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The detection of minor components in gin is important in the evaluation of the flavor composition and/or the geographic origin of the product. In
this investigation we demonstrate the use of a single injection for the identification of flavor components in a set of six gin samples. Neat samples
were examined by injection without further preparation and analyzed by both gas chromatography time-of-flight mass spectrometry (GC-TOFMS)
and comprehensive two-dimensional gas chromatography time-of-flight mass spectrometry (GCxGC-TOFMS). Analysis by GC-TOFMS has the
advantage of being simple, fast, and sensitive to a full range of analytes. Analysis by GCxGC-TOFMS allows for the detection of trace level
analytes that may not be seen using other methods. Chromatographic peaks generated in high-speed GC and GCxGC separations are often
quite narrow and require the use of a relatively fast detector in order to be fully characterized. The high acquisition speed of the TOFMS allows for
the characterization of these narrow peaks and also allows for spectral deconvolution of overlapping chromatographic peaks. The mass spectra
were automatically compared against the NIST and Terpene libraries for peak identification.1

By definition, all gin samples are derived from the juniper berry . Gin is made through the distillation of the juniper berry or by adding juniper
berry oil to a refined spirit. Many gins also contain additional essential oils such as citrus oils in order to enhance their flavor. In this study, a set of
six gin samples was studied and compared to a juniper oil standard. Initial data review was done on a GC-TOFMS analysis of juniper oil. The
identified compounds in the juniper oil were then used to build a reference against which all other gin samples were compared. This was done
through the use of the “Reference” feature in ChromaTOF which allows for the automated comparison of chromatograms against a standard
based on retention time, a user-defined s/n threshold and spectral similarity. Once the comparison was made on the one-dimensional data, the
two-dimensional chromatograms were compared to their one-dimensional counterparts. The one-dimensional data shows a good correlation
between the juniper oil standard and the gin samples. The two-dimensional chromatograms show enhanced selectivity and separation of target
compounds in addition to increased s/n for target analytes and an overall increase in the total number of compounds identified.
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Sample Introduction:

GC:  Agilent 6890 Gas Chromatograph

MS:  LECO TruTOF HT

Instrument Control and Data Review:

Agilent Autosampler with a 5 L syringe
Injection:  1 µL (splitless)

Inlet:  split/splitless; 275°C
Carrier Gas:  He at 1.5 mL/min
Column:  10 m x 0.18 mm x 0.20 m Rtx-5
GC Oven: 60°C (1 min hold) programmed to 250°C
at 20°C/min (2 min hold)
MS Transfer Line:  250°C

Ionization:  EI at -70 eV
Ion Source Temperature:  300°C
Spectral Acquisition Rate:  10 spectra/s
Acquired Mass Range:  35-500
Acquisition Delay:  60 s

ChromaTOF optimized for TruTOF HT
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GC-TOFMS Analysis GCxGC-TOFMS Analysis

Sample Introduction:

GC:  Agilent 6890 Gas Chromatograph

MS:  LECO Pegasus 4D

Instrument Control and Data Review:

Agilent Autosampler with a 10 L syringe
Injection:  1 µL (splitless)

Inlet:  split/splitless; 275°C
Carrier Gas:  He at 0.6 mL/min
Primary Column:  10 m x 0.18 mm x 0.18 m DB-5
Secondary Column:  1 m x 0.10 mm x 0.10 m BPX-50
Primary Oven: 80°C (2 min hold) programmed to 225°C
at 5°C/min (3 min hold)
Secondary Oven:  5°C offset from the primary oven
Thermal Modulator: 30°C offset from the primary oven
Modulation Period:  5 s
MS Transfer Line:  250°C

Ionization:  EI at -70 eV
Ion Source Temperature:  200°C
Spectral Acquisition Rate:  150 spectra/s
Acquired Mass Range:  35-350
Acquisition Delay:  100 s

ChromaTOF optimized for Pegasus 4D
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Figure 1. Total Ion Chromatogram (TIC) and peak table for the analysis of Juniper Oil.
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Observations
Figure 1 shows the TIC for a GC-TOFMS analysis of a juniper oil standard that was
completed in just under 500 s. Note that this sample was diluted 1:100 in MeOH in order
to prevent sample overload. Automated data processing revealed 115 compounds with a
s/n of 25 or greater. All spectra were automatically compared against the NIST and
Terpene libraries for peak identification. Shown in the table to the left is the peak table for
all analytes with a library match of 750 or greater. A total of 76 compounds were
identified and these were used to build a reference, against which all of the 1-D gin data
was compared. The reference was set with constraints allowing for a ±0.5 s shift in
retention time, a s/n threshold of 10 and a spectral similarity of at least 600. The data
processing method for each of the gin samples analyzed by GC-TOFMS included this
reference for peak identification. Additional compounds not present in the reference
standard were identified via comparison with the NIST and Terpene libraries.
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Figure 2. Total Ion Chromatogram (TIC) for the analysis of the Gin_A sample by GC-TOFMS. The inset chromatogram shows the detail for the smaller peaks along
with the (a) Peak True and (b) Reference Spectra for one of the compounds, Caryophyllene.

