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Overview
Ultra high pressure LC coupled to the LTQ Orbitrap™

mass spectrometer for:

• process monitoring and quality control measurements

• differential analysis/profiling of complex mixtures

• structural elucidation of constituents in complex
mixtures using multiple levels of fragmentation MSn

We coupled a high resolution/accurate mass
instrument to an ultra high pressure LC. The optimized
LC method decreased the total analysis time from 130 to
25 minutes, bringing about considerable time and cost
savings for routine process monitoring and quality control
applications. Reproducible chromatography combined
with reliable highly accurate mass measurements on the
LTQ Orbitrap enable fast profiling of complex mixtures
for their comparison (typing). Moreover, unknown
components of the mixtures can be identified and their
chemical structures confidently assigned using the MSn

fragmentation capabilities of the LTQ Orbitrap.

Introduction
The analysis of beer represents a significant analytical
challenge in several respects. For one, beer is a very
complex sample containing a wide range of components
including vitamins, amino acids, proteins and bitter acids,
all imparting peculiar organoleptic properties to the drink.
The presence and quantity of certain compounds are
monitored to ensure a consistent product. In typical
settings for process and quality control of beer produc-
tion, the analysis of low molecular weight components
would benefit from high resolution chromatographic
separation, driving the laboratory throughput up and
costs down. 

Bitter acids are of particular interest in beer analysis
due to their considerable impact on the taste of the final
product. Being a large group of closely related
compounds, bitter acids differ in the type and location 
of a side chain substituent. Acquisition of accurate mass
data in both full scan and MSn mode should enable
detailed and confident structural characterization. 
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Figure 1: A: LC-MS base peak trace for a Dutch lager sample contrasting the total run time using 5 µm (top) vs 1.9 µm (bottom) particle column material. 
B. Good chromatography is maintained for the fast separation as exemplified by tracing the elution profile of tryptophan.
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Identifying statistically significant differences among
multiple LC-MS traces is enhanced considerably by having
high mass accuracy and reproducible retention times.
For example, one could envision such ‘fingerprinting’ as 
a routine part of the production monitoring process. For
this type of application, an extremely robust LC-MS
system is absolutely critical. The system must cope with
the potentially deleterious effect of build up of material in
the ion source region. We tested this aspect of routine
operation by running repetitive beer analyses over 
a 24-hour period.

Methods
Two different types of beer (Dutch lager and English ale)
were obtained from a local supermarket. The beer was
degassed for 10 minutes in the ultrasonic bath, and 20 µL
of beer was injected using the Thermo Scientific Accela™

autosampler for each analysis without any other pre-
treatment.

Chromatography was performed using an Accela 
U-HPLC equipped with a reversed phase column. 
The Accela system enables analysis in a ‘normal’ mode
using standard column media (250 x 4.6 mm, 5 µm) as
well as in an ultra-high pressure mode (Hypersil GOLD 
50 x 2.1 mm, 1.9 µm particles). 

The column was maintained at 40 °C for the analyses.
A linear gradient of 0-95% acetonitrile in 0.1% aqueous
formic acid was used. The total run time for the ‘normal’
and U-HPLC run was 130 and 25 min, respectively. 

Data Dependent™ analysis was performed on a
Thermo Scientific LTQ Orbitrap with full scan data
acquired at a resolving power 30,000 (~0.6 sec per scan),
and MSn data acquired at a resolving power 7,500 
(~0.3 sec per scan), one microscan each. Measurements
were done with either external or internal calibration
(mass of n-isobutyl-benzenesulfonamide m/z 214.08962
used as a lock mass). 

Mass Frontier™ 5.0 software was used to assign the
structures and predict the fragmentation pathways.

Both beer types were analyzed in 2-5 replicate
injections, and the obtained LC-MS traces were processed
using SIEVE 1.1.0 software. The SIEVE parameters were:
mass range 150-380 Da, retention time 2-20 minutes,
frame m/z width 0.02 Da, frame time width 2.5 min,
threshold 500,000. 

Figure 2: The inset shows a suggested structure for an unknown species of colupulone analysed in negative ion mode. Accurately measured masses (external
calibration) for both parent and fragment ions enabled the assignment of elemental composition. Mass Frontier software provided insight into fragmentation
pathways of the compound. 



