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ABSTRACT 

 

A study on volatile constituents of the vetiver (Vetiveria zizanioides Nash) 

root essential oils was performed and divided into 2 parts.  In the first part, highly 

volatile constituents of the essential oil from the root of vetiver planted in three 

different cultivation systems, viz. normal soil, normal soil with added microbes and 

semihydroponically, were investigated and compared.  The vetiver root oils were 

obtained by extraction using a simultaneous steam distillation and solvent extraction 

(SDE) apparatus.  Yields of the essential oils obtained from normal soil, normal soil 

with added microbes and semihydroponic cultivation system were 0.18, 0.27 and 

0.06%, respectively. Separation of the essential oil components was firstly performed 

by comprehensive two-dimensional gas chromatography (GC×GC) and solid phase 

microextraction (SPME)-GC×GC.  The results obtained by these two techniques 

revealed a total of 156 components, while 48 of which were well-resolved.  Volatile 

component profiles of the oils obtained by normal soil and semi-hydroponic 
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cultivation were similar, whereas a quantitative difference was noted in some major 

volatiles when the cultivation system containing microbes was utilized. For 

component identification, three essential oil samples were subjected to analysis by 

SPME-GC-MS technique which gave the identification of only 42 volatile 

compounds.  Sesquicineole and delta-cadinene were detected only in the oil derived 

from cultivation in normal soil with added microbes, which probably resulted from an 

unidentified biotic factor. It is remarkable that three volatile components, 

(+)(6S,10R)-6,10-dimethylbicyclo[4.4.0]dec-1-en-3-one, cadina-1(10),6,8-triene, and 

9,10-dehydro-isolongifolene were identified in essential oil of vetiver root for the first 

time by this study.    

In the second part, the volatile constituents of vetiver root oils obtained from 

different extraction methods were comparatively studied.  Simultaneous distillation 

and extraction (SDE), supercritical fluid extraction (SFE), microwave-assisted 

extraction (MAE), and soxhlet extraction (SE) were employed to extract the essential 

oil from the vetiver roots.  SFE using dichloromethane or toluene as a modifier was 

found to be the most appropriate method for obtaining a vetiver root essential oil of 

high percentage yield and good quality, viz. strong scent, high viscosity, and light 

brown color.  The volatile components of the vetiver oils obtained from all extraction 

methods were separated and identified by using gas chromatography-mass 

spectrometry (GC-MS) and comprehensive two-dimensional gas chromatography-

mass spectrometry (GC×GC-MS).  In order to confirm the structural identification, 

Van den Dool indices were also calculated.  Sixty four volatile constituents were 

tentatively identified by GC-MS.  These were confirmed by the use of GC×GC-MS, 

which provided the addition of 43 components.  The relative contents of volatile 

constituents in each vetiver oil derived from various extraction conditions were 

exhibited using the peak volume normalization method performed on GC×GC-flame 

ionization detection (FID) plots.  This hyphenated technique achieved the separation 

of at least 245 well-resolved individual components.  However, the summation of the 

percentage peak areas of the identified components in each vetiver oil sample was 

calculated to be in the range of 56.4 - 61.4%.  Khusenic acid, khusimol, khusimone, 

and nootkatone were found to be the major components of vetiver oils obtained by all 
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extraction techniques, whereas some components, such as 9,10-dehydro-2-norzizaene, 

-copaene, and trans-calamenene, were found in much higher contents in the oil 

obtained by SDE than those found through other extraction techniques.  The GC×GC 

techniques, thus, offer higher efficiency in terms of separation power which aids the 

accurate identification and quantitation of volatile constituents in vetiver root essential 

oils.  
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