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We have previously studied the chemical composition of essential oil (EO) from seeds of Anethum graveolens from
Xinjiang Autonomous District in the PRC [1].  The component composition of essential oils is known to depend on the habitat.
It seemed interesting to compare the composition and biological activity of EO from dill seeds growing in China and Uzbekistan.
We used GC—MS to establish the structures of the isolated compounds.

EO from seeds of A. graveolens (2007 harvest) that were collected in Tashkent Oblast was isolated by steam distillation
in 4.2% yield.  The chemical composition of the EO was studied using a Perkin—Elmer Turbo GC—MS.  The component
content of the oil was calculated using areas of GC peaks of total ion current without correlation coefficients.  EO components
were identified by comparing retention times and mass spectra of the component obtained in mass scanning mode and by
using mass-spectral library data for standard oil components and pure compounds.  A total of 22 chemical compounds was
identified in EO of A. graveolens seeds growing in Uzbekistan.  Table 1 lists the chemical composition of the EO.

The principal EO components from dill seed growing  in  Uzbekistan  were  carvone  (73.61%),  limonene  (14.69),
cis-dihydrocarvone (5.87), diplaniol (1-allyl-2,5-dimethoxy-3,4-methylenedioxybenzene) (2.16), and 1,2-diethoxyethane
(1.43%), which together made up 99.2% of the total EO component composition.  The principal components of EO from dill
seed growing in China were n-pentacosane (27.96%), dioctylester of 1,2-phenyldicarboxylic acid (25.10), octacosane (13.81),
tricosane (9.14), and n-nonacosane (6.85%) [1].  A comparison of our data with that obtained earlier indicated that both the
qualitative and quantitative composition of the principal EO components of A. graveolens growing in different geographic
zones differed considerably.  The high content in the studied EO of carvone, which is widely used as a growth inhibitor of
bacteria [2-4] and certain fungi [5] and as a repellent [6] is noteworthy.  Both S-(+)-carvone and R-(-)-carvone are used in the
food industry to produce flavors [4] and in agriculture.  For example, S-(+)-carvone is used in the Netherlands to prevent
premature sprouting of potato tubers and tulip bulbs during storage [7, 8].  Carvone is an available and inexpensive reagent for
organic synthesis in both enantiomeric forms.  This makes it attractive for asymmetric synthesis of natural compounds [9].

Antimicrobial activity of EO fractions toward Candida albican and Staphylococcus aureus was estimated using the
Barry method to determine the minimal inhibiting concentration (MIC) [10].  Growth of microorganisms decreased markedly
upon addition of EO to nutrient medium.  The experimental results are given below:

Complicated mixtures of monoterpenes and sesquiterpenes from A. graveolens EO possessed pronounced antimicrobial
and fungicidal activities and were a strong barrier against penetration of bacterial and fungal infection in plant seeds during
their storage and sprouting.  Furthermore, a comparison of the results and the literature showed that EO from dill seeds
cultivated in Uzbekistan consisted mainly of carvone, limonene, cis-dihydrocarvone, diplaniol, and 1,2-diethoxyethane as the
principal components whereas the principal components of EO from seeds of European and Indian dill were limonene and
carvone [4, 11].
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Plant Material and Isolation Method.  EO was isolated from dill seeds (100 g) by grinding in a coffee grinder and
extracting using steam distillation for 4 h.  EO was extracted from the aqueous emulsion using diethylether and dried over
anhydrous Na2SO4 overnight.  Ether was removed by evaporation on a water bath to afford EO (4.2% yield).

Analysis of EO Components by GC—MS.  The chemical composition of EO was studied using GC—MS on a
Perkin—Elmer Turbo Mass Aid System XL with a quadrupole mass-selective detector.  We used a quartz capillary column
with copolymer 5%-phenylmethylsilicone (PE-5MS, 30 m × 0.25 mm) and a stationary phase (25 μm thick).  The He carrier
gas flow rate was 35 cm/s.  The column was heated according to a temperature program starting at 75°C for 2 min, heating to
100°C at 2°C/min, to 160°C at 4°C/min, to 220°C at 2°C/min, and holding at that temperature for 2 min.  The duration of the
final isothermal mode was 20 min at 230°C.  Sample volume was 0.2 μL.  Vaporizer temperature was 180°C; detector, 220°C;
ionization potential, 70 eV, mass scan range, 30-550 m/z.

Antimicrobial and fungicidal activity of dill-seed EO was investigated by the Barry method [10].
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TABLE 1. Composition of Essential Oil from Anethum graveolens Seeds

Component 
Retention time, 

min 
Content,  

% 
Component 

Retention time, 
min 

Content, 
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1,2-Diethoxyethane 
Ethylacetate 
�-Phellandrene 
�-Myrcene 
Limonene 
Sabinene 
2,6-Dimethyl-1,3,5,7-octatetraene 
1-Methyl-3-(1-methylethyl)benzene 
2-Methyl-2-propenylbenzene 
Limonene oxide 
Dihydrocarvone 

6.807 
8.84 

18.66 
18.91 
21.42 
21.68 
21.96 
25.33 
36.72 
37.40 
48.72 

1.43 
0.06 
0.03 
0.07 

14.69 
0.02 
0.07 
0.03 
0.02 
0.02 
1.44 

cis-Dihydrocarvone 
�-Humulene 
D-Carvone 
cis-Dihydrocarveol 
m-Carveol 
Carvone oxide 
3,5-Dimethylcyclohexen-1-one 
cis-Carvone 
Farnesene 
Myristicin 
Diplaniol 

50.12 
56.17 
57.57 
58.89 
62.01 
62.58 
63.11 
63.77 
72.82 
85.75 
91.82 

5.87 
0.02 

73.61 
0.15 
0.04 
0.02 
0.03 
0.04 
0.01 
0.04 
2.16 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Saturation
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /RUS <>
  >>
  /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


