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Introduction

£5 Billion

$120 Billion

*Scotch Whisky Association, 2015.
**Distilled Spirits Council USA, 2015.

• Chemical profiling of whisky is required:
• Quality control of whisky for consistent product

• Understand how aging and storage impacts the final taste and odour of the 
finished product.

• Combat adulteration/counterfeiting is a significant threat.
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Whisky Adulteration

• Three common types of adulteration:

1. Artificial colouring to simulate the aging process. Can also be achieved by 
heating during the aging process to speed up the colouration.

2. Substitution of an alternative spirit with chemicals artificially added to 
simulate whisky flavours and colour. No control over these chemicals.

3. Refilling labelled bottles with either a cheaper genuine whisky or an 
artificial whisky. i.e., 5 year whisky into 
a 18 year whisky labelled bottle, or blended 
whisky into single malt labelled bottle.
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Orbitrap™ GC-MS: The Technology 

Thermo Scientific™ ExtractaBrite™ ion source technology

Routine grade robustness

Patented RF lens 

Removable without breaking vacuum through VPI

Vacuum-free column replacement through VPI  

Orbitra™p mass 
analyzer 

Incredible HRAM 
performance

Extended 
Dynamic Range 

Thermo 
Scientific™ Trace 
1310 GC system 

Unique modular 
injector and 
detector design

Short cycle time 
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Bringing GC and Orbitrap™ Technology Together

C-TRAP

HCD Cell

AQT 
Quadrupole

Orbitrap 
Mass Analyzer

Bent
Flatapole

ExtractaBrite™ 
Ion Source



7

Redefining Routine GC-MS

RP 60,000 (FWHM @ m/z 200)

EI/CI; Full-scan; Timed-SIM

Thermo Scientific™ Exactive™ GC 
system

Two Options in the Orbitrap™ GC-MS Family

Thermo Scientific™ Q 
Exactive™ GC system

Unprecedented Depth in Analysis

RP 120,000 (FWHM @ m/z 200)

EI/CI; Full-scan, Timed-SIM

MS/MS capability
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Analytical Approach in This Proof of Concept Study

• Are there any chemical differences between whisky samples?
• Bourbon or Scotch Whisky
• USA or Scotland, Highland or Lowland
• 10,15, 18 year aging

• Approach was to run full scan analysis under generic GC conditions and 
use software tools to identify.
• if there are differences: Using statistical software i.e, Compound 

Discoverer™
• what the differences are:

Using software tools including NIST libraries, deconvolution software 
and elemental composition and fragment matching software
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Experimental – Whisky Profiling
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Experimental - Samples

• 9 whisky extracts in ethyl acetate analysed 4 times in random order

• Pool sample prepared from 20 µl each whisky

• Run at 60,000 resolution on Thermo Scientific™ 
Q Exactive™ GC system

Sample ID Type Age Country of Origin Region

2263 Single 12 Scotland Lowlands

2264 Single 18 Scotland Lowlands

2265* Single NAS Scotland Lowlands

2281 Single 10 Scotland Campbeltown

2282 Single 15 Scotland Campbeltown

2283 Single 15 Scotland Campbeltown

2284 Single 12 Scotland Highland

2285 Single 18 Scotland Highland

2295 Bourbon - USA Kentucky
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Experimental – Instruments

• Thermo Scientific™ Q Exactive™ GC Hybrid Quadrupole-Orbitrap™ Mass 
Spectrometer

• Sample introduction was performed using a Thermo Scientific™ TriPlus™ RSH 
Autosampler, and chromatographic separation was obtained with a Thermo 
Scientific™ Trace™ 1310 GC.

• Data was processed using the Compound Discoverer 2.1 Peaks investigated in 
Thermo Scientific™ TraceFinder™ deconvolution software.
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Results – Whisky Profiling
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TIC Whisky Sample

F:\Work\...\8April_60K_Whisky_025 04/10/15 06:10:59
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Differential Analysis Workflow

Experiment definition 
(sample grouping)

Data processing
(peak alignment & extraction)

Data export 
Data review 

(based on %CV, p-values)

import .raw data
(full scan EI or CI)

Statistical analysis

ID in TraceFinder
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PCA from Compound Discoverer

Pool

Technical replicates in good agreement and clear differences between samples

Bourbon

3 Wood
(inc ex-bourbon)

Same distillery

15 Year

10 Year
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Taking a Closer Look at the Data

Initial approach is to investigate the differences in the bourbon and 3 wood 
aged from other whiskies

