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the five target components: acetaldehyde,
dimethyl sulphide, 2,3-butanedione,
2,3-pentandione, and t-2-nonenal. The
detection limit goal was 40 parts per billion
(ppb) for acetaldehyde and 5.0 ppb for the
remaining targets, which was made at the
request of several breweries. The standards
were analysed in Simultaneous Full Scan
(FS) and Single lon Monitoring (SIM)
acquisition modes. An example of the SIM
chromatogram of Diacetyl at the 5.0 ppb

concentration is displayed in Figure 1.

The calibration data for all five compounds
are shown in Table 4. Considering the
extremely low levels in a highly complex
matrix, it can be seen that these data
demonstrate acceptable linearity. In
addition, it should be pointed out that
these results were acquired using a small
turbomolecular pump; it can be assumed
enhancements can be achieved using the Figure 2: Typical chromatographic profile of volatile flavour compounds in an American pale ale
recommended larger turbomolecular pump.

The signal to noise for Dimethyl Sulphide

at the 5 ppb concentration was 80,000 to 1,

and the 1000 ppb concentration saturated,;

therefore, the results from full scan

acquisition are used for this target.

Characterisation of Beer
@ One of the benefits of mass spectrometry is @

that it enables the identification of a large
suite of volatile flavour compounds in beer,
without having to change or use another
detector. Figure 2 is an example of such

a characterisation that was carried out on
American pale ale, while Figure 3 shows

a comparison of the flavour compound
responses found in an alternative beer
product. Note: For comparison purposes,
three different batches of the pale ale are
shown (red, yellow, light blue) with the other
beer product (grey).

Monltorlng the Fermentation Figure 3: Comparison of chromatographic responses for a suite of volatile flavour compounds between two

Process brands of beer (data courtesy of the Long Trail Brewing Company, Vermont). Note: The competitive beer
This approach also provides the ability to sample is shown in grey

obtain analytical data during the entire To get a better understanding of the characterisation of the favour compounds during the fermentation

fermentation process. process, a comparison was made of the flavour profiles of the same beer from five different fermentation

trials. This comparison is exemplified in Figure 4.
For this part of the investigation, an P P g

experimental batch of American pale ale was

brewed and fermentation initiated. A sample The concentrations of key components while the dimethyl sulphide only took about
was analysed every eight hours for the eight in the beer were also monitored during 30 hours to get down to trace levels. This is
days of the fermentation process. Specific the fermentation process. The profiles an analytical approach of monitoring when
gravity is typically used as an indicator of the of two key flavour ‘defects’, diacetyl and the brewing process has been completed.
fermentation progress and is shown for this dimethyl sulphide, are shown in Figures 6 Using an analytical technique to determine
beer in Figure 5. It can be clearly seen that and 7, respectively. It can be seen that the when the brew is ready can provide

the final gravity of this beer was 1.012, which concentration of the diacetyl was reduced to enhanced productivity of up to 40%.

was achieved in about 100 hours. a negligible amount in about 80 hours
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T Analysis of Raw Materials
Volatile Compound Comparison by Trial . o
This methodology can also be utilised to
a8 characterise the raw materials used in the
. production of beer. The resulting data could
8.E+08 .. .
be utilised to assess what components will
o provide the desired flavour of the finished
product. By monitoring the compounds in
G.E+08 the raw materials ‘up front’, and not at the
end of the fermentation process, it can save
o SE+08 L .
g the brewer a significant amount of time
S
E . .
& 16008 and expense by increasing the chances
of producing a consistent beer with the
L Wi desirable flavour and aroma characteristics.
2608 This is exemplified in Figure 8, which displays
‘| the results of a study comparing the VOC
1E+08 .
components of two different types of hops
s ,Lrﬂi,[l:l]j[ e M | rﬂrﬂi A1110 [y sy S| [] PSP, | in order to understand and improve their
P oot o & O S S R ST P R Rt characteristic bitterness on the flavour of the
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— — @ o = — brew. Additionally, some beers use adjuncts to
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€ ¢ £ § 5 98 § 52282 5 &5 2537 53 858 58EE d i fl h ffee h
: 5 58 8§ 8<3 g5 3858582288 8588 produce unique flavours, such as coffee, honey
-~ o o9& ¢ 3 25 382 5 v & 5 g 5 85 2SS 8355 8 35§ © B
& &g sl g 21882528 %8% % = gE 25 % § ¢ & g and fruits. Therefore, the same approach may
? N~ -~ T 2822882 25% 992 a2 =32 = = 8 2 = .
£ E 23 SE- 5S9035 % 2 £: B z5 5 2 be used to characterise these compounds.
= = = o
g & 3 =2 £ £ 8& £ EE 4 o= 4 . : A
g3 ° - g 3 23 =2 S Figure 9 displays the results of a comparison
< : > > £ [ = . .
£ 5 £ = 3 between orange peel from different suppliers
s ch . .
3 3 = for use in Belgian style beers.
Figure 4: Comparison of flavour compounds between five different fermentation trials of the same beer type
. . . An example of Hop Volatile Compound Comparison
(data courtesy of the Long Trail Brewing Company, Bridgewater Corners, VT) Average Amounts: B Sample 1 and BSample 2
12
106 Figure 5: Specific gravity profile for
@ 1.060 the experimental beer, showing 10 @
1055 that the fermentation process was
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Figure 7: Concentration profile ging
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18.00 of dimethyl sulphide for the Beer is a very complex matrix, which ages
g 1600 experimental beer during the over time due to chemical and biological
g 1400 . . i,
T 1200 fermentation process activity. For that reason, storage conditions
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& 1000 are critical to its quality. Exposure to air
£ 800 . '
g romotes the formation of aldehydes, acetic
2 600
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© 400 acid and other undesirable compounds that
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0.00 can impair the flavour of a beer.
0 50 100 150 200 250

For example, one flavour concern is

Fermentation time (hours) . .
that bittering components, such as
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Figure 9: Flavour profiles in orange peel used in Belgian-style beers (data courtesy of the Long Trail Brewing

Company, Bridgewater Corners, VT)
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Figure 10: Effect of sunlight on beer volatile species. Note: Chromatogram on the top is the beer kept in the

dark, while the one on the bottom is after 4 hours in bright sunlight

iso-humolones react to light and produce
mercaptans and other volatile sulphur
compounds giving a ‘skunky’ flavour

to the beer. This is demonstrated in
Figure 10 which shows chromatograms

of the same beer kept in the dark (top
chromatogram) and also in bright sunlight
(bottom chromatogram). It can be seen
very clearly there are major differences in
the composition of the beer VOCs. One
compound in particular (in the blue box) was
identified as an olefinic thiophene which

was confirmed by a search for the unknown
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compound using the on-board reference
library.

Conclusion

It has been demonstrated that the
combination of headspace trap
concentration with GC/MS is a very
powerful and easy to use tool to investigate
many aspects of the beer production
process. Many volatile organic compounds
responsible for both positive attributes

and negative defects can be monitored

in the beer using a single column, single
detector, under one set of optimised
conditions. This technology can be utilised
for checking raw materials, monitoring the
fermentation process, quality control testing
of the final product, product development,
carrying out aging studies and for general
troubleshooting purposes. Traditionally,
this work would have been performed by
skilled tasters which are still going to be

an important part of any brewing process.
However, the opportunity to compliment
taste and odour assessments with objective
analytical data can only enhance the art of
making high quality beer.
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