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ABSTRACT 
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Esters represent one of the most important flavour groups in 
beer. The aim of this work was focused on the comparison of 
two optimized, simple, rapid and low cost methods, the solid-
phase microextraction technique and the stir bar sorptive extrac-
tion technique, for the determination of beer esters, in particular 
isoamyl acetate, ethyl caproate, ethyl caprylate, ethyl caprate, 
phenylethyl acetate, ethyl laurate, ethyl myristate, and ethyl 
palmitate. Subsequent gas chromatographic analyses with flame 
ionization detection were used for the determination of these 
compounds. Linearity, recovery, and repeatability of these meth-
ods were compared. Working parameters of both procedures 
were similar and characterized by high repeatability (2.1–7.3%) 
and good linearity (correlation coefficient ranging from 0.9991 
to 0.9999). Results obtained by these two procedures were in 
good correlation. 

Key words: beer, beer esters, solid-phase microextraction 
(SPME), solvent back extraction, stir bar sorptive extraction 
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INTRODUCTION 
From the point of view of composition, beer belongs to 

a very complex matrix. The amount of known constituents 
considerably exceeds more than 800 compounds, many of 
them contributing to beer flavour. The impact of chemical 
composition on beer flavour was studied by Meilgaard24. 
Beer flavour consists of a combination of odour and taste 
impressions and it is a significant factor in consumer ac-
ceptance. 

Esters represent one of the most important flavour 
groups and they play a considerable role in the organolep-
tic characteristics of the beer. The production of esters is 
influenced first of all by wort composition, fermentation 
parameters and yeast strain during the brewing process4,25. 
Thus, esters are often the target analytes in authentication 
and quality control methods. 

The presence of esters in beer has been routinely deter-
mined by static headspace methods, purge-and-trap pre-
concentration techniques, distillation procedures, liquid-
liquid extraction or solid phase extraction2,7,1,17,10,18,21,31,35. 
With the development of solid-phase microextraction 
(SPME), new methods for specific target compounds have 
been investigated. 

SPME is a sampling technique that is rapid, simple, se-
lective, and solvent free, allowing the preconcentration of 
volatile samples27. SPME has been successfully applied in 
the determination of variety of compounds in beer. For 
instance, Jélen et al. compared the determination of 12 
alcohols and esters in beer by SPME and static headspace 
analysis19. SPME was also used for the quantitative de-
termination of dimethylsulfide30,32, vicinal diketones12, 
medium-chain free fatty acids (caproic – lauric acid)15, 
furfural, hexanol, 5-hydroxymethylfurfural, and trans-2-
nonenal33 and for the investigation of beer flavour stability 
by monitoring 32 selected compounds29. Carbonyl com-
pounds in beer have been determined after on-fibre deriv-
atization using o-(2,3,4,5,6-pentafluorobenzyl)hydroxyl-
amine28,34. Polar analytes such as alcohols and fatty acids 
were better extracted using tailor-made alumina-based 
hybrid organic-inorganic coating for SPME22. Combining 
silica-based adsorbents and SPME fibres in the extraction 
of the volatiles in beer was introduced by Biazon et al.5 

Stir bar sorptive extraction (SBSE), like the SPME 
method, is a solventless enrichment technique. SBSE is 
based on the sorption of analytes onto a thick film of 
polydimethylsiloxane (PDMS) coated on a stir bar3. SBSE 
has been shown to have a much higher sensitivity than 
SPME due to the higher volume of the PDMS phase, in 
which the amount of analyte extracted is proportional to 
the coating thickness, increasing the limit of detection 
during sampling6. 

After this extraction and enrichment step, the analytes 
are thermally desorbed from the stir bar and immediately 
transferred to a capillary column of a gas chromatograph. 
In brewing analytics, SBSE methods have been applied 
for the determination of sunstruck flavour (3-methyl-2-
butene-1-thiol) and other sulphur compounds8, stale-fla-
vour carbonyl compounds26 or hop-derived terpenoids in 
beer20. In all these procedures, the analytes were thermally 
desorbed from the stir bar and were analyzed by gas chro-
matography. In the same way furfural, furfuryl ethyl ether, 
furyl hydroxymethyl ketone, 2,4-dodecadienal, β-dama-
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scenone and nicotinic acid ethyl ester were extracted, only 
GC-TOF-MS instrumentation was used for the final deter-
mination23. 

Instead of thermal desorption, compounds can also be 
eluted from polydimethylsiloxane phase by a small vol-
ume of organic solvent and solvent back extraction. Some 
esters in beer16, free medium-chain fatty acids11,14 or vici-
nal diketones13 have been determined in this way. Capil-
lary gas chromatography was used for the separation of 
these compounds followed by flame ionization detection 
(esters, fatty acids), respectively by electron capture de-
tection (vicinal diketones). After solvent back extraction, 
SBSE can also be applied in conjugation with high pres-
sure liquid chromatography as described in the determina-
tion of bitter acids in beer9. 

The aim of this work was to compare different extrac-
tion methods for the determination of some flavour active 
esters in beer. The data obtained by headspace SPME 
technique and by SBSE with solvent back extraction were 
compared. The advantages and limitations of compared 
method are discussed. 

