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Volatiles from herbs and spices 
T. J. Zachariah and N. K. Leela, Ind ian Institute of Spices Research, 
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11.1 Intr'oduction 

Plants contain an enormOli S range of isoprenoid compounds with a wiele va ri ety of 
structures and functions. The majority of isopreno ids are synthesized as secondary 
metabolites that are un iquely plant products (Bramley 1997). Isoprenoids form an 
integra l pan of the volatiles from spices and herbs. Volatil e oi ls are chemically 
complex mixtures, often containing in excess of 100 individual components. Most 
oils have one to several major components, whi ch impart the characteri stic odourl 
taste, but the many minor constituents also play their pa ri in prod ucing the fi nal 
product. 

Volat ile oi ls, which are lI sed for culi nary, phannaccutical, and perfumery purposes, 
are composed of two classes of compound, terpenes and phenyl propenes. Of these. 
the lcrpcllcs are by far the morc ab undant but phenyl propcncs are usuall y the major 
flavour/odour factors. The high levels of some of these compounds in turpentine oil 
gave ri se to the alternati ve generic name ' terpenoid '. Terpenoids are the ingredients 
of perfumes, soaps, flavourings and food colourants. Terpenes consti tute a major 
group, which conta in more than 1000 monoterpenes and 3000 sesquiterpene structures 
(Waterman 1993). 

The development of chromatograph ic and spectroscopic techniques has led to 
general understanding of structure, biosynthesis and properties ofterpenoids. Terpenoids 
are built up of isoprene (Cs) lInit s and the nomenclature of the main classes ref lects 
the number of isoprenoid un i ts present (Bramley 1997). 

11.2 Classification of volatiles 

11.2.1 Terpcncs 
Terpenes found in vo latile oil s can be subdi vided into l11onoterpenes, whi ch have a 
10-carbon skeleton and sesqui terpenes, which have a I S-carbon skeleton. Diterpenes 
(20-carbon units) do occur in some oil s (e.g. ginger). T he feature that binds all these 
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compounds together is the presence of a 5-cal'bon bui lding block, which is referred 
to as the isoprene unit. Tab le 11 ,1 illustrates the classes of isoprenoids found in 
plant s, Compos itional changes occur in essential oils due to the (i) effect of ext rinsic 
cond itions (i i) effect of interspeci fic "nd infrastructure di fferences (i ii ) effect of 
ontogeny (iv) effect of processing parameters and (v) effect of adulteration (Chi
kuenshu " nd Lawrence 1997), 

MOIIOfelpelles 
In monoterpenes, it is usuall y possible to detect the presence of two of these isoprene 
units and in sesqu iterpcncs. three. Figure I 1. 1 depi cts the structure of an isoprene 
unit. Monoterepenes can be di vided into three sub groups (i) acycl ic, no ring systems 
(ii ) monocycli c, one rin g and (i i i) bicyc lic, two rings (Fig, 11 .2) , Further proliferation 
occurs through addition (ox idation) or removal (reduct ion) of double bonds, and by 
addition of oxygen to form al cohols (-OH), ketones (-CO), aldehydes (-CHO) and 
esters (-OCO-). 

Sesqlliterpelles 
Sesqu iLerpenes. because they possess fi ve more carbons than the monoterpenes, have 
far greater potenti al for structural and stereo chemica l diversity. Sesquilerpenes fOl"m 
the largest class of lerpcnoids and are found in planl s. l i verworts, mosses, fungi and 
algae. They cOlllmonly occur wilh the Illonoterpcnoids in essential oils. They are less 
vo lat ile and have less direct organoleptic properti es, than monolerpenes. They arc an 
essential part of most volat ile oils, subt ly innuencing odour (Waterman 1993, Bramley 
1997). 

11.2.2 Phcnylpropcncs 
The skeleton of phenylpropenes invariably consists of a 6-cal'bon aromatic ring with 
3-carbon side chain attached. The side chain always contains a double bond but only 

Table 11.1 Mnin classes of isopreno ids fOllnd in plants 

Carbon Name Parent isoprenoid Sub-class 
atoms 

IQ M Qllolerpcllo ids GPP lridQids 
t5 Scsquiterpenoids FPP Absc iss ic acid , scsquitc rpene lactoncs 
20 Dilerpeno ici s GGPP Gibbercllins 
25 Scstcrpcnoids GFPP None 
30 Tri tcrpc lloids Squalene Phytos lero ls, saponins. carcicnoJides 
40 Tctraterpcnoids PhylOcne Nonc 

740 Polypre nois, rubbers GGPP+ (C,) n Nonc 

GPP - Gct'a llyl pyrophosphate. FPP - Farncsyl pyrophosphate. GG PP - Gerallyl gcranyl pyrophosphate, 
GFPP - Gcranyl farnesyl pyroph osphate. 

Fig. 11.1 An isoprene uni t. 
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Fig. 11.2 Structures or se lected 1ll0 ll otcrpcncs. 

occasionall y an oxygen func ti ona l group (e,g. cinnamaldehyde in cinnamon oil ), The 
aromatic ring may be substituted with up to fou r oxygcns, which are then further 
modified themselves by the additi on of a mcthylened ioxy ring, as in safrole. 

11.3 Biosynthesis of the cOIllPonents of volatile oils 

Chemical s produced by plants that arc characterized by a limited distribution. and an 
absence of obvious value in the physiology of the producer plant , are known as 
secondary metabolites. The array of secondary metabolites, whi ch of course incl udes 
volati le oils, is enormous. The terpenes constitute a maj or group, with ma rc th an 
1000 monoterpene and perhaps 3000 sesquiterpene structures known. By contrast, 
the number of phenylpropenes is small , with probabl y less than 50 bc ing known 
(Waterman 1993). 

