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INTRODUCTION

Whisky is Scotland’s biggest export
commodity

There are several different whisky regions
each has characteristic flavours...

Whiskys from Islay are renowned for medical

peatiness and maritime flavours

Speyside whiskys are renowned for
elegance, exhibiting flowery, heathery-
honey notes and a restrained, fragrant
peatiness

Using a chemometric approach based upon
principal component analysis (PCA) and the
MarkerLynx application manager to mine
exact mass UPLC- and GC-TOF/MS data we
show that is it possible to distinguish
between different whiskys.

This methodology could be for food quality,
authenticity and traceability studies.

METHODS

GC/ToF MS
= CTC Analytics CombiPal autosampler with SPME
> Fibre for flavours, volatiles & semi-volatiles
= Agilent 6890N GC
= GCT Premier
» Electron Impact (EI+) m/z 50 — 500
» lock mass = m/z 218.9856 Perfluorotributylamine,
» Dynamic Range Enhancement (DRE) On
» Analysis time = 30 min
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Fig 1a: GCT Premier Fig 1b:

UPLC/Q-ToF Premier MS
= Waters Acquity UPLC column

» Acquity BEH C18 1.7 um 2.1 x 100 mm Column
= Q-ToF Premier

» Electrospray (EI-) m/z 50 — 1000

» lock mass = m/z 554.2615 Leucine Enk.

» Dynamic Range Enhancement (DRE) On

» Analysis time = 10 min

UPLC/Q-ToF Premier
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Fig 2: Small molecule profiling work flow

Figure 2 shows a typical work flow used
for small molecule profiling. This work
flow was followed during this study.

CONCLUSIONS

e Using GC/MS and UPLC/MS different
whiskys could easily be distinguished.

e The whiskys used in this study do not
separate on geographical location alone.

e Whisky flavour is determined by many
factors e.g. type of barrel it is matured in,
type of still used etc

e The application of UPLC/MS and GC/MS-
chemometric analysis can be applied for:

- Monitoring of product quality

-~ Routine monitoring of raw material
quality

- Detection of product adulteration,
contamination & substitution

-~ Replacement or augmentation of
sensory evaluation with analytical
instrument systems
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RESULTS AND DISCUSSION
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GC/MS Speyside UPLC/MS Speyside
Fig 3: (a) Typical chromatograms obtained using GC/TOF MS

(b) Typical chromatograms obtained using UPLC/ TOF MS
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Fig 4: The MarkerLynx Browser containing, sample list, marker
table, trend line, scores plot and loadings plot.

STATISTICAL ANALYSIS
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Fig 5: The score plot obtained on analysis of the UPLC/TOF MS
data
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Fig 7:The score plot obtained on analysis of the UPLC/TOF MS
data
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= The whiskys were analysed using GC/TOF
MS and UPLC/TOF MS.

= Figure 3 shows some typical examples of
the chromatograms obtained

= Data were processed using Waters
application manager MarkerLynx, which
enables comparison of data sets.

= Figure 4 shows the MarkerLynx browser.

= MarkerLynx incorporates a peak
deconvolution package which allows
detection and retention time alignment of
the peaks in the eluting chromatograms.

= Data is collected into a single matrix by
aligning peaks with the same
mass/retention time along with their
normalised intensities.

= PCA is subsequently performed.

WHISKY LEMS DATARI (P CAK), all whisky data PG
plComp. 114p(Comp. 2]

Fig 6: The loadings plot obtained on analysis of the UPLC/
TOF MS data

The scores plot (fig. 5) provides information
about the similarity of each sample. Each
symbol represents a single injection.

The loadings plot (fig. 6) shows which exact
mass retention time pairs (EMRTS) are
responsible for the clustering observed in
the scores plot.

More detailed information can be obtained if
only two variables are compared using
OPLS within Unimetrics’ SIMPCA-P software
package. For example Glenfiddich Ancient
and Vintage reserves (fig. 7). The
confidence in each EMRT along with its
contribution can be easily be assessed.
Interesting results can be extracted and
used to populate the results table in
MarkerLynx
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Fig 8:Screen shot showing the UPLC/TOF MS results table and
the option to database search

= Within the results table (fig. 8) the
elemental composition of the EMRTs can be
calculated. Both accurate mass and
elemental composition can be used in a
database search to enable identification of
the compounds.

= Local databases and on-line searching can
be performed. ChemSpider (fig. 9) is a free
online chemistry search engine that
accesses over 80 different databases.

= Identification of EMRTs identified from the
GC-MS analysis can be performed by library
searching (fig. 10).

DATA BASE AND LIBRARY SEARCHING
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Fig 10:Screen shot showing some of the resultd obtained fron
searching the NIST library and the GC/TOF MS results table,

720002560EN
©2007 Waters Corporation v1





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