MATERIAL AND METHODS 
Beer samples 

All analyzed beer samples were fresh commercial lag-
ers of the Pilsner type, produced and bottled in the Czech 
Republic. 

Reagents 

Standards of analyzed compounds (isoamyl acetate, 
ethyl caproate, ethyl caprylate, phenyl acetate, ethyl cap-
rate, phenylethyl acetate, ethyl laurate, ethyl myristate, 
ethyl palmitate) were purchased from Sigma-Aldrich 
(USA) and were of >99% purity. 

Analytical reagent grade ethanol (Lach-Ner, Czech Re-
public), methanol, hexane, dichloromethane (Merck, Ger-
many), purified water (Milli-RO 5plus, Millipore, USA), 
helium 5.0 quality, hydrogen 5.0 quality, and synthetic air 
(Messer, Czech Republic) were used. 

SPME analysis 

A manual SPME device and divinylbenzene/carboxen/ 
polydimethylsiloxane (DVB/CAR/PDMS) 65 µm fibres 
were obtained from Supelco Co. (Bellefonte, PA). 

Before use, the fibre was preconditioned in the GC in-
jection port at 250°C for 0.5 h. Bottled beers were kept 
cool (4°C) until they were analyzed. Ethanol (5% v/v) 
was used for the evaluation of the method and for the cali-
bration curves. Headspace SPME was applied for all 
analyses. The SPME fibre was exposed to the headspace 
above 10 mL of the sample in a 20 mL glass vial with an 
aluminium-coated septum. The vial was vigorously shaken 
for 10 sec prior to the commencement of headspace 
SPME. Others optimized conditions are discussed below. 

SBSE analysis 

The stir bar was supplied from Gerstel GmbH (Mül-
heim a/d Ruhr, Germany). A 10 mm long and 3.2 mm o. d. 
stir bar with a 0.5 mm thickness of polydimethylsiloxane 
(PDMS) coating was used. 

The stir bar was conditioned in a glass tube at 300°C 
for 60 min by passing helium through a tube (50 
mL/min). Sample extraction was performed by placing 10 
mL of sample in a 20 mL glass vial, adding a stir bar. The 
vial was crimped with a PTFE/silicone septum purchased 
from Chromacol (Herts, United Kingdom). The extraction 
procedure was based on conditions described by Horák et 
al.16 i.e., stirring at 1,200 rpm for 60 min at ambient 
temperature. After extraction the stir bar was removed 
with forceps, rinsed briefly in distilled water and dried 
with a lint-free tissue. For solvent back extraction, the stir 
bar was placed into a 350 µL glass insert containing 200 
µL of the solvent mixture dichloromethane:hexane, 50:50. 
This insert was immersed into a 2 mL vial, closed by a 
PTFE/silicone septum, and stirred at 1,200 rpm for 40 
min. 

For the determination of beer esters, 2 µL of this ex-
tract was injected into the GC column under the chromat-
ographic parameters mentioned below. 

GC analysis 

The GC analysis was carried out using a Chrompack 
CP 9001 gas chromatograph equipped with autosampler 
Labio ASG 40. Analytes were separated on 30 m × 0.32 
mm i.d. fused silica capillary column of Phenomenex ZB-
WAX with 0.25 µm film thickness. The GC column was 
maintained at 80°C for 1 min, ramped at a rate of 8°C/min 
to 240°C and then held at this temperature for 3 min. The 
split-splitless injector was used and the split vent was 
opened after 0.25 min. Temperatures of the injector and 
the flame ionisation detector were 250°C and 270°C re-
spectively. The carrier gas was helium, 5.0 quality, with a 
column head pressure of 150 kPa at 80°C. 

RESULTS AND DISCUSSION 
Development of the SPME method 

In the first experiment the effect of temperature was 
examined, as the temperature influences the vapour pres-
sure of analytes and this was therefore a simple way of 
improving the sensitivity. The ambient temperature, and a 
temperature 40°C and 60°C were tested. Fig. 1 shows that 
the total response of esters of interest was the best at 
40°C. At this temperature it attained 175% and 107% in 
comparison with ambient temperature and 60°C, respec-

Fig. 1. Effect of the sampling temperature on the total response 
of selected esters (isoamyl acetate, ethyl caproate, ethyl cap-
rylate, phenyl acetate, ethyl caprate, phenylethyl acetate, ethyl 
laurate, ethyl myristate, ethyl palmitate) extracted by SPME. 
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tively. Thus all other experiments were carried out at 
40°C. 

In the next experiment, the effect of the addition of dif-
ferent salts (ammonium sulphate, ammonium chloride and 
sodium chloride) on the extraction of some esters was 
studied. Fig. 2 demonstrates that the salting-out effect 
took place. The maximum responses were obtained by the 
use of sodium chloride (189% and 116% in comparison 
with ammonium chloride and ammonium sulphate, re-
spectively). Addition of sodium chloride to analyzed beer 
lowers the detection limits of the SPME method and 
therefore could be helpful in running samples in which 
esters, occurring in trace quantities, are the main point of 
interest. Thus, the influence of varying concentrations of 
sodium chloride (0–5.0 g) in 10 mL of sample was tested. 
The total responses obtained with 5.0 g salt addition 
reached 260% of total responses found without salt addi-
tion (Fig. 3). Based on these results, a salt amount of 5.0 g 
was chosen for future experimentation. 