Figure 3. Total Ion Chromatogram (TIC) for the analysis of the Gin_A sample by GCxGC-TOFMS.  The inset surface plot shows the detail for a group of smaller peaks.  The
Caryophyllene peak is highlighted in both the contour and surface plots.

Observations
Figure 2 shows a TIC for the analysis of a commercially-available gin sample. The large peak at the beginning of the chromatogram is
Ethanol. The inset shows the smaller peaks in detail. Shown above the chromatogram are the (a) Peak True and (b) Reference spectra
for one of the analytes, Caryophyllene. The Peak True spectrum contains all of the ions associated with a particular compound following
the application of the Deconvolution algorithm. The peak true spectrum was then compared against the reference standard in order to
identify the analyte as Caryophyllene. In this case, the Reference Spectrum is the Caryophyllene Peak True spectrum from the Juniper
Oil chromatogram shown in Figure 1.

A total of 17 compounds that were present in the Juniper Oil standard were identified in the “Gin_A” standard. An additional 43
compounds were identified with a s/n greater than 25. Of those compounds, 22 were identified following comparison with the
standard NIST and Terpene libraries.

Observations
Figure 3 shows a TIC for the analysis of a commercially-available gin sample using GCxGC-TOFMS. The retention time on the first
column is displayed on the x-axis and the retention time on the second column is displayed on the y-axis. The inset shows a close-up
view of a region of low-level peaks displayed as a contour plot. The red circle shows the location of the Caryophyllene peak on the
surface plot and the arrow is pointing at the same peak on the contour plot. Note that in the GC chromatogram shown in Figure 2,
Caryophyllene (m/z 133) had a s/n of 91.00. The same peak in the GCxGC chromatogram in Figure 3 has a s/n of 476.54. This large
increase in s/n is due to the band focusing that occurs in the thermal modulator in a GCxGC system. Wide bands that elute off of the
first column are sliced and focused prior to injection onto the second column resulting in tall, narrow peaks. This is what allows for the
increased detectability commonly associated with GCxGC analyses. The same gin sample was analyzed on the Pegasus GCxGC-
TOFMS system with the thermal modulator turned off. This experiment gave a s/n for the Caryophyllene peak of 94.305 which is
similar to that observed on the TruTOF, and it indicates that the dramatic increase in s/n is due to the chromatography and not the mass
spectrometer.

The 17 compounds from the Juniper Oil standard that were identified in the GC chromatogram were also identified in the GCxGC
chromatogram. As expected, significant increases in the s/n values were observed for all compounds in addition to an increase in the
overall number of peaks detected and identified.
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Figure 4. Example of spectral deconvolution for the identification of two overlapping components in the Juniper Oil sample.

Observations
Figure 4 shows an example of spectral deconvolution observed in the analysis of the juniper oil standard. The TIC (red) appears to
show the presence of a single chromatographic peak. However, by plotting the extracted ions (m/z 93 and 177) it is clear that
there are in fact two analytes present. The spectra on either side of the chromatogram are for the two overlapping analytes. The
Caliper spectra show all ions present at the peak apex. As a result of the overlap between the two compounds, ions for both are
present in each caliper spectrum. Following deconvolution, the Peak True spectrum is generated which contains ions specific to
that compound. Note the presence of m/z 121 and 136 in the caliper spectrum on the right. These are both due to the overlap
between the two compounds. Following deconvolution, the Peak True spectrum on the right no longer contains these ions. The
Peak True spectra were automatically compared against library spectra in order to identify the compounds as 2-Carene and (2-
methyl-2-propenyl)-Benzene with similarity rankings of 910 and 775 respectively.
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Table 1. Comparison of the s/n values observed for a select group of compounds in 6 different gin samples analyzed by GC-TOFMS and GCxGC-TOFMS.
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Observations
Table 1 shows a comparison of each of the six gin samples analyzed by GC-TOFMS and GCxGC-TOFMS. The top part of the table
shows a select group of compounds that were identified based on the reference comparison to juniper oil. The bottom set of
compounds were not in the juniper oil, but seemed to be common among the gin samples and are likely flavor additives. As
expected, there was a significant increase in the s/n values observed using GCxGC-TOFMS. Gin sample C did not have any
similarities to the juniper oil standard. Gin sample E did not have many similarities to the juniper oil standard either, but contained
many other essential oil components which was expected as this was labeled as a botanical gin.

This study showed a comparison of GC and GCxGC experiments for the screening of gin samples for their flavor components.
Liquid injections were done of the neat samples with no sample preparation required. Automated data processing revealed a
large number of compounds in samples analyzed by both methods. The use of the Reference feature in ChromaTOF allows for the
fast and easy comparison of a group of samples to a reference sample, which in this case was the Juniper Oil. The fast detection
offered by the TOFMS makes spectral deconvolution possible and allows for the detection and identification of analytes that may
not be chromatographically resolved. As expected, a significant increase in s/n was observed in the GCxGC results relative to the
GC results; however, the GC analysis revealed a large amount of information about the samples as well.
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