Despite the vast !lumbers and structural diversity of secondary metabo lites, al mosl 
all arise from one of the three biosYllthelic pathways, or from a combination of two 
or more of these pathways. These are known as the acetate, mevalonate (based on 
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mevalonic acid) and shikimate (based on shik imic acid ) path ways. The tcrpcncs are 
wholl y mcva!onate deri ved whereas the phenyJpropcncs ori ginate from shikimic ac id. 
Figure I I .3 i IluSlrales Ihe sequence of rormalion of melhyl chavico l from phenylalanine 
by Ihe shikim ic ac id palh way. Figure 11 .4(a)- (d) illuslrales Ihe general biosynlhelic 
path way from mevalonic ac id to sesquiterpcncs. 

11.3.1 Biosynthesis of monoter!,cncs and scsquiterpencs 
Meva lonic acid is a chemica l intermed iate con taining six carbons that is fo rmed in 
the plant by the combinati on of three molecules of acetate, which have. in tu rn, been 
deri ved f rom acety l coenzyme A. Thi s is a uni versal process in all higher pl ants and 
produces compounds vilal 10 Ihc life processes. The biosynlhes is of mono· and 
sesqui terpcncs froJlll11cva lonic ac id invo lves three steps: (i) COil version of meva lonic 
ac id 10 isopenlenyl pyrophos phme (lPP) and 3,3·d imelhyl all yl pyrop hosphale 
(DM APP), (i i) combinalion of IPP and DM APP 10 give geranyl pyrophosphale (G PP) 
and (iii ) combinal ion of GPP wilh IPP 10 give farnesyl pyrophosphale (FPP). IPP is 
the initial product formed from meva lonic acid and it is then converted into DMA PP 
by Ihe enzy me isopenlenyl pyrophosphale isomerase (Gershenzon and Craleau 1990, 
Waterman 1993). 

One molecule of IPP and one molecule of DM APP combine under Ihe influence 
of geranyl pyrophosphale synlhase 10 give geranyl phyrophosphale (GPP), Ihe firsl 
recogni zabl e monolerpene. Thi s process is Ihen c011linued by Ihe addil ion of anolher 

COOH CHO 

COOH COOH # # 

NH, # 

""" """ 
""" """ # # 

# # OH OH 

Phenylalanine _ cinnamic acid _ p-coumaric acid _ p-coumaryl aldehyde _ 

OH OH 

OH OH OH OM. 

p-coumaryl alcohol _ p-dihydrocoumaryl alcohol _ chavico l _ methyl chavicol 

Fig. 11.3 Formation of meth yl chav ico l from phc nyl alanine by shikimic ae id path way. 
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IPP to GPP through the mediation of a further synthase cnzyme. resulting in the 
produclion of Ihe firsl IS·carbon uni l, fa l'l1 esy l pyrophosphalc (FPP) . 

J 1.3.2 Biosynthesis of phenylpmpenes 
Shikimic acid is formed from glucosc i n plant s. and is thc biogcnic precursor of the 
amino acids L -pheny lalanine. L -tyrosine and L -try ptophan. Pathways from shik imic 
acid generate anth rani lates (e_g. in mandarin oi l Citrus reticlI/ma) , cinnamHles (e.g. 
in Peru ba lsam oil Myroxyloll pereirae) and oiller phenylpropanoids, anel from Ihi s 
poinl on 10 olher mClaboliles such as li gnans and f1avo nonoids. In parl icular, phenyl 
propanoids (basica ll y compounds w ith a 3-carbon chain aunched to a benzene ring) 
are fonned from trans or (E)-cinnumic ac id v ia the el iminat ion of ammonia from L 
pheny lalanine. Common pheny lpropanoids in essential oi ls include methy l chav icol, 
methy l eugenol, eugenol , methy l cinnamate, vanillin and anethole. The shikimic acid 
pathway prod uces the amino ac id phenylalanine which by the action of pheny l alanine 
ammonia lyase is converted to trans-cinnamic acid (Bramley 1997, Waterm an 1993). 
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Fig. 11.4 (a) Conversion of mevalonatc into acti vated isoprene unit s (Source: Ne lson and Cox 
(2001 )); (b) rormation or GPP and FPP rrom DMAPP (Source: Nelson and Cox (2001 )): (c) 

formation of tllonoterpenes from GPP (Source: Waterman ( 1993»; (d) formation of 
scsquiterpcnes fro m EPP (Sourcc: Wnte rman ( 1993». 
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Fig. 11.4 continued 

11.4 Volatiles and 1)lant sources 

The spices and herbs di scussed he re consist o f black pepper, cardamom , ginger, 
turmeric, cinnamon, cassia, clove, nutmeg, cumin, coriander, fennel, fenugreek, ajowan, 
asafoetida, basil , mint, spearmint and rosemary. The chief chemical constituents of 
Ihese spices and herbs arc listed in Tabl e 11 .2. 

11,4,J Major volatiles in herbs and spices 
The common vo lati les found in spices and herbs are as follows: 

M01l0ferpelle hydrocarbolls 
Camphene. o-3-carcnc, p-cy mcnc. limonene, myrccnc, cis-oc imcnc, a -phellandrene. 

-phell and renc, a-pincne, ~- pincne, sabi ncne, a -tcrpincnc, y-terpincne, terpinolenc, 
a-thujcne. 

Oxygenated 1Il01l0lerpelles 
Borneol, camphor, carvacro l, cis-carveol, tran s-carveol, carvone, carventanacetone, 
I ,8-ci neole, eryp tone, p-e Ylll en-8-01, p-cY lllen-8- llle t h y le th er, d i hydroca rveo l, 
dyhidrocarvone, linaloo l, c is- mcnt had ien-2-01 , 3,8,(9)-p-lllenthadicn-l -o l, I (7)-p
menthad ien-6-o l, I (7)-p-lllenthadi en-4-o l, 1,8(9) -p-mcnth ad icn-5-01, 1,8(9)-p
menthadien-4-ol, cis-p-2- mcnthen- l -ol , myrtenal , myrtenol , methyl carvacrol, tran s
pinocarvcol, pinocamphene, cis-sabinene hydratc, tralls-sabinenc hydrate. I -tcrpinen-
4-01, l -terpinen-5-01, a -te rpin eo l, I , I , I ,4-trimclhy l cyc lo-hepta-2, 4 -di en-6-01, 
phellandral, pi peri tone, citronellal, nerol, geraniol, isopinocamphone, melhyl cilroniliatc, 
methyl geranate, a - terp in yl acetat e, Icrpinolene epox ide and trans- limonene 
epoxidc. 
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T:lblc 11.2 Princ ipal consti tllents of cefl ain spices and herbs 