Results
The analysis focused on detecting and quantifying the low
MW components of the beer samples, including
tryptophan, riboflavin and its metabolites, catechins,
ferulic acid, and bitter acids. 

Using U-HPLC and a 1.9 µm particle column we
shortened the total analysis time from 130 min to 25 min
while maintaining very high chromatographic resolution
(Figure 1A). A closer look at the elution profile of
tryptophan shows the peak width at half maximum to be
8.4 s and 4.2 s when using 5 µm and 1.9 µm particle size
columns, respectively (Figure 1B).

Spectra acquired with very high mass accuracy
(observed mass deviation less than 3 ppm for data with
external calibration, respectively) were used for deter-
mining elemental composition and identification of
compounds (Figure 2). The fast cycle time of the LTQ
Orbitrap mass spectrometer enabled us to perform
multiple levels of fragmentation at high resolution. Mass
Frontier 5.0 software was used to predict the structure
and fragmentation pathway for the unknown colupulone
(Figure 2).

We employed SIEVE differential analysis software for
identification of compositional variations between the two
types of beer. The first step of data analysis involves
chromatogram alignment (Figure 3). The SIEVE program
then highlights statistically significant differences between
the analyzed data sets. Information on individual
compounds of interest is presented in a concise user
friendly tabular or graphical form.

The relative abundancies of several typical compounds
present in English ale and Dutch lager samples are shown
in Figure 4. The SIEVE results clearly point to a remark-
able difference in the content of ferulic acid, the English
ale having a much higher concentration.

Figure 4: The peak intensities of several compounds typically monitored in
beer are compared for the analysed samples of English ale (green) and Dutch
lager (blue). The relative abundancies, their molecular formula (M+H)+,
observed m/z, and mass deviation (mmu) are detailed.

Figure 3: The identification of compositional variations between Dutch lager (blue, five replicate analyses) and English ale (green, two replicates) starts with
the alignment of the LC traces using the SIEVE software.

Before Alignment After Alignment



The presence of saccharides and proteins in beer
makes it a challenging mixture to analyse. The robustness
of the system must be assessed. We performed a fully
automated analysis of 50 beer samples, corresponding to
24 hours of continuous analysis. 

Even under such extreme conditions, the instrument
demonstrated remarkable ruggedness (Figure 5). A con-
siderable amount of caramelized deposit was noted at the
heated inlet into the mass spectrometer, but this did not
interfere with the sensitivity or mass accuracy of the
measurements (Figure 6). 

Figure 6: Caramelized deposit accumulated in the ion source after 25
injections of crude beer sample.

Conclusions
The LTQ Orbitrap mass spectrometer coupled to the
Accela U-HPLC system enables sample analysis at both
normal and ultra-high pressure. 

• U-HPLC and small particle columns afford fast analysis
times while maintaining very high chromatographic
resolution (peak width 4 seconds at half height). These
columns also proved to be extremely robust, allowing
for an uninterrupted analysis of 50 untreated beer
samples (continued analysis over a 24-hour period).

• The mass deviation of the LTQ Orbitrap measurements
was always better than 1 ppm using internal calibration,
and remained stable for considerable time (over 24
hours). 

• Accurate mass measurements greatly increase the
confidence in elemental composition assignment. 
The structure of unknown colupulone was derived using
Mass Frontier software relying on accurately measured
parent and fragment ions.  

• Accurate mass measurements also significantly improve
the precision of quantitation by eliminating nearly
isobaric interferences. A dramatic enhancement in the
performance and accuracy of the quantitation software
is observed as well.

• SIEVE differential expression software enables large-
scale statistical evaluation of multiple complex LC-MS
analyses. Such fast and powerful ‘fingerprinting’ analysis
can be applied in process and/or quality control
monitoring.
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Figure 5: Robustness study monitored the peak area and the mass accuracy over 24-hour period while analyzing 50 repeated injections of Dutch lager.
Presented data are for the compound riboflavin (m/z 377.14556) with internal calibration. 

CV=7.7%

Thermo Fisher Scientific 
(Bremen) GmbH is certified 
DIN EN ISO 9001:2000
Thermo Fisher Scientific, 
San Jose, CA USA is ISO certified.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 false
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


