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COMPOSITION AND IN VITRO ANTIMICROBIAL ACTIVITY
OF THE ESSENTIAL OIL OF Achillea eriophora

Y. Ghasemi,'" A. Khalaj,' A. Mohagheghzadeh,' and A. Khosaravi’ UDC 547.913

The Achillea species is a chemically polymorphic perennial herb from a genus of complex taxonomy and is widespread
throughout Europe, Asia, and North America [1]. Bumadaran is a popular name for several species of Achillea in the Persian
language. They have been used as anti-inflammatory, antispasmodic, diaphoretic, diuretic, and emmenagogue agents and for
treatment of hemorrhage, pneumonia, rheumatic pain, and wounds since ancient times [2]. Achillea has a mythological
background dating back to Achilles in the Trojan war who used this plant for curing his wounds [1, 3]. These species are also
used as medicinal plants for feverish conditions, common cold, and digestive complaints, and are topicallyused for slow healing
wounds, skin inflammations [1], and as veterinary remedy [4].

A survey of the literature revealed a few reports dealing with the chemical composition of Achilla eriophora DC. and
nothing about its biological activity. This paper describes the chemical composition and antimicrobial activity of this species.

The essential oil of Achillea eriophora DC. was analyzed by GC/MS. Thirty-two components were identified
representing 98.63% of the total oil (Tablel). 1,8-Cineole (54.93%), linalool (8.92%), o-terpineole (6.66%), and geranyl formate
(5.99%) were the main components of the oil. A high number of oxygenated monoterpens (83.84%), compared with the oil of
other Achillea species [2—8], are detected, and it seems that 4. eriophora belongs to a 1,8-cineole rich chemotype (Table 1).

The composition of the essential oil of 4. eriophora from different locations (at present a few more studies have been
done) has been reported before. These reports showed that 1,8-cineole is the major compound, although the amount found is
less than that in the present paper. Oxygenated monoterpens were also characterized as those in our study were observed [7].
The minor component that was identified in this study was a sesquiterpine, chamazulene (0.02%), which has been the object
of several studies. Sesquiterpines are mostly characteristic of taxa of lower (2n—4n) chromosome number.

Numerous studies state that the presence of chamazulene remains characteristics of the members of Millefolium group.
Only in exceptional cases can references be found describing chamazulene in species outside this group, such as Achillea
wilsoniana willd. , A. ageratum L., or A. compacta [3] and now in 4. eriophora. In the genus Achillea, 1,8-cineole exhibits the
most frequent appearance among the monoterpenes. It has been described in about one- third of the species and at least in one
case as the main component [3].

The in vitro antimicrobial tests of the essential oil and ethanol extract of A. eriophora resulted in a range of growth
inhibition patterns against pathogenic microorganisms. The results were obtained by the disk diffusion method, followed by the
measurement of MIC and then MBC for essential oil. According to the disk diffusion method results, all of the microorganisms
were inhibited by an amount of 8 pL/disk of pure essential oil, and none were inhibited by an ethanol extract of 84 pg/disk, exept
Staphylococcus epidermidis (Table 2).

The most sensitive microorganism against the essential oil was Staphylococcus aureus, and the results obtained from
Candida albicans, C. kefyr, Aspergillus niger, A. fumigatus, and Pseudomonas aeruginosa were noticeable. The above-
mentioned essential oil possessed antimicrobial activity against Staphylococcus aureus, Aspergillus niger, and Bacillus subtilis,
resulting in MIC values of 1 uL/1 mL of nutrient broth. 0.5 uL/1 mL for Escherchia coli, and 2.5 uL/1 mL for Pseudomonas
aeruginosa and Candida albicans. MBC values obtained by the above tests show that a concentration of 2.5 uL/1 mL of this
essential oil is bactericidal against Aspergillus niger and Bacillus subtilis, and for the other four microorganisms Candida
albicans, Pseudomonas aeruginosa, Escherchia coli, and Staphylococcus aureus the concentration is higher.
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TABLE 1. Composition of the Essential Oil of Achillea eriophora Aerial Parts