Spice Average Total vol:lIile Average Principal volat ile consti tu ents 
volati le oi l mill 00 g NVEE (%) 
oil (%) ("' ''gc) 

Basil (Sweet) 0.4 3.6 Meth yl chavicol. linalool, melhyl 
ci llnamate. cineole. eugenol 

Cardamom 4.0 2.0-8.0 a -Terpinyl acetate. 2- tcrpincol. limonene. 
ci neole, borneol. linnlyl acetate, linnlool. 
a - terpineol 

Cassin 2.5 0.5- 5.0 4.0 Cinnamic acid , benza ldehyde. meth yl 
salicylaldehyde. cilll1 tlm ic aldehyde. 
cinnumyl aceta le 

Cinnamon 0.75 0.5- 2.0 5.0 Cill llamic aldehyde, eugenol, 
caryophy llcnc. 

C love 16.0 12.0-20.0 7.0 Eugenol. eugenol ace ta te, caryophyllenc 
Coriander 0.3 0.0- 0. 1 16.0 d-lina lool, d-2-pinene. dl -n -pine ne . 

gcn:tniol 
Cumin 2.5 2.5-4.5 20.0 Cuminal dehydc, p-cymcnc, dihydro 

clIlllinaldehyde 
Di ll 3.0 2.0-4.0 17.0 Carvone, d-limonene, phcllandrcne 
Fcnncl 3.0 3.0- 4.0 15.0 Anethole, fcnchonc, d-o.-pincnc 
Fcnugrcck Trace 0.02 7.0 O-cadinene, a -cadinol, y-cudesmol 
Gingcr 2.0 1.0- 3.0 5.0 D-carnphcne, zingibercnc a - and 

p-phcllandrenc 
Macc 12.0 7.0- 14.0 23.0 d-a-pinene, d-camphcnc, myristicin, 

clemicin 
Nutmeg 6.5 7. 15 28.0 Myrislicin, geraniol, d-camphcne, 

dipcntene, pincncs, safrole, p-cymenc 
Pepper 2.5 1.0- 3.0 5.5 a -pincne, ~- pinene I -a -phcllandrene 
(black) p-caryophyllene, li llloncne 
Peppcrmint 0.4- 1.0 I -mcnthol, I-limoncnc, I-menthane, 0.-

pinene. phellandrcnc. d-mCl1 lhol1c. 
Speannint I-carvone. I-limoncnc I -phcllandrene 
Turmcric 1.3- 5.5 7.0 Z ingibcrcnc, borneol. d-sabincllc, 

tllJ11ClUnc, ar-turmeronc, d-a-phcllandrene, 
cineole 

Sesqllilerpell f-hydrocarbol/s 
~-Caryophy ll ene, a-cis-bergamotene, a -trans-berga motene, ~-bisabo l en e, 8-cadinene, 
y-cad inene, calamenene, (J..-copaene. (J..-cubebelle, p-cubebelle, ar-cllrcumene, p-elemene. 
O-elenlene, J3-farnesenc, o.-guaiene. (X-humulene, y-humulene, isocaryophyllene, y
muurolene, (J..-santalene, (J..-selinene, J3 -selinene, led ene, sesquisabenene and zingiberenc 
(Purseglove el al. 1981 a). 

OxygeJ1(fled sesquilerpelles 
Oxygenated sesquiterpenes idenJi fied are 5, 10 ( 15) cadinen-4-01, caryophyll a-3-
(12),7( 1 5)- dien -4- ~-0 1 , caryophy lla-2,7( 1 5)-d i en -4-~ -0 1 , caryophyll a-2-7( 15)-dien-4-
~-o l , caryophy ll ene a lco ho l, caryo ph y ll e ne ke lone , ca ryop hy ll ene o xid e, 
epoxydi hydrocaryophyllene, c is-nerolidol, 4, I 0, I 0-lrimelhyl-7-methylene bicycJo
(2.0)decane-4-caboxaldehyde, y-eudesmol, elemol, cubebol, a -bisabolol, ~- bi sabolo l , 
virideflorol, cubebol , ep i-cubenol, tunnerone, ar-turmerone and turmerol. 
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Miscellaneolls ('ompollllds 
Eugenol, methyleugenol , benzaldehyde, trans-anethole, Illyristicin , safrole, piperonal, 
m-methyl acetophenone, p-Illclhyl acetophenone, n-butyrophenone, methyl hcptallone, 
pinol , meth yl heptanate, methyl octanoate, 2- lIndecanone, Il -Ilonane, n-tridecane and 
aromatic acids such as ben zoic acid, phenyl aceti c acid , cinnamic acid , piperon ic 
acid , butyr ic acid, 3-methyl bu tyr ic acid, hexanoic acid and 2- methyl pentanoic ac id. 
The structurcs of the sc lected compounds are depicted in Fig. 11 .5(a) and 5(b) 
(Purseglove el al. 198 1 a). 

11 .4.2 Volatile oil constituents 
The delail s of volaliles from indi vidual spi ces and herbs are di sc ussed be low. 

Menthol Menthane Menthyl aceta te 

Carvacrol p-cymene y-terpinene 

a -terpinyl acetate Carvone limanene 

Ocimene 1,S-cineole Eugenol 

Estragole linalool Caryophyilene 

Fig. 11.5 Major volatiles from spices and hcrbs 
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Fig. 1l .S continued 

Ajowan 
Ajowan or bishop's weed is culti vated for its fruits. which are commonly lIsed as a 
spice and medicine. It is lIsed for its characterist ic smell and pungent taste in pickles, 
certain bi scuits, confec ti onery and beverages. Nagalakshmi el al. (2000) determ ined 
the physicochemical characteristi cs of ajowan volatile oil. GC-MS profi le of ajowan 
seed volati le oi l indicated the composit ion as follows: a-pi nene ( 1.48%), p-pinene 
(5.45%), p-myrcene ( 1.40%), a- terpinene (0.09%), p-cymene ( 19.47%), limonene 
(0.48), y-terpinene (30.97%), p-cymene (0.06%), menth-2-en- l -ol (0. 13%), linalool 
(0.07 %), terpin ene-4-01 (0. 12%), a-terpineo l (0. 12%) and th ymo l (39.36%). 
They have also reported the variabil i ty in the constituents from seeds of different 
locations. 

