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Many types of spirits are aged in oak barrels for the 
absorbance of color and flavors. The barrels are 
reused, moving from whiskies to bourbons to sherries 
and tequila. Ten compounds must be present for a 
spirit to be considered barrel aged. Counterfeiters  
market non barrel aged spirits as barrel aged. In order 
to prosecute these counterfeiters, there must be proof 
that a product is fake. Congeners are minor 
compounds other than ethanol that occur naturally in 
distilling and fermenting process. This method adds 
another level of confirmation to the presence of the 
congeners. With the addition of fragment 
confirmation, we have now ways to prove the 
authenticity of spirits can be proven by the 
simultaneous confirmation of fragments,  retention 
time, isotopic fidelity and spacing and accurate mass. 
Congeners are quantified with reference standards.

Introduction Experimental

One reference standard containing 10 nonvolatile 
congeners was run via LCMS TOF. A four-level 
calibration curve was created and run in triplicate. 
Seven samples of commercial whiskies were 
purchased and in quintuplicate for both quantitative 
and quantitative analysis. Known samples of non-
aged spirits and long barrel aged spirits were 
analyzed. The multi-congener standard was included 
in this data set.

This data set was imported into Agilent Mass Profiler 
Professional software. The spirits were profiled by 
their mass characteristics. The experiment was 
repeated using all ion methodology. The all-ion 
method yielded LCMSMS-like spectral confirmation of 
the congeners in the spirits.

The samples were again rerun using all ions 
methodology with high and low fragmentor voltages. 
That data were analyzed against a Congener Agilent 
MassHunter Personal Compound Database and 
Library (PCDL) Manager for verification.
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Results and Discussion

Data base for Qualitative Evaluation

A barrel aging PCDL has been created  previously from all ions data. 
This data base has been used at sites in industry for qualification and 
of barrel aged spirits . The 100 ppm Congener standard was used to 
verify method performance. All Congeners were found with ion 
confirmation.

Results for 100 ppm standard

Congeners R2 m/z

Vanillic Acid 0.999 169.0495

Syringic Acid 0.999 199.0601

Vanillin 0.999 153.0546

Syringaldehyde 0.999 183.0652

Coniferaldehyde 0.999 179.0703

Sinapaldehyde 0.999 209.0808

5 - methylfuran 0.999 111.0441

Gallic Acid 0.999 170.0275

Furfural 0.999 96.0225

5 – Hydroxymethylfuraldehye
(HMF)

0.999 126.0307

Data Analysis 3D PCA

Analysis via LC-TOF  Calibrators, controls (Bourbons), blanks, samples
N=5 for each,  Total dataset = 97 files
Feature Finding Agilent Profinder 
Data Analysis: 97 raw data files, “loose” parameters, non-recursive
Statistical Analysis Agilent Mass Profiler Professional (MPP) 

The workflow allowed 
characterization where all 
spirit samples clustered  
properly. Duplicate samples 
paired correctly. All analysis 
was done blindly and tacitly 
validating the MPP tools

Quantitative Results

Sample Compound Concentration (ppm) Sample Compound Concentration (ppm)

A Vanillin 2.394 F Vanillin 3.89

5 HMF 1.609 Vanillic Acid 40.95

Sryingic Acid 4.37

B Vanillin 1.26 Syringaldehyde 13.46

Vanillic Acid 45.21 Sinapaldehyde 6.98

Sryingic Acid 2.34 Gallic Acid 12.57

Syringaldehyde 10.59 5 HMF 0.96

Sinapaldehyde 29.99

Gallic Acid 12.37 G Vanillin 0.9

5 HMF 2.02 Vanillic Acid 44.46

Sryingic Acid 1.2

C Vanillin 0.95 Syringaldehyde 8.01

Vanillic Acid 45.41 Sinapaldehyde 20.25

Sryingic Acid 1.603 Gallic Acid 8.23

Syringaldehyde 7.74 5 HMF 7.83

5 HMF 0.69

E Vanillin 0.92

D Vanillic Acid 46.47  Vanillic Acid 45.33

Sryingic Acid 0.38 ppm Sryingic Acid 1.05

Syringaldehyde 5.24 Sinapaldehyde 10.44

Sinapaldehyde 0.47 5 HMF 0.63

5 HMF 0.58 Gallic Acid 7.55

Syringaldehyde 7.31

Extracted ions were used to 
create calibration curves 
from 1 ppm to 1000 ppm. 4 
levels at 1, 10, 100,  1000 
ppm.

Longer barrel time
Less barrel time
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Results and Discussion

Conclusions

Qualitative analysis with All Ions Methodology

We are able to use the time of flight for both qualitative and quantitative work. With all ion methodology, we see the 
ability to have MS/MS like spectral confirmation.

Sample G, darkest brown with rich 
aroma, shows definite presence of 
congeners and is a barrel aged 
whiskey

Sample F, dark brown with rich aroma, 
shows definite presence of congeners. 
Sample F is a barrel aged whiskey

Sample E exhibits a golden color 
with an aroma. Definite barrel 
aging is concluded.

Sample A shows only 3 Congeners
Matching a vodka sample and non 
aged bourbon.

The known barrel aged Bourbon with all 10 congeners was run and analyzed with the
Congener PCDL.

Each of the 10 compounds in the mix
was qualified by retention time, accurate
mass, fragment matching, Isotopic
spacing and pattern. When a compound
was qualified, an overlay of fragment
retention times is created along with a
Coelution plot.

The fragment spectra
The compound spectra

Coelution plot of 
fragment spectra 
retention times

Overlay of EICs of 
fragment ions

Sample B. C and D appear to be very 
similar. The congeners are found in low 
concentrations. 
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