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Persea americana Mill. (Lauraceae) is a tree plant, also called avocado. It is chiefly grown in temperate regions and
sparsely grown in tropical regions of the world; it is native to the Central American region and is appreciated worldwide
because of its special organoleptic characteristics and nutritional value �1, 2�. It is recommended for anemia, exhaustion,
hypercholesterolemia, hypertension, gastritis, and gastroduodenal ulcer �3�. The leaves have been reported as an effective
antitussive and antidiabetic, and for relief of arthritis pain, by traditional medicine practitioners of the Ibibio tribe in South
Nigeria. Analgesic and antiinflammatory properties of the leaves have been reported �4�. The chemical composition of the
essential oils of some Persea spices has been investigated before.��-Caryophyllene (43.9%) and valencene (16.0%) are the
most abundant compounds in the oil of P. americana from Nigeria �5�. Methyl chavicol (syn., estragole) (53.9%) is the major
component in the oil of P. americana var. drymifolia cv. Duke from Cuba �2�. (E)-Avocadodienofuran (15.3%),
(E)-avocadenynofuran (13.2%), and �-caryophyllene (11.0%) were the major components in the oil of P. indica Spreng �6�. In
another study, the oil of P. americana revealed that (Z)-nerolidol, (E,E)-2,4-decadienal, (E,E)-�-farnesene, �-caryophyllene,
caryophyllene oxide, and �-copaene were the major components �1�. The major components in the volatile leaf oils of
P. podadenia Blake grown in the Sierra Madre Occidental, Mexico, were �-pinene (20%), �-3-carene (16%), limonene (12%),
myrcene (10%), ��-terpinene (10%), camphene (9%), �-pinene (8%), and �-phellandrene (8%) �7�. Estragole (methyl chavicol)
was the chief constituent in the essential oil of Aguacato (the Mexican Avocado tree) �8�.

This paper reports the chemical constituents of the leaf essential oil of P. americana  cultivated in the north of Iran for
the first time.

Identification of constituents of the oil was made by comparison of their mass spectra and retention indices (RI) with
those given in the literature and authentic samples �9�. Relative percentage amounts were calculated from the GC peak area
using a Shimadzu C-14A chromatopac apparatus. The identified constituents can be seen in Table 1. Thirty-six components
were characterized, accounting for 97.7% of the oil. As is shown, the oil consists of 54.5% monoterpenes, 0.6% oxygenated
monoterpenoids, 37.7% sesqiuterpenes, and 4.9% oxygenated sesquiterpenoids with methyl eugenol (31.2%), �-caryophyllene
(16.9%), estragole (9.0%), �-cadinene (4.8%), �-pinene (4.2%), and �-pinene (3.2%) as the major components in the oil.

Plant Material. The leaves of Avocado (Persea americana) were collected in February 2006 from Ramsar, Province
of Mazandran, North of Iran, where the Avocado trees were cultivated. Voucher specimens have been deposited at the Herbarium
of the Research Institute of Forest and Rangelands (TARI), Tehran, Iran.

Extraction of the Essential Oil. The air-dried leaves of Avocado were subjected to hydrodistillation using a
Clevenger–type apparatus for 4 h. After decanting and drying of the oil over anhydrous Na2SO4, the corresponding pale-yellow
oil was isolated in a yield of 0.15% (w/w).

GC Analysis of the oil was carried out using a Shimadzu 15A gas chromatograph equipped with a 30 m 	 0.25 mm
DB-5 column, film thickness 0.25 
m, temperature programmed at 60�C (3 min) – 220�C (5 min) at 5�C/min. N2 was used as
carrier gas (1.0 mL/min). The split injector (ratio 1:30) and the flame ionization detector (FID) temperatures were set at 250�C.
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GC/MS Analysis was performed using Hewlett-Packard 6890/5973 GC/MS equipment with a 30 m 	 0.25 mm, film
thickness 0.25 
m HP-5MS column. Helium (99.999%) was used as carrier gas (1.0 mL/min). The temperature program was
as in GC. MS spectra were taken at 70 eV. The GC/MS apparatus was equipped with Chemstation software and Wiley
275 library.
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TABLE 1. Percentage Composition of the Essential Oil of Leaves of Persea americana (Avocado)

Compound RI % Compound RI % 

�-Pinene 
Sabinene 
�-Pinene 
�-Myrcene 
�-Phellandrene 
p-Cymene 
�-Phellandrene 
1,8-Cineole 
�-Terpinene 
Estragole (= methyl chavicol) 
�-Cubebene 
�-Copaene 
�-Cubebene 
�-Elemene 
Methyl eugenol 
�-Caryophyllene 
(Z)-Muurola-3,5-diene 
�-Humulene 

939 
975 
979 
991 

1003 
1025 
1030 
1031 
1060 
1196 
1351 
1377 
1388 
1391 
1404 
1419 
1450 
1455 

3.2 
0.7 
4.2 
0.2 
1.5 
0.3 
0.5 
0.6 
0.2 
9.0 
1.2 
1.2 
0.5 
0.6 
31.2 
16.9 
1.0 
3.0 

allo-Aromadendrene 
(E)-Cadina-1(6),4-diene 
�-Muurolene 
Germacrene-D 
�-Selinene 
(E)-Muurola-4(14),5-diene 
Bicyclogermacrene 
�-Muurolene 
(E,E)-�-Farnesene 
�-Cadinene 
�-Cadinene 
(E)-Cadina-1(2),4-diene 
(E)-Nerolidol 
Globulol 
�-Acorenol 
�-Muurolol 
Valerianol 
Occidenol 

1460 
1477 
1480 
1485 
1490 
1494 
1500 
1500 
1506 
1514 
1523 
1535 
1563 
1585 
1633 
1646 
1658 
1678 

0.4 
0.8 
0.8 
3.0 
0.7 
1.7 
1.5 
0.7 
0.7 
0.7 
4.8 
1.0 
1.8 
0.4 
0.5 
1.0 
0.8 
0.4 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2400
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


