
5570009-3130/09/4504-0557 ©2009 Springer Science+Business Media, Inc.

Chemistry of Natural Compounds, Vol. 45, No. 4, 2009
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The genus Tanacetum with ca. 200 species is widespread mainly in Europe, Asia, and North America [1–3]. The plant
is 30–150 cm tall [3, 4] and has a hairy stem and woody roots and branches. It is an aromatic perennial plant. Tanacetum
extracts have been widely used against intestinal worms, kidney disease, and respiratory infections [2]. They are also natural
antioxidants [5]. Tanacetum species have been used since ancient times. They have traditionally been used as a repellent and
deterrent against insects and to alleviate the symptoms of migraine, arthritis, and psoriasis [6]. The dynamic headspace technique
is a very popular method for analyzing volatile compounds in food [7] and plant materials [8]. Direct thermal desorption
(DTD) is one of the dynamic headspace techniques with cryogenic trapping. This technique allows for the qualitative and/or
quantitative analysis of volatile compounds with little or no sample preparation [9]. The main objectives of this study are to
characterize the composition of the volatile fractions obtained from the leaves and flowers of Turkish endemic T. cadmeum
analyzed by GC×GC-TOF/MS and to carry out a comparative evaluation of its composition with respect to the isolation
techniques, namely HD and DTD. Reviewing the literature, it appears that the chemical composition of the essential oil of
T. cadmeum has not been investigated before.

Tanacetum cadmeum (Boiss.) Heywood ssp. cadmeum was collected at the flowering stage (June 2007) from the
Honaz Mountain, Denizli, Turkey. Air-dried leaves and flowers were subjected to hydrodistillation in a Clavenger apparatus
for 3 h. The GC×GC-TOF/MS system was equipped with a dual stage commercial thermal desorption injector, incorporating
a thermal desorption unit (TDU), connected to a programmable-temperature vaporization (PTV) injector, CIS-4 plus (Gerstel),
by a heated transfer line. The injector was equipped with an MPS autosampler (Gerstel) able to handle the program for
98 thermal desorption tubes. Initial desorption is carried out at 150°C using the TDU for 3 min under a helium flow of
1.5 mL/min in the splitless mode while maintaining a cryofocussing temperature of 20°C in the PTV injector of the GC–MS
system. After cooling of the TDU to 40°C, the programmable temperature vaporization system is ramped to a final temperature
of 200°C and the analytes are transferred to the GC column. The first column was a nonpolar DB5 (5% phenyl–95% methyl
polysiloxane, 28.8 m × 0.32 mm i.d. × 0.25 μm film thickness) and the second column, a DB17 (50% methyl–50% phenyl
polysiloxane, 2.1 m × 0.10 mm i.d. × 0.10 μm film thickness). Both columns were purchased from J & W Scientific (Folsom,
CA, USA). Helium was used as a carrier gas. The initial temperature of the first column was 70°C for 30 sec and the subsequent
temperature program was a heating rate of 5°C min–1 until 260°C was reached and held isothermally for a further 5 min. The
initial temperature of the second column was 85°C for 30 sec and a 5°C min–1 heating rate was used until 275°C was reached
and held isothermally for a further 5 min.

The composition of volatiles obtained from dried T. cadmeum leaves and/or flowers using DTD and HD is presented
in Table 1. The yield of essential oil from T. cadmeum using HD was 1.35%. Sixteen main compounds have been labelled. The
number of components identified in samples from flowers and leaves using DTD and leaves and flowers together using HD
was 43, 46, and 42, respectively. The thirty-three components identified were common to both the DTD and HD techniques.
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TABLE 1. Percentage Compositions of T. cadmeum Volatile Components Isolated Using Hydrodistillation (HD) and Direct
Thermal Desorption (DTD) Techniques

Volatiles of leaves of 
T. cadmeum using DTD 

Volatiles of flowers of 
T. cadmeum using DTD 

Volatiles of leaves and flowers 
of T. cadmeum using HD Compounda RIb 

%c RSDd % RSD % RSD 

3-Methylbutanal 
2-Methylbutanol 
Hexanal 
2,3-Butanediol 
α-Thujene 
α-Pinene 
Camphene 
Benzaldehyde 
β-Pinene 
2-Carene 
α-Phellandrene 
3-Carene 
p-Cymene 
Eucalyptol 
γ-Terpinene 
Terpinolene 
Linalool 
Nonanal 
Phenylethyl alcohol 
α-Campholenal 
L-Pinocarveol 
Camphor 
cis-Verbenol 
Sabina ketone 
Borneol 
Terpinen-4-ol 
p-Cymen-8-ol 
Myrtenal 
α-Terpineol 
Carveol 
Verbenone 
Nerol 
Piperitol 
Cumin alcohol 
Bornyl acetate 
Ascaridol 
Thymol 
2-Caren-10-al 
α-Terpinenyl acetate 
Eugenol 
Ledene oxide 
α-Gurjunene 
Germacrene D 
α-Curcumene 
Caryophyllene oxide 
Spathulenol 
Dibutyl phthalate 
Eicosane 
Hexadecenoic acid 
Unknown 

