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Introduction

Gas chromatography (GC) is the most powerful technique used for the separation and determination of (semi)volatile compounds. However,
tha complexity of the aroma profile of a food product eoften results in t ic t of difficult interpretation (multitude of
trace components, overlapping peaks). Comprehensive two-dimensional gas chromatography (GCxGC) offers enhanced separation and identification
performance of the aroma components in a single run, due to higher peak capacity, two different separation principles (one for each
chromatographic dimension) and an improved signal-to-noise ratic compared to 1D-GC. Thus, GCxGC is a promising technique for new applications in
aroma research and for determining beer authenticity. In a GCxGC trace, chemically correlated compounds are reported as homogeneous
groups in a 2-dimensions plot. This allows to obtain specific separation patterns which simplify the identification of wvolatiles. In
addition, GCXGC can be coupled to Dynamic Headspace Sclid Phase Microextraction (DH-SPME) for beer gquality contrel and authentication.
The application of SPME-GCxGC-MS for the characterization of the aroma profile of Spelt, Pils and double bock beers was discussed.

Materials and methods for data collection peesse i modulato

The thermal desorption lasted = r
for 5 min at 230°C. The 1st column
(30m x 0.25mm x 0.25pm) was coated
with 5% phenyl polysiloxane and the

A divinylbenzene/carboxen/polymethylsiloxane (DVE/CAR/PMDS)
fiber, 2 cm length, was chosen. Five millilitres of each beer were
poured in a 15 mL wvial together with 1 g NaCl and 50 pL of the
standard solution (d4-methyl,2-pentancl, 1 g/L}) and equilibrated

for 10 min at 40°C. The SPME device was manually inserted into 22:‘;::1231 {;g% xp:;nlﬂn :012,;];;:’;‘“::3
the sealed vial containing the sample and the fiber was exposed) | devics oo oo program was: 50°C (1 m.i.n}:
to the headspace for 30 min at 40°C. A nitrogen flow, into the 1 to 210°C at -|°C,|I'm1.n that. o 250"&
vial, was used to increase the transfer of the veolatiles to the at 5°C/min and fin;lly held for
fiber. After sampling, the SPME device was immediately 5 min, Helium was used at D.8 mL/min,
introduced into the injection port of a GCxGC, coupled with a gMS. The modulation period was 3 s

) 3 and the D3Q operated at a scan
Reaults rate of 16 scan/s at 40-300 m/=z.

The 2D-GC trace (Fig.l) shows a clear distribution of the volatiles due to the non-polar/medium polar phase combination. A great number of volatile
compounds, belonging to very heterogenecus groups such as alcohels, esters, organic acids, terpenes, sulfur compounds, phenols have been identified
in all beers; each beer type showed a typical composition. Fig. 1 shows the peak capacity of the GCxGC system compared to 1D-GC. The GCxGC technique
improved the separation of critical pairs such as d and d ic acid ethyl ester (Fig. 1). Fig. 2 shows the distribution of organic acids
and their esters: they were grouped according to carbon number along the x-axis and by chemical class along the y-axis. The GCxGC enabled the
separation of chemical classes such as cyclic aromatic compounds, sulfur and nitrogen compounds, linear and/or branched aliphatic compounds (Fig 3).
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Polar compounds, such as -
sulfur, aromatic and other \ | : Ll T S
heterccyclic compounds L
were more retained in the
second dimension and were
thus located in the upper
part of the 2D plot with
raspact to the less polar
compounds {aliphatic
esters, alcohols, organic
acids, ethers, hydrocar-
bons) . The samples of
spelt beers showed higher
levels of aliphatic esters )
(ethyl hexancate, ethyl . % - limalool
octanocate, ethyl decancate
and ethyl dodecancate)
and lower contents of

GCxGC 3D trace of a double bock beer.

monoterpenes {linalool, Fig. b

terpineocl, citronellol and ol o sparkieg o
nerol) and damascenone prn, G M = *
with respect to pils and : ) B CE) C.»?:.

double bock beers (Fig. 4
and 5). This profile was
related to the PCA
elaboration of the sensory
analysis (Fig. 7) showing
that pils and double bock
beers were bitter, while
the spelt beers had a
fruity and honey flavour:
this was presumably due
to the typical fruity
aroma of the ethyl esters.
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Principal Component Analysis

(PCA) of the sensory scores
{n=10 trained judges) .

Conclusions
Comprehensive bidimensional gas-chromatography (2D-GC) coupled on-line with gquadrupole mass spectrometry (gMS) was applied for the unambiguous
characterization of the wvolatile profile of different beers sampled using DH-SPME. The column combination used in this study provided two
almost independent separations resulting in structured and ordered chromatograms which are a powerful tool for the identification of unknown peaks.
Infact, one main benefit of orthogonal GCxGC separations is that patterns formed by groups of molecules in the 2D plot are related te their chemical
structure: this information in combination with mass spectra was employed for reliable peak identification in all samples. The spelt beers showed
higher levels of aliphatic esters and lower contents of monoterpenes and damascenone with respect te pils and double bock beers. This profile was
related to the sensory analysis showing that pils and double bock beers were bitter, while the spelt beers had a fruity and honey flavour due to the
low content of bitter terpenes and high content of ethyl esters. The results of this study allow us to propose GCxGC/gMS as a promising technigque
for the characterization of wolatile organic compounds of beer produced with different cereals. A better understanding of the key aroma compounds
would be of significant importance for the modern brewing technology, particularly in the selection of raw materials, beer quality ceontrol and
product development. In addition, some molecules may also be used as ‘markers’ in order to differentiate among samples of different commercial
producers or fermentation conditions, aging and raw materials.
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