Component R %° Component R %°

o-Pinene 1.18 Lonone 1487 Tr.
B-Pinene 1.80 Bicyclogermacrene 1494 0.12
o-Terpinene 1022 0.26 Unknown 1504 0.02
1,8-Cineole 1046 54.93 Unknown 1539 0.04
¥-Terpinene 1066 0.64 Unknown 1551 0.03
p-Mentha-3,8-diene 1075 0.15 Elemol 1557 0.14
o-Terpinolene 1092 0.14 Unknown 1577 0.32
Linalool 1120 8.92 Caryophyllene oxide 1587 2.35
Unknown 1135 0.15 Unknown 1600 0.07
Camphor 1157 3.89 Unknown 1605 0.08
Pinocarvonel165 1170 0.16 Unknown 1609 0.18
Terpinen-4-ol 1190 2.9 Eremoligenol 1634 0.11
o-Terpineol 1211 6.66 Caryophylla-4(14),8(15)-dien-5,5-0l 1641 1646 0.80
Myrtenol 1216 0.9 B-Eudesmol 1658 0.97
Bornyl acetate 1289 0.08 Unknown 1662 0.07
Geranyl formate 1305 5.99 Unknown 1692 0.23
Unknown 1330 0.03 Chamazulene 1727 0.02
Unknown 1340 0.13 Hexahydrofarnesyl acetone 1847 Tr.
Eugenol 1366 0.09 1,2-Benzendicarboxylic acid 2518 Tr.
Unknown 1376 0.06 Identification, % 98.63
Unknown 1393 0.06 Group components, %
Z-Jasmone 1409 0.43 Monoterpene hydrocarbons 4.14
Methyl eugenol 1416 0.24 Oxygen-containing monoterpenes 83.47
E-Caryophyllene 1426 5.00 Sesquiterpene hydrocarbons 5.39
o~-Humulene 1454 0.18 Oxygen-containing sesquiterpenes 4.77
Alloaromadendrene 1460 0.07 Others 0.93
B-Selinene 1484 0.03

*The retention index of compounds was determined on the HP-5MS.
bPercentages were calculated based on the concentration obtained on the same column.
Tr.: trace.

TABLE 2. Antimicrobial Activity of A. eriophora Essential Oil

Inhibition zone®, pr

Microorganism Gentamicin | Ampicillin | Amphotericin-B
2 4 8
Staphylococcus aureus + +++ - S
Staphylococcus epidermidis N.a. + +++ o+
Bacillus subtilis + +++ - S
Enterococcus faecalis N.a. + ++ ++
Escherchia coli ++ ++ +++ o+
Pseudomonas aeruginosa ++ +++ +++ -+
Salmonella typhi N.a. ++ +H+ N
Candida albicans ++ A+ ++++ 4+
Candida kefyr ++ +++ et 4t
Aspergillus niger N.a. ++ -+ T+
Aspergillus fumigatus N.a. ++ -+ it

%4+: 1-4 mm; ++: 5-9 mm; +++: 10-14 mm, ++++ >14 mm. N.a.: not active.
®Microliters of the A. eriophora essential oil were applied to the disks.
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In general, Gram negative bacteria were more resistant to the essential oils [10]. The reason that the essential oil was
active against different microorganisms was that the naturally occurring constituents of this essential oil consist especially of
large amounts of eucaliptol (1,8-cineole), borneol, champhor o-pinene, bornyl acetate, terpinen-4-ol, a group of monoterpenes,
and eugenol. Borneol and other phenolics were responsible for this activity [1, 3, 7-10].

As a result, it is obvious that this material, according to the results published in different references, has suitable
antimicrobial activity against respiratory tract pathogens and opportunistic pathogens such as Pseudomonas aeruginosa, and
it can be administered in colds and coughs related to airway microbial contamination. On the other hand, it seems that
A. eriophora essential oil can be used as a natural antimicrobial and food preservative with a low risk from other relevant agents.

ACKNOWLEDGMENT

This work was supported by a grant from the Research Council of Shiraz University of Medical Sciences, Shiraz
University of Medical Sciences, Shiraz, Iran.

REFERENCES
1. A. & M. Sokmen, D. Daferera, M. Polissiou, F. Candan, M. Unlu, and A. Akpulat, Phytother. Res., 18, 451
(2004).

2. C. L. G. Tuberoso, A. Kowalczyk, V. Coroneo, M. T. Russo, S. Dessi, and P. Cabras, J. Agric. Food Chem., 53,
1018 (2003).
E. Nemeth, J. Essent. Oil Res., 17, 501 (2005).
A. Rustaiyan and H. Komailizadeh, J. Essent. Oil Res., 10,207 (1998).
A. Bader, G. Flamini, P. L. Cioni, and I. Morelli, Flavour Fragr. J., 18, 36 (2003).
N. Bezic, V. Dunkic, and A. Radonic, Phytother. Res., 17, 1073 (2003).
Z. Toker, H. Ozen, R. Clery, and N. E. Owen, J. Essent. Oil Res., 15, 100 (2003).
M. Unluy, D. Daferera, E. Donmez, P. Moschos, M. Polissiou, B. Tepe, and A. Sokmen, J. Ethnopharmacol., 83,
117 (2002).
9. R. A. Holley and D. Patel, Food microbiol., 22, 272, (2005).
10. G. Iscan, N. Kirimer, M. Kurkcuoglu, T. Arabaci, E. Kupeli, and K. H. C. Baser, J. Agric. Food Chem., 54, 170
(2006).

® NN hA W

665




<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 <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 <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /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 [595.276 841.890]
>> setpagedevice