641 
739 
801 
806 
938 
939 
953 
960 
981 
994 

1006 
1009 
1027 
1030 
1074 
1088 
1100 
1104 
1118 
1125 
1139 
1139 
1140 
1156 
1162 
1179 
1183 
1194 
1195 
1197 
1204 
1232 
1233 
1251 
1283 
1300 
1290 
1292 
1348 
1364 
1440 
1443 
1482 
1553 
1573 
1619 
1965 
2000 
2380 

– 

0.87 
0.61 
0.16 
0.08 
2.45 
3.85 
1.95 

– 
2.19 

– 
1.68 
1.23 

11.93 
26.97 
1.37 
0.76 
0.05 
0.13 
0.09 
0.47 
0.16 
1.15 

– 
0.10 
1.33 
0.39 
0.34 
0.05 
0.70 
0.61 
3.66 
0.21 
2.15 
1.62 
1.85 

22.42 
0.15 

– 
0.09 
0.23 
0.05 

– 
0.05 

– 
0.10 
0.22 
0.19 
0.27 
0.05 
5.02 

4.69 
3.85 
6.28 
6.81 
4.83 
5.74 
2.99 

– 
6.75 

– 
5.84 
6.34 
8.02 
6.04 
4.95 
6.83 
7.11 
8.47 
7.41 
6.53 
7.19 
4.46 

– 
7.73 
6.28 
5.51 
7.35 
8.80 
6.06 
7.61 
6.33 
5.06 
4.84 
6.15 
4.18 
4.29 
5.87 

– 
7.03 
5.60 
7.76 

– 
8.13 

– 
4.94 
6.94 
8.30 
7.71 
8.91 
6.12 

0.85 
0.64 
0.28 
0.78 
1.02 
2.49 
0.64 
0.07 
3.49 
6.18 
1.35 
0.14 
9.33 
0.82 
15.29 
0.29 
0.58 

– 
0.10 
0.09 
0.17 
0.50 
0.39 
0.22 

– 
0.52 
0.36 
0.07 
1.15 
0.44 
2.38 

– 
0.47 
1.53 
0.35 
39.77 
0.10 
0.11 
0.06 
0.29 
1.08 
0.12 
0.06 
0.12 
0.08 
0.10 
0.16 
0.29 
0.12 
4.56 

5.43 
3.71 
6.83 
3.89 
4.43 
3.65 
4.51 
7.09 
5.17 
4.40 
6.08 
6.71 
5.52 
4.47 
6.02 
8.17 
3.73 

– 
8.84 
6.26 
5.19 
6.71 
3.84 
6.33 

– 
4.85 
6.59 
8.81 
7.62 
5.15 
6.64 

– 
3.89 
5.83 
6.18 
5.13 
4.31 
6.15 
8.17 
5.66 
4.29 
7.16 
6.43 
8.66 
4.91 
7.88 
8.57 
6.37 
7.28 
5.96 

–e 
– 
– 
– 
– 

1.28 
0.45 
0.07 
1.82 
3.40 
0.38 
0.34 
7.16 

12.01 
3.57 
0.53 
0.14 
0.06 

– 
0.25 
0.50 
1.95 
0.66 
0.12 
0.11 
1.20 
0.52 
0.12 
0.60 
0.55 
5.67 
0.16 
0.66 
0.68 
2.08 

45.96 
0.05 
0.08 
0.05 
0.14 
0.29 
0.08 
0.17 
0.25 
0.09 
0.29 

– 
0.24 
0.07 
5.19 

– 
– 
– 
– 
– 

4.44 
6.89 
6.71 
3.84 
5.53 
7.62 
3.26 
4.68 
4.71 
4.18 
7.09 
4.67 
6.20 

– 
5.43 
4.47 
5.79 
4.75 
6.94 
8.13 
3.85 
5.47 
6.19 
6.50 
3.88 
6.57 
5.94 
3.48 
4.41 
5.76 
6.15 
5.68 
6.10 
7.08 
6.24 
6.83 
7.98 
4.43 
5.35 
7.23 
7.08 

– 
5.93 
8.97 
5.05 

 
RI: retention indices; aAs identified by GC×GC-TOF/MS software; names according to NIST mass spectral library, and by
comparing their Kovats retention indices; bKovats retention indices (column: DB 5); cPercentage of each component is calculated
as peak area of analyte divided by summarized peak area of total ion chromatogram (In the case of multiple identification, the
areas of the peaks that belong to one analyte were combined to find the total area for this particular analyte); dThe relative
standard deviations (RSD) for four (n = 4) experiments; eNot detected or percentage of the component is lower than 0.05%.
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Phenylethyl alcohol (0.09–0.10%), dibutyl phthalate (0.16–0.19%), and the first five components listed in Table 1
(3.75–4.17% in total) isolated by the DTD technique were not found using HD. Esteban et al. [8] also reported that recovery
of both low volatile and thermally labile compounds was better using thermal desorption compared with hydrodistillation.
Almost the same number of components (at concentrations above 0.05%) was found in the DTD and HD volatile fractions.

