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ldentifying Whiskey Adulteration by
GC/MS Through Chemical Profiling

and Differential Analysis

Fermentation, distillation and aging processes' play a key role in
developing the unique chemical composition and flavor of whiskey,
resulting in a product with a high degree of chemical variability and com-
mercial value. A significant problem in whiskey production is adulteration.
This may include adding the major chemical components of a product to
less expensive, or inferior, spirits, or coloring a product to falsify age and
thus add value.

Chemical profiling using GC/MS is an effective technique for identifying
adulterated product. This approach provides a powerful solution when
used within a comprehensive informatics solution such as the Thermo
Scientific SampleManager (Thermo Fisher Scientific, Waltham, Mass.),
comprising a laboratory information management system (LIMS), chroma-
tography data system (CDS), scientific data management system (SDMS)
and electronic laboratory notebook. The compliance rules and instrument
calibration associated with these electronic workflows provide results that
are legally defensible, while direct integration with the raw data produced
by these analytical techniques ensures traceable results.

GC/MS for whiskey analysis

Using full-scan Orbitrap MS (Thermo Fisher Scientific) to obtain high-
resolution accurate mass measurements, in combination with principal
component analysis (PCA) and structural elucidation tools, the chemical
signatures of nine whiskey samples of various origins, ages and types were
identified (Table 7). Samples were analyzed using a Thermo Scientific Q
Exactive GC system with a hybrid quadrupole-Orbitrap mass spectrome-
ter. The system was operated in electron ionization (El) full-scan mode at a
resolving power of 60,000 FWHM at m/z 200. Additional experiments were
performed using positive chemical ionization with methane as reagent
gas at a flow rate of 1.5 mL/min to obtain information on the molecular
ions and to support the identification of unknown component peaks.
Chromatographic separation was done using a Thermo Scientific TRACE
1310 GC instrument. Analytical conditions and instrument parameters are
shown in Table 2.

Sample preparation

To prepare samples for GC analysis, 3 mL of whiskey sample was mixed
with 10 mL of distilled water and shaken with 15 mL of ethyl acetate.
The organic layer was filtered through 3 g of sodium sulfate. Ethyl ac-
etate extract was evaporated under a gentle stream of nitrogen at room
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Table 1 - Whiskey samples included in study

EEIRE-

2263 Single 12 Scotland Lowlands
2264 Single 18 Scotland Lowiands
2265° Single NAS Scotiand Lowlands
2281 Single 10 Scotiand Campbeltown
2282 Single 15 Scotiand Campbeltown
2283 Single 15 Scotland Campbeltown
2284 Single 12 Scotland Hightand
2285 Single 18 Scotiand Highiand
2295 Bourbaon — USA Kentucky

NAS — No age statement. * Aged in three different casks.

temperature. The evaporated extract was redissolved in 0.5 mL of ethyl
acetate and transferred into the GC vial. A composite (pool) sample was
also prepared by pipetting 50 L of each whiskey extract into a single GC
vial. To eliminate background systematic peaks, an ethyl acetate blank
sample was analyzed. Each sample, including the pool sample, was in-
jected four times and analyzed in a random order.

Identifying samples differences using PCA

Four replicate full-scan chromatograms were obtained for each whiskey
sample. The complete data set, including the nine samples and pool
sample, was processed for component extraction and statistical analysis
using Thermo Scientific SIEVE 2.2 software. Retention time correction and
peak detection were performed by the software, followed by statistical
analysis. The resulting PCA plot (Figure 1) shows how each replicate set
clusters together, with the pool sample replicates located near the center
of the plot.

The cluster of data points for the bourbon sample (sample 2295) in the
PCA plot differed from most of the other whiskey samples. Using PCA
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WHISKEY ADULTERATION continued

Table 2 - GC, injector and MS parameters

TRACE 1310 GC Parameters

Injection Volume (pL): 1 Splitiess
| Liner: Single gooseneck
Inlet (°C): 250
Carrier Gas, (mL/min): He, 1.2
Oven Temperature Program
Temperature 1 (°C): 45
Hold Time (min): 1
Temperature 2 (°C): 330
Rate (°C/min): 10
Hold Time (min): 5