Asafoelida 
The spice asafoetida is the dried latex (gum oleoresin) exuded from the l iving 
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underground rhi zome or tap root of several species of FemIa (three of wh ich grow in 
India), which is a perennial herb ( I to 1.5 m high). It is grey ish-white when fresh. 
darkening with age to yellow, red and eventuall y brown. It is sold in blocks or pieces 
as a gum and morc frequently as a fine yellow powder, sometimes crystalline or 
granul ated. Studies conducted in Pakistan on fresh mature seed oils of Ferlilafoelida 
Regel ind icated presence of a -pinene ( 1.69- 2.36%), camphene (0.9- 1.04%), myrcene 
(2.0- 2.5%), limonene (0.60- 0.72%), longifolene ( 1.60- 5.9%), caryophy llene (3.8-
5.0%), p-selinene ( 15.2- 17.2%), eugenol (4.68- 5.00%), bornyl acetate (2.25-4.5%), 
fenchone ( 1.5- 2.4%), l inalool (0.05- 0.06%), geraniol (0.05- 0.08%), isoborneol 
(0- 0.4%), borneol (0- 0. 15%) and guaico l (0.57- 0.9%). The oi l was also found to 
con tain a mi xture of sesquilerpcne alcohols (0- 39.32%) and a mixture of cOlllllarills 
(7 .5- 7.8%) (Ashraf and Bhatty 1979). 

The maj or constituents of asafoetida are the res in (40- 64%), gum (25%) and 
essential oil (10- 17%) (Abraham el al. 1979). The aroma of asafoetida is attributed 
mainly to secondary butyl propenyl disulphide. Us ing MS, NMR, IR and UV spectra 
these were furt her characteri zed as I -methy l propyl-( I -propenyl) disulphide (secondary 
buty 1-( I -propenyl)-disul phide), I -methy I th iopropy 1-( I -propen yl) disulph ide and 1-
methyl propyl-(3) methyl -thio-(2-propenyl ) disulphide (sec.butyl-(3)-methylth ioall yl
disulphide): the composition of these in asa foetida oil is 36- 84%, 9- 3 1 % and 0-
52%, respecti ve ly (Abraham el al. 1979, Lawrence 198 1) (Fig. 11.6). 

Pakistan sample of asafoetida contained I -(methylthio)-propyl- (E)- I -propenyl 
disulphide (37.93%), I -(methylthio)-propyl-Z- I -propenyl disulphide (18.46%), 2-
butyl- (E)- I -propenyl disulphide ( 11 . 17%), dibutyl tr isulph ide ( 1.82%), isobutanol 
(7.65%), methyl- (E)- I -propenyl disulph icle ( 1.69%) as major compounds (No leau el 
al. 199 1). Essentia l oi ls extracted from asafoeti da gums contained more than 150 
compounds of which 25 compounds, incl ud ing 13 sulphur-con tai ning compounds, 
were common to both leek and asafoetida (Noleau ef al. 1991 ). 

The oil from Iran was con stitu ted by a -pinene (2. 1%), sabinene( I .O%), B
pinene(5.0%), myrcene ( 1.0%), a -phellanclrene (2.4%), p-phellandrene (2.5%), Z-B
ocimene ( 11 .5%), E-p-oeimene (9.0%), 2-butyl- l -propyldisulphide (0.6%), 2-butyl
Z- I -propenyldisulphide (3.9%), 2-bu ty l-E- I -propeny ldisul phide (58.9%), di - I 
methylpropy l disulphide (0.3%) and di- I -methyl-propenyl disu lph ide ( 1.2%) (Sefidkon 
el al . 1998 ). 

Basil 
The cl= ica l compos ition of volat ile oil s obtained from two forms of sweet basil 

/s~s'-....s~ 
l~meth y l propyl (3-methylthio-2-propenyl ) disulphide 

l -methyl propyl-(l -propenyll disulphide l -rnethylthiopropyl -( l -propenyl) disu lphide 

f ig. 11.6 Volati les from asafoetida. 
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(purpl e basil and green bas il ) by GC-MS indicated about 35 compounds. Major 
compounds are eucalyptol and linalool. Estrago le was not found in purp le form while 
a low percentage was found in the green basil (Wjerdak 200 1). T he main constituents 
identified in basil condensate are lin alool and methyl chavicol (Machal e el al. 1997). 
Linaloo l and 1,8 - c ineole compri sed more than 50% of tot al yield of sweet basil oi l. 
Volatil es in fresh leaves was about 50-fold hi gher than those found in a ir dri ed leaves 
(Loughrin 2003) . Sanda el al. ( 1998) described the chemi cal composition of OCilllll1ll 

species growing in Togo. Linalool. cstragolc and a -bergamotcnc are the major 
compounds (Table 11 .3). 

Black pepper 

Gopa lakri shnan el al. ( 1993) studi ed four genotypes of pepper using GC-MS. The oil 
o f these cuiti vars possessed a -pinene in Ihe range o f 5.07- 6.1 8%, ~-pinene 9. 16-
11.68%, sabinene 8.5- 17. 16%, limonene 2 1.06- 22.7 1 % and ~-caryophy ll ene 2 1.52-
27.70%. Zachariah ( 1995) studied 42 black pepper access ions and reported 3.8-
16.6% pinene, 2.2-33% sabinene, 1.6-3 1.8% myrcene, 3.6-2 1.2% limonene, 0.2-
1.8% linalool and 11 .8-4 1.8% ~-caryophy ll en e. 