As can be seen from Table 1, the major components in the leaf volatiles of T. cadmeum were eucalyptol (26.97%),
ascaridol (22.42%), and p-cymene (11.93%). In the flowers, the main compounds were ascaridol (39.77%), γ-terpinene (15.29%),
and p-cymene (9.33%). As leaves and flowers were used together in HD, the volatile compounds show similar trends. The
main difference between the samples of leaves and flowers is the percentage amounts of eucalyptol (26.97 and 0.82%) and
γ-terpinene (1.37 and 15.29%), respectively. In addition, using DTD, benzaldehyde, 2-carene, cis-verbenol, 2-caren-10-al,
α-gurjunene, and α-curcumene were not detected in the leaves of T. cadmeum but were found in flowers. Conversely, nonanal,
borneol, and nerol were not detected in flowers but were detected in leaves. According to the literature, there have been no
previous publications concerning the volatile (essential oil) composition of T. cadmeum. Caliskan et al. [10] only looked at the
crystal structures of eight lactones, two coumarins, and two flavonoid derivatives from T. cadmeum. There are not many
Tanacetum species whose chemical compositions have not been explored. Looking at Tanacetum species reported in previous
studies [1–6], there are considerable differences in the essential oil compositions. Kitchlu et al., [4] found 39 compounds in
T. gracile, 16 of which  agree with this study. They found lavandulol (21.5%), 1,8-cineole (15.2%), and α-pinene (11.2%) to
be the main components. Ozer et al. [3], found camphor (54.4%) to be the main compound from T. sorbifolium (total  29
compounds). Nori-Shargh et al. [6] found camphor (53.5–59.1%), camphene (10.9–14.8%), and 1,8-cineole (7.8–10.1%) as
the major constituents in the volatile oil of the flowers and leaves of T. polycephelum. Differences in the quality or quantity of
the composition of essential oils may be due to collection time, differing chemotypes, drying conditions, mode of distillation
and/or extraction, and geographic or climatic factors.

It can be concluded that hydrodistillation is still a very well known and widely used technique in the essential oil
industry. However, it has longer processing times. On an industrial scale, hydrodistillation would still be the main method used
in actual extraction of essential oil, but DTD could be used to check which components are being missed out in this process
very quickly and easily without the need for time-consuming, expensive sample preparation.

ACKNOWLEDGMENT

The financial support of the UK Engineering & Physical Sciences Research Council, UK EPSRC and the UK Natural
Environment Research Council are gratefully acknowledged.

REFERENCES

1. P. Weyerstahl, H. Marschall, K. Thefeld, and A. Rustaiyan, Flavour Fragr. J., 14, 112 (1999).
2. S. Dragland, J. Rohloff, R. Mordal, and T. H. Iversen, J. Agric. Food Chem., 53, 4946 (2005).
3. H. Ozer, H. Kilic, M. Gulluce, and F. Sahin, Flavour Fragr. J., 21, 543 (2006).
4. S. Kitchlu, S. K. Bakshi, M. K. Kaul, M. K. Bhan, R. K. Thapa, and S. G. Agarwal, Flavour Fragr. J., 21, 690 (2006).
5. S. Dragland, H. Senoo, K. Wake, K. Holte, and R. Blomhoff, J. Nutr., 133, 1286 (2003).
6. D. Nori-Shargh, H. Norouzi-Arasi, M. Mirza, K. Jaimand, and S. Mohammadi, Flavour Fragr. J., 14, 105 (1999).
7. A. M. Spanier, A. J. St. Angelo, C. C. Grimm, and J. A. Miller, ACS Symposium Series 558, Washington, DC,

1994, p. 78.
8. J. L. Esteban, I. Martinez-Castro, and J. Sanz, J. Chromatogr. A, 657, 155 (1993).
9. M. Z. Ozel, F. Gogus, and A. C. Lewis, J. Chromatogr. A, 1114, 164 (2006).

10. Z. Caliskan, N. Goren, and W. H. Watson, J. Chem. Crystallogr., 34, 307 (2004).



<<
  /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


