera-
ture — this time does not be influenced by changing of column — the
significant acceleration of gas chromatographic procedure is rea-
ched. So the laboratory throughput increased and utilization of exis-
ting conventional gas chromatographs is possible in contrast with
using of very narrow bore columns with 0.10 mm of internal diame-
ter.
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Tab. 4 Srovnani retenénich ¢asu (t) a relativnich ploch sledovanych latek v pivu na obou typech kapilarnich kolon / Comparison of reten-
tion times (t,) and relative peak areas of beer flavours obtained on both type of capillary column

Sloucenina / DB WAX, 30 m, 0.32 mm I.D. 0.25 um DB WAX, 10 m, 0.18 mm I.D. 0.18 um
Compound t. (min) | RSD (%) | Plocha/Area (%) | RSD (%)| t.(min) | RSD (%)| Plocha/Area (%) | RSD (%)
Isomaselna kyselina /

Isobutyric acid 1.67 0.11 4.3 2.7 1.00 0.11 4.0 4.5
Maselna kyselina / Butyric acid 1.99 0.09 6.1 1.9 1.17 0.09 6.9 2.0
Isovalerova kyselina /

T 224 0.09 17.5 3.0 1.26 0.10 17.0 3.2
Valerova kyselina / Valeric acid 2.65 0.07 8.6 0.5 1.44 0.09 10.2 1.9
Kapronova kyselina /

Caproic acid 3.57 0.04 22.3 0.3 1.84 0.08 23.5 0.7
Heptanova kyselina (vnitfni

standard) / Heptanoic acid 4.52 0.04 - 0.5 2.18 0.06 - 0.7
(internal standard)

Kaprylova kyselina /

Caprylic acid 5.43 0.02 36.2 2.0 2.53 0.08 31.6 1.0
Pelargonova kyselina /

Pelargonic acid 6.09 0.05 0.2 0.7 2.87 0.04 0.1 1.2
Kaprinova kyselina / Capric acid 6.67 0.04 4.8 2.1 3.19 0.02 6.6 2.7
Laurova kyselina / Lauric acid 3.19 0.04 11.1 5.0 1.69 0.09 11.3 6.4
Tridekanova kyselina (vnitfni

standard) / Tridecanoic acid 4.08 0.02 - 1.2 2.03 0.05 - 2.2
(internal standard)

Myristova kyselina / Myristic acid| 5.05 0.03 6.2 0.5 2.44 0.10 6.6 1.2
Pentadekanova kyselina (vnitini

standard) / Pentadecanoic acid 5.78 0.03 = 0.4 2.69 0.10 = 0.8
(internal standard)

Palmitova kyselina / Palmitic acid| 6.35 0.02 12.3 2.4 3.02 0.04 17.7 1.2
Heptadekanova kyselina (vnitfni

standard) / Heptadecanoic acid 6.86 0.02 - 3.1 3.34 0.03 - 2.8
(internal standard)

Stearova kyselina / Stearic acid 7.44 0.02 49.8 3.8 3.72 0.04 46.5 815
Olejova kyselina / Oleic acid 7.56 0.03 9.6 0.9 3.79 0.03 7 1.6
Linolové kyselina / Linoleic acid 7.89 0.03 3.5 2.5 3.92 0.05 2.2 2.3
Linolenova kyselina /

Y 8.12 0.03 7.4 4.8 4.05 0.03 10.7 4.6
Ethylhexanol 3.04 0.17 1.9 0.9 1.61 0.12 1.2 1.1
Furfurylalkohol /' Furfurylalcohol 5.01 0.04 0.9 2.4 2.32 0.11 0.8 2.6
B-fenylethanol / B-phenylethanol 7.99 0.03 97.2 1.6 3.38 0.09 87.5 1.5
4-ethylfenol / 4-ethylphenol 11.14 0.03 - 1.3 4.43 0.08 - 1.2
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