Orav el al. (2004) determined the essential oi l com position of bl ack, green and 
white pepper using GC/mass spectrometry. Most abundant com pounds in pepper oi ls 
were (E)-~-ca ryophy ll ene ( 1.4- 70.4%), limonene (2.9-38.4%), ~-pinene (0.7-25.6%), 
"'-3-carene ( 1.7- 19.0%), sabinene (0- 12.2%), a -pinene (0.3- 10.4%), eugenol (0. 1-
41.0%) terpinene-4-01 (0- 13.2%) hedycaryo l (0- 9. 1 %), ~-eudesmo l (0- 9.7%) and 
caryophyllene oxide (0.1 -7.2%). Green pepper oil (d ri ed by sublim at ion method) 
had a hi gller content of monoterpenes (84.2%) than air-dried green pepper corns 
(26.8 %). The oi l from ground black pepper contained more monoterpenes and less 

Table 11.3 Percentage co mposi ti on of Ocillll/ll/ basiliclllII vo latiles 

Compollnd % Composition 

a -Thujenc 
Myrcene 
Limonene + 1,8-cincolc 
(E)-p-Oc imc me 
y-Terpincnc 
Tcrpinolenc 
p-Elemenc 
~-Caryophy lle ne 
(E)-a- Bergamolcnc 
a -Caryophyl lenc 
Gcnnacrenc D 
Il-Selincilc 
Bicyclogerm acrcnc 
y- Muuroicilc 
C<ldinene 
Cadinol 
p-Cymene 
ESlragole 
(Z) -Sabinene hydrate 
Unctlool 
Camphor 
Tcrpin-4-ol 

Source: S;Hlda eJ ti l. 1998 . 

0.4 
0.4 
0.4 
0.7 
0.2 
1.4 
1. 2 
0.2 
7.6 
0.4 
0.8 
0.6 
0.4 
0.8 
1.4 
0.4 
0.5 

22.2 
0.9 

4 1.2 
0.3 
2.3 
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sesquilerpenes and oxygenated terpenoids as compared to green and white pepper 
oi ls. Sumathyku liy el al. ( 1999) identified e lemol as Ihe mOSI abundanl componenl of 
black pepper lea f oi l. Murthy el al. (1999) reported Ihat pepper powder wi lh an 
average particle size of 0.7 mm is essential to release the maximum concentration of 
monoterpencs and sesquiterpenes. 

Jagell a and Grosch ( 1999'1), by adopting dilu tion and concelllration ex periment s 
as well as enHnti oselective analysis of optically active monoterpenes, indicated (±) 
linalool, (+)-a-phellandrene, (- )- limonene, myrcene, (- )-0: pinene, 3-melhyl bUl anal 
and melhyl propanal as the most potent odoran ts of black pepper. Storage studies 
conducled by Jagella and Grosch ( I 999b) using ground black pepper revealed thai 
losses of a-pinene, iimonene and 3-methyl butanal were mainly responsi ble for 
defi cits in the pepper-li ke, cilru s-like, terpene- li ke and malty notes after 30 days al 
room lemperature. The mu sty/mouldy off fla vour o f a sample of black pepper was 
caused by a mi xlure consisting of 2,3-diethyl-5- methyl pyrazine and 2-isopropyl-3-
methoxy pyrazine. T he key odorallls of white pepper as idenlifi ed by Jagell a and 
Grosch ( 1999c) are Iimonene, linalool, a -pinene, 1,8-cineole, piperona l, bU lyric acid, 
3-methyl butyric acid, methyl propanal and 2- and 3-methyl butanal. Narayanan 
(2000) described the percentage composit ion of the volat i Ie const iluents in four black 
pepper vari elies Panni yur- I, 2, 3 and 4 (Table 11 .4). 

CardalllOIll 
The acti ve constituent of cardamom is the aromati c vo latil e oil. The freshly dri ed 
un split capsules filled with seeds are the best material for di stillat ion of vo lat ile oi l. 
Oil s fro m freshl y separated seeds or from who le capsules are almost ident ical as the 
husk practically does not yie ld any oil (Govindarajan el al. 1982). Zachari ah (2002) 
described the chemical composition of cardamom oil from different samples (Tab le 
11.5). Govindaraj an el al. ( 1982) described Ihe trace componenls in cardamom o il 
(Table 11.6). Gopalakrishnan ( 1994) conducted studi es on the storage quality of 
COText racted cardamom oil. The class of components th at underwent quantitati ve 
reduction was the terpene hydrocarbons in the oil , whereas the other components 
showed varying responses at low and ambien t temperatures of storage 

Cassia 
CinnCllllolIIlI1II cassia yieldS bark and leaf oils that arc economically important. The 
bark of cassia is coarser and thicker wi th a more intense aroma than the true cinnamon, 
~erulll (Berch!. and Presl.). The bark is used for flavourin g food and beverages and 

also in pharmaceutical preparations and perfumery. The vo latile oils from leaf and 
bark and the oleoresin from bark are used in soaps, perfumes, spi ce essences and 
beverages. The major component of the oil from cassia bark and leaf is cinllHmaldehyde. 

The Cillllamomlllll cassia Blume bark oil fro m N igeria contained mainl y 
einnamaldehyde, wi th some euge no l while the leaf oi l contained high leve ls of benzy l 
benzoate (Lockwood 1979). Cinn amon plant s wil h purpl e leaf flu shes had 29% more 
bark oi l ( 1.84%) as compared to Ihose wilh green flu shes ( 1.43%), whereas bark 
oleoresin (8.4 1% and 7.90% in purple and green respecti ve ly) and leaf oil ( 1.68% 
and 1.73% in purpl e and green respecli vely) contents were on a par in both Ihe types 
(Krishnamoonhy el al. 1988). 