Bourbon
- new charred oak

Single malt aged in 3
Barrels

- Bourbon
- Oloroso
- Pedro Ximenez
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Volcano plot between Bourbon and Single whisky

Unique in bourbonUnique in single malt



18

CD 2.1: Extracted ion chromatogram across all samples

Peak elevated in bourbon
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Box Chart of Peak at 13.65 Minutes Across all Samples 

Bourbon
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Peak Detection and Candidate Matching

Deconvolve TIC Create “clean” spectrum

Acquired

Library

Library search
Candidate 
Compounds
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High Resolution Filtering

C8H8Cl2O2

Subset 
formulae

∑ (m/z *Intensity)explained

∑ (m/z *Intensity)observed
HRF Score = x 100%

Candidate 
Compounds
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NIST Library Hit for Trans β Ionone

Acquired spectrum

NIST spectrum

Trans β Ionone

NIST hits filtered
based on high 
resolution filtering
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14May_60K_Whisky_PCI_001 #3690 RT: 13.96 AV: 1 SB: 2 13.89 , 14.03 NL: 3.26E4
T: FTMS + p CI Full lock ms [50.00-500.00]
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PCI Analysis to Confirm Parent Ion

[M+H]+



24

Parent and 6 Most Intense Fragments Support Identification with <1 ppm

8April_60K_Whisky_021 #3045 RT: 13.61 AV: 1 SB: 2 13.54 , 13.68 NL: 1.02E8
T: FTMS + p EI Full lock ms [50.00-600.00]
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177.12736
R=69378

C 12 H17 O = 177.12739
-0.15832 ppm

91.05424
R=106688

C 7 H7 = 91.05423
0.10093 ppm

162.10384
R=77255

C 11 H14 O = 162.10392
-0.45190 ppm

105.06997
R=92703

C 8 H9 = 105.06988
0.88736 ppm

135.08040
R=80671

C 9 H11 O = 135.08044
-0.33542 ppm

69.03350
R=148649

C 4 H5 O = 69.03349
0.18322 ppm

Fragment Ion Formula Mass Error (ppm)

192.15092 C13H20O 0.25

177.12736 C12H17O 0.16

162.10384 C11H14O 0.45

135.08040 C9H11O 0.33

105.06997 C8H9 0.88

91.05424 C7H7 0.10

69.03350 C4H5O 0.18
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Literature Search for Beta Ionone Supports 

• Beta-ionone is a breakdown product of beta-carotene and expected to be 
found in whisky

• Bourbon  brewed from corn; Scotch Whisky from barley
• Corn is higher in beta-carotene (53 µg/200g) compared to barley (7 

µg/200g (Source: Nutritiondata.com)
• This would support the higher levels of beta-ionone found in our data
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PCA for Single Distillery But Different Years

(12 Year)

(No age statement) (18 Year)
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Boxplot of Peak at 10.4 Minutes

12 Year 18 Year

No age statement
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Identify the Compound – Searching NIST 14

• Identification based on:
1. Search index (717)
2. High resolution filtering (HRF) 99.6% of spectrum explained based 

on C6H6O3
3. Combined score (SI & HRF) 94.2%

• Eliminates other hits that would be valid if only SI used.

Hydroxymethyl furfural
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• Use the same identification process to build a chemical profile of a 
sample

• What is in my whisky sample?

Profiling Samples

= 1037 deconvoluted features

+ = 675 identified compounds
SI >700
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• Q Exactive GC provides a comprehensive chemical profile of a sample, 
detecting both major and minor components with a high degree of 
confidence

• In whisky, the chemical differences are rarely unique. However, the 
concentration of compounds does vary significantly between whiskies of 
different origins, ages and processes. 

• Sophisticated, yet simple to use, software tools provides fast isolation of 
peaks of interest and intelligent compound identification with sub 1 ppm 
mass accuracy

Conclusions
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Further Details in Application Note 10492 and poster
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• Jana Hajslova & Jana Pulkrabova - ICT Prague, Czech Republic

• Cristian Cojocariu & Paul Silcock & Dominic Robert – Thermo Fisher 
Scientific
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Food & Beverage Resources 

www. thermofisher.com/foodintegrity

• Webinars

• Applications

• Blogs

• Regulatory updates

• White papers

• And more…
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