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Abstract: The essential oil content in the inflorescence of lavender (Lavandula
angustifolia Mill.) cultivated in the mid hills of Uttarakhand was found to be 2.8
% based o n the fresh weight. The oil was an alysed by capillary GC and GC-

MS. Thirty seven constituents, representing 97.81 % of the o il were identified.
The major components of the oil were linalyl acetate (47.56 %), linalool (28.06
%), lavanduly | acetate (4.34 %) and  oa-terpineol (3.75 %). The quality o f
lavender oil produced in India was found to b e comparable to that produced in
Hungary, France, China, Bulgaria, Russia and the USA.
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INTRODUCTION

True lavender ( Lavandula angustifolia Mill. syn. L. officinalis Chaix) is a
perennial shrub of the family Lamiaceae. It is native to southern Europe and the
Mediterranean area and is commerciall y cultivated in France, Spain, Portugal,
Hungary, the UK, Bulgaria, Australia, China andt he USA. ! In India, it was
introduced in the Kash mir Valley in 1983, where its commercial cultivation was
found to be successful.2 This plant is ¢ ultivated primarily for its aromatic inflo-
rescence from which the essential oil is isolated, although its fresh and dri ed
flowers are also marketed.3 Lavender oil is known for its excellent aroma and is
extensively used in the perfumery , flav our and cosmetic industries. The oil is
known to possess sedativ e, car minative, anti-depressive and anti -inflammatory
properties.# It was also fo und to be active against many species of bacteria, in-
cluding those resistant to antibiotics, such as methicillin-resistant Staphylococcus
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aureus and vanco mycin-resistant Enterococcus.# Lavender oil was also reported
to be an effective antifungal agent against Aspergillus nidulans and Trichophyton
mentagrophytes.5 The essential oil compositions of lavender grown in different
countries were investigated.o—8

Oil from lavender cultivated in India may become a significant co mpetitor
with historical sources of 1 avender oil due to the favourable cli matic conditions
for commercial cultivation in the hill y tracks of northern India. 8 At present, the
cultivation of lavender is mainly confined to Jammu and Kash mir. However, the
possibilities of commerci al cultivation of lavender in other states of North a nd
Northeast India have not yet been explored. Therefore, with the ai m of exploring
new ecological areas for cultivation of lavender, the crop was introduced in the
Kumaon region of the western Himalaya during 2002. The purpose of this study
was to investigate the essential oil composition of lavender produced in this region.

EXPERIMENTAL
Plant material

The fresh inflorescen ce (spikes) of L. angustifolia was colle cted from an e xperimental
field of the Central Institute of Medicinal and Aromatic plants, Resource Centre Bageshwer,
Uttarakhand in the month of June when the ¢ rop was in full bloo m. The exp erimental site is
located in the Kattyur Valley at an altitude of 1250 m, where a sub-temperate mild climate pre-
vails. The voucher specimen of the plant was submitted to the Herbarium division of the Centre.

Essential oil isolation

Freshly harvested plant material (100 g) was i mmediately subjected to hy drodistillation
in a Clevenger’s apparatus for 3 h for the extraction of the essential oil. The oil was dried over
anhydrous sodium sulphate and stored in a refrigerator at 5 °C prior to analysis.

Gas chromatography (GC)

The GC analyses of the oil sample were realised on a P erkin-Elmer Auto XL GC and a
Nucon gas chromatograph model 5765, both equipped with an FID using two different statio-
nary phases, PE-5 (60 m x0.25 mm; 0.25 pm film coating) and BP-20 (coat ed with a Carb o-
wax 20M, 30 mx0.32 mmx0.25 pm film thickness), fused silica columns, respectively. Hyd-
rogen was the carrier gas at 1.0 ml/min. The column temperature programming was from 70—
—250 °C at 3 °C/min (for PE-5) and from 70-230 °C at 4 °C/min (for BP-20). The injector and
detector temperatures were 200 and 230 °C on BP-20 and 220 and 300 °C on PE-5 column,
respectively. The injection volume was 0.02 puL neat and the split ratio was 1:30.

Gas chromatography—mass spectrometry (GC-MS)

The GC—-MS analysis of th e oil was perfor med on a Perkin- Elmer Turbomass Quadru-
pole mass spectrometer fitted with an Equity-5 (Perkin-Elmer) fused silica capillary column
(60 mx0.32 mm; 0.25 pm film coating). The column temperature was programmed 70 °C, ini-
tial hold time of 2 min, to 250 °C at 3 °C/min with a final hold time of 3 min, using helium as
the carrier gas at a flow rate of 1 ml/min. The injector and source temperatures were 250 °C.
The injection volume was 0.06 pL neat with a split ratio 1:30 . The MS were taken at 70 eV
with an EI source with mass range of m/z40-400. The identification was realised based on the
retention indices, an MS Library search (NIST and W ILEY), n-alkane (Cy—C,,) hydrocarbon
series (Nile, Italy) and by comparing the mass spectra with MS literature data®-19. The relative
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amount of the individual components was calculated from the peak area without applying an
FID response factor correction.