Headspace composit ion of cinnamon and cassia quills of different origin showed 
that the c innamaldehyde and benza ldehyde con tents were in the ranges 2.3- 86.2% 
and 0.5-40.5%, respectively (Vernin el al. 1994). Jayalilaka el al. (1995) exam ined 
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Table 11.4 Che mical constitu ents of fOll r black pepper varieties Table 11.4 COllti nued 

Percentage composi ti on Pe rcentage com position 

No. Compound 2 3 4 No. Compound 2 3 4 

I a -Thujcnc 0.73 1.26 1.59 0.9 1 52 p -Biabole nc +2-b isnbo lc llc 4 .25 2. 15 3. 10 0.49 2 ((-Pinene 5.28 6. 18 5.07 5.32 53 8-Guaicnc 0.S2 0 .17 0.09 1. 85 
3 Camphene 0. 14 0.18 0.14 0.1 3 54 ClIjJnrcnc 1.38 0 .09 0. 14 0.04 
4 Sabinene 8.50 13.54 17. 16 1.94 55 8-Cndinenc 0.1 2 0.07 0.1 3 
5 J3-Pincnc 11.08 10.88 9.16 6.40 56 (2)-Ne rol idol 0.20 0.05 0 .1 1 0.05 
6 Myrcene 2.23 2.30 2.20 S.40 57 Elcmol 0. 11 0.06 0.07 0.08 7 a -Phcllandrenc 0.68 0.20 2.32 58 (E)-Nerolidol 0.1 2 0.04 0.07 003 8 o-3-Carcmc 2.82 0.1 8 1.03 59 Caryoph y ll c il c alcohol 0.07 0.02 0.04 0.02 
9 a -Terpincne 0.39 1.1 3 60 Caryophy llcnc ox ide 0.90 0. 35 0.38 0.25 10 p-Cyrnenc 0. 18 0.07 9.70 6 1 Cedro l 0.07 0.05 0.05 II (Z)-f} -Ocimcnc + p -phell andre ne 0. 15 0.23 0.37 62 a -Cad ino! 1. 5 1 0. 29 0. 12 1.27 12 Limollcnc 2 1.06 2 1.26 22 .7 1 16.74 63 a -Cad inol 0.26 0 .1 2 0. 15 0. 25 13 (E)- J3-0 c imene 0.18 2.84 0.30 0.1 7 64 ~-B i sabolol 0.20 0.09 0. 17 0.14 14 y-Terpincnc 0.0 1 0.49 0.03 

15 Tral/s-sabincne hydrate 0.14 0.30 0. 19 Source: Narayanan 2000. 
16 Terpi nolene 0.10 0.20 0.22 0.08 t = trace «0.01 %) 
17 Tralls- linalool oxide 0.03 0.1 8 0.08 1 = P:lnniyur- l 2 = Panni yur-2 3 = Panni yu r-3 4 = Pall lli yu r-4. 
18 Linaloo l 0.22 0.22 0.46 0.28 
19 Cis-p-mcnth -2-en- I -o l- + cis-p- 0.04 0.04 0.05 0.02 Table 11 .5 Pc rccntagc composition of ca rd amom vo lati le from diffcrent sources 

mClllh -2.8-d icnc- l -o l 
20 Tralls-p-menth -2-en- l -ol 0.01 0.0 1 0.01 0.0 1 Componc nt Var. Malabar Vnr. Mnlaba r Vnl". Mysore Sri Lanka 
2 1 Ci tronella l 0.02 0.03 0.03 0.01 (Ceylon) (Gau tc mala) (Wi ld) 
22 p-Menth-8-en- l -ol 003 
23 Borncol t t t I a -Pincne 1.10 0. 7 1 1.40 13.00 
24 Terpinen-4-o l 0. 19 0. 32 0. 52 O.IS Camphene 0.02 0.03 0.04 0. 13 
25 a-Terpineo l 0. 10 0.1 7 0. 12 0.07 Sabine llc 2.50 3040 3. 10 4.90 
26 Dihydrocarveol 0.0 1 0.02 0.02 p.Pinenc 0.20 0.34 0.26 4.90 
27 p-Menth-8-cn-2-ol 0.0 1 0.02 0.02 Myrcenc + tc rpinene 1. 80 1.50 1.10 2.50 
28 Tralls-ca rveo l 0.01 0.01 0.02 a -Phellandrenc <0.01 <0.01 <0.0 1 0.42 
29 Cis-carveol + carvonc 0.01 0.03 0.03 0.03 D·Limo nene 0.Q2 0.1 2 0.14 2. 10 
30 Piperitone 0.04 t 003 t 1.8-Cineo le 3 1.0 23 .4 44.0 3.30 
3 1 Carvone oxide 0.0 1 0.0 1 0.01 y-Terpinc ne 0. 12 0. 34 0. 10 22.2 
32 Myrteno l 0.20 0.04 0.1 1 0.04 Linalool 2. 10 4 .50 3.00 3.70 
33 a -Tcrpi ny l acetate 0.86 1.22 1.33 1.05 Citronella l <0.01 0.04 0.06 0.1 3 
34 Nery l ace tate 0.20 0.07 0.05 0. 13 4.Tcrpineo l 0. 14 0.28 0.87 15.3 
35 Gerany l acetate 0.1 2 0.01 0.07 0. 11 a-Tcrp ineo l lAO 1.90 1.50 0.86 

6 a -Cll boc be Ife/ D-C I eme ne 3.25 0.26 0.1~ 2.56 e itron-ell ol <0.01 0.04 <0.01 0.0 1 
37 a -Copacne 0.82 0.49 0.44 0.7 1 Nero l 0.02 0.04 0.06 0.78 
38 p -Elemcnc 0.09 0.09 0.06 0.05 Linalyl acetate 3.30 6.30 3. 10 0.3 1 
39 ~ -Ca ryophy ll ene 2 1.59 27.70 23 .2 2 1.1 9 Geran iol 0.27 0.38 0.25 0.34 
40 Trmu-a-bcrga Illo tene 0.3 1 0.28 a-Terpin yJ aceta le 52.5 50.7 37.0 0.14 
4 1 a- I-llll11ule lle 0.2 1 0.20 0.29 Gcranyl acetate 0.08 0.13 0. 15 1.50 
42 (E)-p -Fa rncsene 0.08 0.22 0.11 0.13 Trans-nerolidol 0.09 0. 83 0.07 0.44 
43 a -A mo rph enc 1.5 1 1.5 3 0.03 1.28 Cis-ncro lido l 0.23 1.60 0. 28 0.37 
44 a-Guaiene 0.11 0.07 1.54 0. 10 
45 Clovene 0. 14 0.07 0.07 0.13 Source: Zachariah 2002. 
46 Germacre ne-D 0.04 0.03 0.04 0.26 
47 ar-Cll rcurnene 0.26 0.1 2 0.04 0.29 

