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of 2,2-DMP (0 to 1000 µL) to each vial. The
vials were capped and heated at 70 °C for
10-15 minutes. The samples were allowed
to cool, then we added 1mL water and 1 mL
hexane. The vials were vigorously shaken
and the phases allowed to separate. The
ester (upper) layer was sampled for analysis
by GC.

The chromatogram in Figure A is a
representative derivatization of corn oil,
using methanolic HCl, 3 N, 250 µL
2,2-DMP, and 50 µL dimethylsulfoxide
(DMSO). Without 2,2-DMP, trans-
esterification is incomplete. On the other
hand, addition of 250 µL of 2,2-DMP causes
the reaction mixture to turn yellow,▲ and
reaction byproducts appear in the
chromatogram. Higher levels of 2,2-DMP
produce greater amounts of byproducts.
Addition of DMSO to the transesterification
reaction mixture inhibits byproduct
formation (4). DMSO, however, may
interfere with the chromatography
of early eluting fatty acid methyl esters
(Figure A).

Our study showed that using 2,2-DMP in
preparing methyl esters of fatty acids
increased the methyl ester yield. Byproducts
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Derivatized with 1 mL methanolic HCl, 3N, 250µL 2,2-
DMP, 50µL DMSO

Figure A. Fatty Acid Methyl Esters from
Corn Oil

column: SP-2380, 30 m x 0.25 mm I.D.,
0.20 µm film (24110-U)

oven: 150 °C to 250 °C at 4  °C/min.
inj.: 3 µL, split 100:1

det.: FID, 300 °C
carrier gas: helium,  20 cm/sec., set at 150 °C

1. C16:0
2. C18:1
3. C18:2

0 102.5 5 7.5 12.5 15 17.5

797-0153

that can interfere with the chromatography
can be eliminated by adding a small quantity
of DMSO to inhibit their accumulation.

Ordering Information:

Description Cat. No.

Methanolic HCl
0.5 N, 20 x 1 mL 33354
0.5 N, 10 x 5 mL 33095
3 N, 20 x 1 mL 33355
3 N, 10 x 3 mL 33051
3 N, 400 mL 33050-U

2,2-Dimethoxypropane
25 g 33053

Corn Oil
1000 mg 47112-U

SP™-2380 Capillary Column
30 m x 0.25 mm I.D., 0.20 µm film

24110-U
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■HCl is recommended for its high acid strength and
because it can be removed easily.

▼Higher concentrations of methanolic HCl greatly reduce
the reaction time, but must be stored carefully or they will
weaken rapidly. Lower concentrations can be used, but
this prolongs the reaction time and requires a greater total
amount of reagent (see  3).

▲Produced by a polymer originating from condensation of
2,2-DMP (3).

*Adapted from (1). If alcohol used is methanol, products
are methyl esters.

SP is a trademark of Sigma-Aldrich Co.
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Before the fatty acid composition of a lipid
can be analyzed by gas chromatography,
the lipid must be converted to low molecular
weight, volatile, nonpolar derivatives (e.g.,
fatty acid methyl esters). This conversion
usually is through a transesterification –
the glycerol (alcohol) portion of the
triglyceride (ester) is displaced by another
alcohol, in the presence of an acid. The
reaction is represented by the general
equation:*

CH2-COOR1 R-COO-R1 CH2OH
| acid (HCl) + |
CH-COOR2 +3ROH R-COO-R2 + CHOH
| + |
CH2-COOR3 R-COO-R3 CH2OH

esters* glycerol

Transesterification is an equilibrium
reaction. The stoichiometry of the reaction
dictates that for each mole of lipid to be
completely derivatized there must be 3
moles of alcohol but, in fact, it is necessary
to use an excess of alcohol in the reaction
mixture, or to remove one of the reaction
products, to drive the reaction to the right.
When the second option is employed, the
reaction can go to completion.

Transesterification is best done in the
presence of a volatile, acidic catalyst■  which
can be removed, along with excess
alcohol,when the reaction is completed.
2,2-Dimethoxypropane (dimethylacetal
acetone/2,2-DMP) also helps drive
triglyceride transesterification to
completion by reacting with glycerol as it is
formed.  In the presence of acid, excess 2,2-
DMP, and excess alcohol (methanol),
glycerol from a lipid transesterification is
converted largely to isopropylidine glycerol
(IPG) (2).  The reaction is:

CH3 CH2OH
| |
C-(OCH3)2 + CHOH + 2  CH3OH
| |
CH3 CH2OH
2,2-DMP glycerol IPG methanol

To ensure complete conversion of the lipid,
the amount of 2,2-DMP used should be a
molar excess of the total glycerol expected
from the reaction.

We used methanolic HCl, 3 N, a general
purpose transesterification reagent, to
derivatize the triglycerides in a sample of
corn oil. We weighed 10 mg of corn oil into
reaction vials and added 1 mL methanolic
HCl, 3 N▼, 1 mL hexane, and various amounts

CH2OH

CH3CH3

OO

H

→

Derivatization of Corn Oil for Analysis by GC

→

→



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /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 <>
    /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.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