Fig. 4 shows the influence of different sampling times 
on extraction. As expected, the responses increased with 
sampling time. While the total response was increased 
about 55% after a 60 min sampling time in comparison 
with a 30 min sampling, the total response was greater 
only by 19% after a 90 min sampling in comparison with 
a 60 min sampling. SPME is an equilibrium technique. In 
practice, full equilibration is not necessary for an accurate 

determination. However, a relatively short sampling time 
will not only result in a loss of sensitivity, but also of 
precision. Therefore a 60 min sampling time was selected 
for time saving and for precision. 

The sample was stirred during extraction at 800 rpm. 
Each analysis was carried out three times. 

After exposure, the fibre was thermally desorbed into a 
GC and left in the injection port at 250°C for 5 min. The 
injector was equipped with a 0.75 mm i.d. inlet liner. 

Comparison of SPME and SBSE method 

For method comparison, the following parameters have 
been determined: linearity, recovery and repeatability. Re-
sults of this comparison are shown in Table I. 

For all methods calibration curves were measured 
throughout a range of the esters, covering the concentra-
tion usually found in beers of the Pilsner type (concentra-
tion from 0.015 mg/L to 30 mg/L for each compound). 
The correlation coefficients to straight line for all deter-
mined esters were the best for the SPME method at 
>0.9995. The coefficients for SBSE procedure were 
>0.9991. 

All methods were characterized by high linearity in the 
examined concentration ranges. 

The accuracy of the methods was investigated by con-
ducting recovery tests. The tests were performed by mea-
suring the natural concentration of the esters in five dif-
ferent beers. Then the same beers were spiked with a 
known amount of each ester (7.5 mg/L) and concentra-
tions of the esters were determined again. The results 
showed that the recoveries of the SPME and SBSE meth-
ods for esters were similar and in the range 85–102% and 
78–107%, respectively. 

The repeatability of the methods was examined by re-
peating all procedures five times during the same day 
using the same beer sample. The results demonstrated that 
there were not significant differences between the meth-
ods. The procedures had good repeatability for the deter-
mination of esters in beer. The relative standard deviations 
(RSD) extended from 2.6 to 6.3% for SPME, and from 
2.1 to 7.3% for SBSE. Although SBSE includes a two 
step extraction and solvent back extraction, the averages 
of the RSD values were very similar (for the SPME 
method they reached 4.9% and for the SBSE procedure 
5.4%). 

Fig. 4. Effect of the sampling time on the total response of 
selected esters (isoamyl acetate, ethyl caproate, ethyl caprylate, 
phenyl acetate, ethyl caprate, phenylethyl acetate, ethyl laurate, 
ethyl myristate, ethyl palmitate) extracted by SPME. 

Fig. 3. Effect of the amount of sodium chloride on the total
response of selected esters (isoamyl acetate, ethyl caproate, ethyl
caprylate, phenyl acetate, ethyl caprate, phenylethyl acetate,
ethyl laurate, ethyl myristate, ethyl palmitate) extracted by 
SPME. 

Fig. 2. Effect of the addition of 2 g of the different salts on the
total response of selected esters (isoamyl acetate, ethyl caproate,
ethyl caprylate, phenyl acetate, ethyl caprate, phenylethyl ace-
tate, ethyl laurate, ethyl myristate, ethyl palmitate) extracted by
SPME. 
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These results indicated that both of the methods pro-
vided comparable working parameters. 

Both methods have been applied for the analysis of 
three different Pilsner type beer samples. Each analysis 
was repeated three times. The concentrations, as averages 
of the triplets of the analyzed compounds, are shown in 
Table II. 

An analysis of variation (ANOVA) has been applied to 
compare the statistical differences between the results 
obtained by the sample preparation procedures (Table II). 
The results without statistically significant differences are 
marked by bold characters. The determined concentra-
tions of esters at levels >0.10 mg/L (isoamyl acetate, ethyl 
caproate, ethyl caprylate, ethyl caprate and phenylethyl 
acetate) obtained by using of both methods can be re-
garded as the same. Compounds at low concentrations 
(<0.05 mg/L) were not statistically tested. 

The correlation of content of esters achieved by SPME 
and SBSE methods is presented in Fig. 5. The correlation 
coefficient reached a satisfactory value of 0.9970. 

CONCLUSIONS 
The advantages of the SPME method in comparison 

with the SBSE technique are better simplicity, a lower 
time requirement (a further 40 min for solvent back ex-
traction is necessary in the SBSE procedure) and due to a 
proper fibre phase, the possibility to determine more polar 
compounds, e.g. alcohols. On the other hand, the stir bar 
used in the SBSE method is much more robust than the 
fragile SPME fibre. The working parameters of both 
methods were similar. The obtained concentrations for all 
determined compounds were in good correlation. 
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