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Results

Abstract
Ever since Meilgaard’s classic papers attempting to unite the art and science of brewing,
researchers have developed and employed a wide variety of chromatographic methods to identify and
quantitate volatile organic compounds (VOC) that are major determinants of the flavor of beer. Many
of these compounds can be found in the headspace and can be sampled directly or by adsorption and
concentration on solid phase microextraction (SPME) media which can be bonded to fibers, stir bars
or monolithic discs. In this report we characterize the sampling of VOCs by either floating or
headspace analysis using monolithic discs with ODS and activated carbon coating. Using principle
component analysis (PCA) we found that either method can be used to distinguish exemplars of five
distinct beer styles. However, each method samples different sets of VOC s quantitatively and
qualitatively. The floating method is simpler and more reproducible than the strictly headspace
sampling and is better at sampling some high boiling point metabolites associated with flavor sensory
character.

Figure 1: Comparison of Floating and Headspace
Peak Area of Select Compounds
Figure 4: PCA Plot of F1 and F2,
Displaying the Clustering by Beer
Variety for Headspace Trials

Introduction
If utilizing conventional methods, surveying the chemical profile of flavor-contributing compounds in
beer may be quite an expensive process. Multiple techniques exist to provide brewers with options, but each
method has its own instrumentation and consumables that put conventional analysis outside the realm of
possibility for small brewers like Modicum Brewery. Headspace analysis followed by gas chromatography –
mass spectrometry (GC/MS) is often most meaningful in order to emulate the chemical profile that is tasted
by the consumer. This requires specialized apparatus and preparations to accurately and reliably withdraw
and concentrate gas from the headspace of a sample in an amount significant enough to be detected via
GC/MS.
Most large brewers today have the financial means to access the instrumentation necessary for analysis,
while many small brewers do not. There are limited contract research facilities available that provide analysis
for microbreweries. These cost upwards of $200 per sample, require a significant sample volume, and takes
approximately two weeks to obtain results. In contrast, our methods provide local microbreweries more time
and a cost-efficient alternative for scientific analysis of beer. In order to avoid these complications, we have
developed a novel approach using solid phase microextraction (SPME), with MonoTrap® monolithic
collection pellets, in tandem with GC/MS. These pellets were either floated directly in the beer sample or
held above the beer in the headspace. In this way, we determined the most effective method for collecting
and analyzing beer profiles. It costs the brewer significantly less as our materials used per sample only cost $4
a piece, can be performed overnight, and only require about a tablespoon of beer. This has allowed us the
opportunity to collaborate with local brewers to improve beer quality and in turn, contribute to local
business’s profits.
To further improve we have adapted our methodology by incorporating more statistical analysis when
viewing our results. The approach to analyze the data given by the GC/MS is principal component analysis
(PCA). This allows factor analysis of multidimensional data that considers the total variance in the data and
transforms the original variables into a smaller set of linear combinations or factors from which conclusions
can be drawn.

Figure 2: Overlaid Chromatograms of Floating vs
Headspace on Modicum’s Peel
Floating: Red
Headspace: Green

Figure 5: PCA Plot of F1 and F2,
Displaying the Clustering by Beer
Variety for Floating Trials

Figure 3: Overlaid Chromatograms of Floating
vs Headspace on Modicum’s Moniker
Floating: Green
Headspace: Blue

Materials & Methods

The samples were prepared by placing 20 mL of degassed beer, 1 cm stir pellet, 200 μL of the
internal standard, 3.0 g NaCl, and floating a MonoTrap® monolithic disk coated with ODS activated
carbon (MonoTrap® DCC18), into a 40 mL amber vial. The sample was stirred at 600 rpm for 45 sec to
dissolve the salt. Samples were placed in a 60˚C shaking water bath for 60 mins to absorb the volatile
organic compounds. The SPME disks were then placed in 1.5 mL dichloromethane in a 3 mL microreaction vial and sonicated for 10 mins to desorb, then transferred into Agilent Technologies 2 mL vial
with silica septum. The vials were then analyzed using GC/MS under the following conditions:
Table 1: GC Conditions

Table 2: MS Conditions

GC/MS

Agilent Technologies 7820A with quad MSD

Scan Range

35.0 to 450.0 Da

Column

J&W DB-624 GC Column, 60 m, 0.32 mm, 1.80 µm, 7
inch cage

Scan Speed

1,562u/s

Oven

40⁰C for 5 min., then 6⁰C/min. to 250⁰C

Frequency

3.5 scans/s

Interscan Delay

9 minutes

Source Temp

230⁰C

Inlet Line Temp

250⁰C

Injector

1µL injection volume, Programmable Split-Splitless,
250⁰C and 13psi, Splitless

Carrier Gas

Helium at 20mL/min after 3 minutes

The data collected were examined quantitatively using the area that each peak produced. The
pretreatment of the data, including the normalization and standardization, were performed using Excel.
The floating conditioned samples were normalized by style based on the largest peak, 2-phenylethanol.
The suspended conditioned samples were similarly normalized using 3-methyl-1-butanol as the basis of
normalization. The data was then standardized using the autoscaling method.
The PCA was performed using XLSTAT PCA was applied to data to potentially differentiate the
beer styles through clustering produced in the condensing of the volatile organic compounds into latent
variables. Other factors such as pH and alcohol by volume were additionally collected to note any effects
they produce in the flavor profiling of the beers.

Conclusion

Future Directions

Based on our initial development of the MonoTrap® extraction method, we find it to be very
promising for cost-efficient analysis of the flavor-contributing compounds in beer.

• Assess quality control between batches of beer with PCA and other statistical
methods of analysis
• Differentiate between beer styles through flavor profiling in combination
PCA
• Examine the relationship of hops to differentiate between beers

Furthermore, we conclude the floating method to be superior to the headspace method for
our purposes. Initially, our goals were more focused on the headspace method to emulate the process
of retronasal olfaction, but this method of collection was found to be inferior in detecting larger, less
volatile molecules that do significantly contribute to flavor (e.g. octanoic acid and phenylethyl
alcohol). These were much more detectable with the floating method while still capturing other
molecules found in the headspace method.
Lastly, we were able to analyze the multidimensional GC/MS data while accounting for
variability using principal component analysis (PCA). This statistical method allowed for us to group
the beers semi quantitatively based on chemical composition. We have determined that PCA is a
valuable tool in assuring quality control across beer samples and in the characterization of different
types of beer based on flavor profiles.

.
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