RESULTS AND DISCUSSION

The essential oil content in the fresh inflorescence of L. angustifolia culti-
vated in the sub-temperate region, the Kumaon region of the western Him alaya
was found to be 2.8 %. However, the es sential oil content in the i nflorescence of
different accessions of lavender grown in tem perate parts of Kash mir was only
0.80 to 1.3 %.11 These v ariations could either be due to difference of the plant
genotype3 or to the altitude and microclimate of the cultivation area.

The results of GC and GC—MS analyses of the essential oil together with the
European Pharmacopoeia 5.0 standards (EP 5) are g iven in Table I. The major
constituents (> 1.0 %) of t he oil were linalyl acetate (47.56 %), linalool (28.06
%), lavandulyl acetate (4.34 %), o-terpineol (3.75 %), geranyl acetate (1.94 %),
caryophyllene oxide (1.38 %) and 1,8-cineole (1.14 %). Other minor components
(< 1.0 and > 0.10 %) identified in the oil were S-caryophyllene (0.93 %), borneol
(0.85 %), epi-a-cadinol (0.70 %), nerol (0.59 %), terpinen-4-ol (0.56 %), f-myr-
cene (0.55 %), limonene (0.55 %) and 1-octen-3-ol (0.53 %). However, the major
components reported in t he lavender oi | from different countries were linalool
(27.3-42.2 %), linalyl acet ate (27.2-46.6 %), ( Z)-f-ocimene (0.2—-11.6 %), ter-
pinen-4-ol (0.70—4.6 %), lavandul y1 acetate (0.50—4.8 %), p-caryophyllene (1.8—
=5.1 %), (E)-p-ocimene (0.30-3.8 %), a-terpineol (0.30-2.0 %) and 1,8-cineole
(0.10-1.2 %).8

TABLE I. GC-MS analy sis of the essential o il of Lavandula angustifolia from Uttarakhand,
India

Compound KI?* KI° Area, % EP 5% %
Tricyclene 924 921 0.03 -
o-Pinene 935 932 0.09 -
Camphene 951 946 0.23 -
Sabinene 974 969 0.04 -
1-Octen-3-o0l 995 974 0.53 -
p-Myrcene 998 988 0.55 -
1-Hexyl acetate 1015 1007 0.11 -
p-Cymene 1025 1020 0.09 -
Limonene 1030 1024 0.55 <1.0
1,8-Cineole 1035 1026 1.14 <25
(E)-p-Ocimene 1047 1044 0.08 -
(Z2)-Linalool oxide (furanoid) 1072 1067 0.22 -
(E)-Linalool oxide (furanoid) 1090 1084 0.24 —
Linalool 1098 1095 28.06 20-45
1-Octen-3-yl acetate 1106 1110 0.35 -
Camphor 1146 1141 0.11 <12
Lavandulol 1162 1165 0.25 >0.1
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TABLE I. Continued

Compound KI? KI® Area, % EP 5%, %
Borneol 1165 1165 0.85 -
Terpinen-4-ol 1177 1174 0.56 0.1-6
p-Cymen-8-ol 1183 1179 0.06 -
a-Terpineol 1189 1186 3.75 <2.0
Myrtenol 1195 1194 0.13 -
Nerol 1225 - 0.59 -
Geraniol 1237 1254 0.21 -
Linalyl acetate 1257 1257 47.56 25-46
Lavandulyl acetate 1285 1288 4.34 >0.2
p-Menthyl-8-acetate 1346 - 0.42 -
Thymol acetate 1355 - 0.13 -
Neryl acetate 1356 1359 1.07 -
Geranyl acetate 1373 1379 1.94 -
p-Cadinene 1416 - 0.11 -
p-Caryophyllene 1419 1417 0.93 -
(E)-Isoeugenol 1449 - 0.17 -
y-Cadinene 1511 1513 0.12 -
Elemol 1552 - 0.12 -
Caryophyllene oxide 1584 1582 1.38 -
epi-a-Cadinol 1639 1638 0.70 -
Total identified, % 97.81

*Kovats index experimental (PE-5 column; relative to n-alkane); bKovats index, literatureg’lo; chropean Phar-
macopoeia 5.0

On comparison of the present results with those reported from other parts of
India, it is quite evident that the concen trations of 1,8 cineole, cam phor, S-caryo-
phyllene and cary ophyllene oxide were slightly higher, whereas the concentra-
tions of a-terpineol, linalyl acetate, ger anyl acetate, nery | acetate and lavanduly 1
acetate were relatively lower in the K ashmir oil than in the pre sent oil. 12 How-
ever, the lavender oil reported fro m the Kashmir valley contained large amounts
of limonene (11.0 %), citronellol (10.0 %) and a-terpineol (7.6 %) and low co n-
tents of linalool (10. 0 % ).2 Furtherm ore, the concentrations of (  E)-f-ocimene,
1-octen-3-yl acetate, a-terpineol and S-caryophyllene were slightly higher in the
oil produced in Kodaikanal when compared to the present oil. I3 These variations
could be due to differences in location, e levation, genetic makeup of the plant or
due to an adaptive process to particular ecological conditions. Lawrence also ob-
served a wide variation in the quantitative composition of lavender oil depending
on plant genot ype and cultivation area, and the co mposition of the oil fro m la-
venders were recognized to vary significantly according to altitude, microclimate
and region.14-16
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CONCLUSIONS