the composit ion of bark o il from 25 sa mples of Cillll{flllOlllll1ll cassia and the major 48 p -Se li ncnc 0.64 0.87 1.37 0.63 
49 a -Sc linenc 0.07 0.12 0.48 0.14 components ide nt if ied w e re (E)-cinnam alcleh yd e (92.0- 98.0%), (Z)-c innamalde hycle 
50 o-Muurolcne 0.73 0.93 0.16 0.58 (0.8- 2.7%), ~-caryophyllene (0.4- 3.6%), coumar in (0.1 - 1.6%) and a -y langene (0 . 1-
5 1 (E.E}-2-Fa rncsene 0.72 0.47 0.72 2.7%) . Analys is of the chinese cass ia o il by HPLC m ethod and s upercr itical CO, 

extraction indicated c innama ldehyde co nt e nt as 68.2- 7 1.9% and 73.9- 74.4%, 
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Table 11.6 Trace components ill cardamom volatile oi l 

Hydrocarbons 

a -Thujc nc 
Camphene 
a -Tcrpi nenc 
cis-Ocimcnc 
tralis-Oci rnc ilc 

Source: Govindaraj an ell/I. 1982 . 

Alcohols and phenols 

3-Mclhyl buumol 
fl-Mell I h-3-cn-l-ol 
Perillyl alcohol 
CUlllinyl alcohol 
fJ-Cresol 

respecti vc ly (Ehlers el al. 1995, l awrence 200 I). Evaluat ion for chemi cal constituents 
in open pollinated seedling progenies of C. cassia access ions from Calic ut (India) 
showed that these contained 1.2-4.95% bark o il , 6.0- 10.5% bark oleorcsin and 0 .4-
1.65% leaf oil. The maj or component of both the oil s, namely, c innamaldehyde, 
va ried from 40.7- 86.0% a nd 6 1. 9- 9 1.5% respec ti ve ly in leaf a nd ba rk o ils 
(Krishnamoorthy el al. 1999). T he leaf oi l of cassia from China contained 74 .1 % 
cill1l3maldehyde, 10.5% 2- l11cthoxy ci nnamaldehyde and 6.6% cinnamyl acetate as 
major components whereas the Australian cass ia recorded 77.2% cinnHmaldehyde, 
15.3% coumarin and 3.6% ci nnam yl ace tate as chi ef constitu ents (Dao 1999). 
Composition of leaf and bark oil of C illlW I1I Olllll11l cassia from Yunnan Prov ince is 
indicated in Tabl e 11 .7 (li el al . 1998). 

Cinnamon 
CilllWI1IOmlllll Verlllll (Syn. c. zeyloll icum ) yields mai nly leaf and bark oi ls, that arc 
used in perfumery and fl avouring. The major component of the leaf o il is eugenol 
whil e that of bark o il is c inn amaldehyde. Senanayake el al. (1 978) identified 32 
components in cinnamon oi I, of which eugenol (70. I %) and cinn amalclehclycle (75.0%) 
were the major compounds in leaf and bark respecti vely. The o il from its root bark 
contained camphor (56.2%) and I ,8-cineole ( I I .7%) as chief components. The cinnamon 
varie ties Navashree and Ni thyasree, recorded 2.7- 2.8% bark o il , 10% bark oleoresin 
and 3% leaf oil contents (Kri shnamoorthy el (II. 1996). Two types o f C illlWIIIOlIIlI1II 

zeylal1iclllfl leaf oils ex ist, the main constituent of one being eugenol and that of the 
other benzy l benzoate . Nath el (I I. ( 1996) reported a variety of C. "erlll il growing in 
Brahmaputra vall ey (India) with benzyl benzoate as a major constituent in both leaf 
and bark oi Is. The essential oi I of the leaves of C. zeylolliclIJIl from Cameroon contained 
c ugcnol (85:2 %), (E)-c innamalclehyde (4 .9%) , linaloo l (2.8%) and p-caryophyllene 
( 1.8%) (J irovetz el al. 1998). 

A chemotype of Cil/nall/oml/l11 zeylallicfllIl with 85.7% linalool in lea f oil was 
reported from Calicut (South Indi a) by lirovetz el al. (200 I) (Table 11 .8). C innamon 
leaf oils o f Ind ian orig in contai ned 8 1.43- 84.5% e ugenol (Mallavarappu el al. 1995) 
(Table 11 .9). Syamasundar el al. (2000) reported variation in the composition of 
unripe and ripe fruits of cinnamon. The oil from unripe fruits was dominated by 0-
cadinene ( 19. 15%), a-pinene ( 11 .47%), p-pinene ( 10.5 1 %), E-cinnal11yl acetate (7. II %) 
and y-cadinene (8.05 %) whe reas the ripe fruit s contained y-caclinene (23.48 %), a 
pinene ( 11 .52%), E-cinnamyl acetate (8.62%) and a -l11uurol ene (8.22%) as chief 
components. The fruit o il fro l11 South Ind ia was dominated by a-pinene (11 .2%), p
pinene (9.2%), p-caryophyllene ( 11 .0%), a- l11uurole ne (6. 1 %), Ii-cadinene (20.2%) 
and a-muurolol (9.8%) (Mallavarapu and Ramesh 2000) (Table 11 . 10). Volatile oil 
from cinnamon fl owers was dominated by (E)-c inn amyl acetate (4 1.98%), trans-a -
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Table 11.7 Comparati ve percentages. cornposition of the leaf and bark oils of CilllwlI/o/lll/lI/ 