Q Exactive GC Mass Spectrometer Parameters

Transfer line (°C): 280
lonization type: H
lon source (°C): 230
Electron energy (eV): 70
Acquisition Mode: Full scan
Mass range (Da): 50600
Resolving power (FWHM): 60,000 (m/z 200)
Lockmass, column bleed (m/2): 207.03235
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Figure 1 - PCA of nine whiskey samples with four replicate injections
persample.

analysis, it was possible to order the list of 4841 identified component
peaks based on statistical significance (p value). This revealed that the GC
peaks that contributed most significantly to this difference were either
unique or elevated in sample 2295. To identify the chemical species that
corresponded to these peaks, the El spectrum for each peak was compared
against the NIST mass spectral library to produce possible hits ranked by a
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search index score and a high-resolution filtering score (the percentage of
the spectrum that could be explained by the chemical formula). Accurate
mass data was used to further confirm these tentative identifications.

One peak, at a retention time of 13.6 min in the GC chromatograms, was
present in the bourbon sample to a much greater extent than the single-
malt whiskey samples. Using the above approach, this component was
identified as trans-beta-ionone, a decomposition product of carotene.
This finding is consistent with the fact that bourbon is brewed from corn,
a crop that contains over seven times more beta-carotene than the barley
that is used to produce single-malt whiskey.?

Identifying compounds with no spectral library match
In cases in which there was no library match from the El spectrum, the
PCA spectrum was used to identify the [M+H]* and [M+C,Hs]* adducts and
deduce the chemical formula of the parent molecule. This was required to
establish the identity of a chromatogram signal at 18 min, which showed
elevated levels in sample 2295.

The Orbitrap system was used to narrow the list of possible chemical
formulae. For example, when a 10-ppm mass-accuracy window was used,
nine possible formulae were proposed for the [M+H]" ion of m/z241.10699
using the elements carbon (1-50), hydrogen (1-100), nitrogen (1-5),
oxygen (1-10) and chlorine (1-10). By way of contrast, a 1-ppm window
resulted in only one possible formula, Ci,H:,0s. This identification was
further supported by the molecular ion m/z of 240.09924 obtained from
the El spectrum (Figure 2). The ChemSpider chemical database (Royal
Society of Chemistry) was used to produce a list of potential structures
corresponding to C;,H;;0s. Thermo Fisher Mass Frontier 7.0 software was
then used to theoretically fragment these proposed compounds and
match these to the fragments in the El spectrum. These fragments were
used to rule out potential compound hits for C;,H;,0° resulting in a single
compound: 3-carboxy-4-methyl-5-propyl-2-furanopropanoic acid.

Molecularlon

9504918
CgH7 0= 0504914
045813 ppm

Figure 2 - El spectrum for peak at 18 min where no library match was
made. Peaks are labeled with structure, formula and mass error in ppm.
The sub-1 ppm mass errors provide confidence in the proposed identifica-
tion of 3-carboxy-4-methyl-5-propyl-2-furanopropanoic acid. Structures
were identified using Mass Frontier 7.0.
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WHISKEY ADULTERATION continued
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Figure 3 — PCA chart generated for whiskies from the same distillery but
with a different age declaration.

Identifying components associated with

whiskey aging

This approach was also used to identify compounds contributing to differ-
ences between whiskies from a single distillery, but with different ages or
aging processes. Replicate data for a 12-year-old sample (2263), 18-year-
old sample (2264) and sample aged in three barrels (2265) was processed
using SEIVE software (Figure 3), and the most statistically significant peaks
were identified. Thermo Scientific TraceFinder software was then used to
perform spectral matching to limit the list of possible compounds based
on the search index and scoring the proportion of the spectrum that could
be explained by the compound based on accurate mass.

Hydroxymethyl furfural (HMF) was identified as the largest contributor to
differences associated with the whiskey that was aged in three different
barrels. The heat charring of oak bourbon barrels is known to generate
high levels of HMF, and the elevated levels may be explained by the length
of time the sample was in contact with the wood surface.**
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Conclusion

GC/MS used with statistical analysis and structural elucidation software
rapidly determines the complex chemical composition of whiskies. The
method reported identified chemical differences between whiskies of
different origin, age and type. Combined with an integrated informatics
solution, this approach may be used by manufacturers or contract testing
laboratories to confirm product authenticity.
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