In the oil from L. angustifolia growing in Uttarakhand, the com ponents li-
nalool, lim onene, 1,8-cineole, cam phor, lavandulol, lavandulyl acetate and ter-
pinen-4-ol were found to be well within the desired lim it mentioned in EP 5,
while the co ncentration of linaly 1 acetate and a-terpineol slightly exceeded the
EP 5 specifications. However, 3-octanone was not detected in the present oil
(0.10-2.5 % in EP 5). Thus, the co mposition of the lavender oil produced in Ut-
tarakhand was co mparable to the oils pr oduced in Hungary, France, China, Bul-
garia, Russia and the US A.8 Finally, this study suggested that th e agro-climatic
conditions of Uttarakhand are ideal for gr owing lavender of inte rnational stan-
dards, and can be exploited by giving proper opportunities to the farmers.
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CACTAB ETAPCKOTI VJbA BUJBKE Lavandula angustifolia Mill. TAJEHE V INTAHUHCKOM
IOAPYUJY YTAPAKAHJA, UHJINJA

RAM S. VERMA', LAIQ U. RAHMAN?, CHANDAN S. CHANOTIYAZ, RAJESH K. VERMA', AMIT CHAUHAN',
ANJU YADAV?, ANAND SINGH!  AJAI K. YADAV!

Central Institute of Medicinal and Aromatic Plants, Resource Centre, Purara, P.O. — Gagrigole,
Bageshwar, Uttarakhand — 263688  2Central Institute of Medicinal and Aromatic Plants,
PO CIMAP, Lucknow — 226015, India

Erapcko yibe naBanme (Lavandula angustifolia Mill.), rajerne y IJIaHMHCKOM MOAPYYjy
VYrapakanna, ynau 2,8 % CcBexe mMace OuWipke. YJibe je aHanmm3upaHo meronama kammiapHe GC u
GC-MS. UnentudukoBaHo je TpUAECET ceaM cacTojaka, Koju cy gnHmmn 97,81 % ympa. I'maBan
cacTojuu ysba ¢y JuHamwi-auetat (47,56 %) , nunanon (28,06 %), naBannyi-auetat (4,34 %) u
a-tepruHeod (3,75 %). Kpanuter oBoOr JlaBaHAMHOT YJba j€ CIMYaH KBAIMTETY YJba MPOU3BEICHOT
y Mabapckoj, @pannyckoj, Kunn, Byrapckoj, Pycuju u CA/I.

REFERENCES

1. A.S. Shawl, S. Kumar, J. Med. Arom. Plant Sci. 22 (2000) 319
2. Tajuddin, A. S. Shawl, M. C. Nigam, A. Hussain, Indian Perf. 41 (1983) 56
3. E.N. C Renaud, D. J. Charles, J. Essent. Oil Res. 13 (2001) 269
4. H. M. A. Cavanagh, Aust. Infect. Control 10 (2005) 35
5. T.Moon, Y.F . Chan,J. M. Wilkinson, H. M. A. Cavana gh, in Proceeding of AICA
National Conference, Adelaide, Australia, 2004, 46
6. A. Tucker, M. J. Maciarello, J. T. Howell, Perf. Flav. 9 (1984) 49
7. B. M. Lawrence, Essential Oils, 1995-2000, Allured Publishing, Carol Stream, IL, 2003
8. R.P. Adams, T. Yanke, Perf. Flav. 32 (2007) 40
9. W. Jennings, T. Shibamoto, Qualitative analysis of flavour and fragrance volatile by glass
capillary gas chromatography, Academic Press, New York, 1980
10. R.P. Adams, Identification of essential oil components by Gas chromatograph/quad-
rupole mass spectroscopy, Allured Publishing Corp., Carol Stream, IL, 2001

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




348 VER MA etal.

11.
12.
13.

14.

15.
16.

A. K. Dhar, D. Sharma, B. K. Bhat, C. K. Atal, Pafai J. 4 (1982) 20

A. S. Shawl, T. Kumar, S. Shabir, N. Chishti, Z. A. Kaloo, Indian Perf. 49 (2005) 235

G. R. Mallavarapu, V. K., Me hta, K. P. Sastry, R. K. Krishnan, S. Ramesh, S. Kumar, J.
Med. Arom. Plant Sci. 22 (2000) 768

B. M. Lawrence, Essential Oils, 1991-1994, Allured Publishing Corp., W heaton, IL,
1994

B. M. Lawrence, Perf. Flav. 18 (1993) 58

B. M. Lawrence, Perf. Flav. 19 (1994) 33.

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS





<<
  /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
  /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

  /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 <>
    /RUS <>
    /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.)
  >>
  /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