cassia 

Compound Lenf oil (%) Bark oil (%) 

a -Pinene 0.05-0.36 0.10- 0.25 
Camphene 0.04- 0.05 0.05- 0. 10 
p-Pinenc 0.04-0. t5 0. 14- 0.22 
Myrccnc 0.02-0.03 1- 0. tO 
a -Phcllandrcnc 0.O t-0.03 1- 0. t3 
Limoncne 0. 13- 0.24 O. t4- 0.29 
I,S-Cineole 0.05-0.08 0.06- 1.07 
o-3-Carenc 0.03- 0.05 1- 0.07 
p-Cymcne 0.1 t- 0. 19 0.04- 0. t8 
Camphor 0.07- 0.1 5 0- 0.08 
Benzaldehyde t .42-1.48 0.50- 1. to 
Li nalool O. t t-0.23 0.08- 0. t6 
Terpinolcnc 1 0-0.04 
p-C:uyophyllene 0. 16-0.20 1- 0.27 
a -Humulclle 1- 0.03 0-0. t5 
p-Elemenc 1- 0.06 
Isoborneol 0- 0.20 0- 0.27 
Borneol O. t 5-0.4 t 0.06- 1.27 
a -Terpi ncol 1- 0. 10 0.07- 2.05 
Geraniol 1 0.08- 0.3 1 
Carvonc 0.57-0.64 0- 0.34 
2-Mclhoxybcnzaldehyde 0.08 0- 0. t2 
Safrolc 1- 0.20 
y-Elcmcnc 0- 1 0- 0.41 
o-Cadincne 1- 0. t3 
p-Cadincnc 1- 0. tO 
H ydroci n na Inaldchyde 0.88- 0.89 0- 0.24 
Pheny laccta Idehyde 0.07- 0. t6 1- 0.27 
Melh yl eugenol 0.14- 0. t5 1- 0.05 
(E) -Cin namaldchyde 64. 10- 68. 30 80.40- 88.50 
n-Copacne 0.4 1-0.49 0.23- 0.68 
Vanill in 1 1- 0. to 
Sal icylaldehyde 0.05- 0.42 0.04- 0.85 
2-Phenethyl alcohol 0. 11 - 0.27 1- 0. t6 
Benzyl alcohol 1- 0.05 
Acetophenone 1- 0. t 0- 0.6 
Eugenol 0.04-0.06 0.03- 1.08 
(Z)-Isoctl gcnol 0. 14- 0.28 o. t2-0.66 
(E)-Cinnamyl acetate 4.50- 12.50 0.60- 5. to 
y-Muuro lenc 1 1- 0.50 
Anisaldehydc 0.58- 1.02 
2-Phenethyl acetate 1- 1.55 
~-B isabo l e nc 1- 0.06 1- 0.t 8 
~-B isnbo t ot 1 1- 0. 35 
a-Muu ro lol 0- 0.08 0- 0.24 
Coumarin 0.03- 0.08 1- 0.45 
(E)-Cinn fl mic acid 0.80- 2.48 0. 12- 3. 10 
(E) -2-Met hox yei nnama ldehyde 8.40- 10.50 1- 2.50 
Hydroeinnamie acid O. t8- 0.5 t 0.024 
4-Hydroxy-2-phcneth yl alcohol 0- 0.12 0- 0. to 
Caryophyllcnc ox ide 0. t5-0.17 0- 0. to 
Palchoulc llc 0.06- 0.07 0- 0.04 
Octanoic acid 0- 1 
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'1~'l ble 11.7 Continlled 

Compound 

3· Pllcnylpropyl acetate 
NOIl<llloic ac id 
Guaicol 
(E)-Cinnarnyl alcohol 
(E)-Ethyl cinnam:1lc 
Bellzyl benzoate 
Meth yl alan inatc 
Guaieyl cillnamalc 
Occanoic acid 
Undecanoic acid 
Dodecanoic ac id 
Benzoic .. cid 
Salicylic acid 

Source: Li ct al. 1998. 
Note: T = trace. 

Leaf oi l (%) 

0.21 - 0.43 
1- 0. 10 
I 
0. 15 
0. 11- 0.27 
0.07- 0. 15 
1- 0.05 

I 

0- 0.05 
1- 0.04 
0.07- 0. 11 
1- 0. 10 

Bark oil (%) 

0.05- 0.22 
0- 1 
0- 0.08 
0.05- 0.13 
1- 0.14 
1- 0.38 

I 
0- 1 
0- 0.1 1 
0- 1 
0.07- 0. 10 
0.1 0- 0.20 

Table 11 .8 Composi tion of oil from Ci/1lU/I/IOII/IIIII zeylol/iclflll leaves from 
CaliclIl , India 

(E)-2- l-Iexenol (0. 1 %) 
(Z)-3- l-Iexenol (0. 1%) 
1-l-Iexen-3-01 (0. 1 %) 
Hexanol (0.1 %) 
a-Pinene (I) 
(Z)-3-Hexenyl acelalc (0. 1 %) 
(E)-2-l-I cxenyl acelalc (0. 1 %) 
p-Cymene (I) 
p-Phellandrene (I) 
(E)-p-Ocimene (I) 
1,8-Cineole (0.1 %) 
Limollcne (0.2%) 
Cis-Li nalool oxide* (0.1 %) 
Tcrpinolcnc (0. 1 %) 
Trall.'i-Linalool ox idc* (0.1 %) 
Linalool (85.7%) 
Nonanal (0.3%) 

Source: Jirovelz el {II. 200 1. 
Jole: '" fuwnoid form : I = lrace «0.01 %). 

Borneol (0. 1%) 
Tcrp incn-4-ol (0.3%) 
a -Terpineol ( 1.1 %) 
Dihydrocarveol (I) 
Linalyl aclalC (0. 1 %) 
(E)-Cinnamaldchyde ( 1.7%) 
Safrole (I) 
(E)-Cinnamyl alcohol (0. 1 %) 
Eugenol (3. 1 %) 
(E)-Cinnamyl acetate (0.9%) 
p-Caryophyllene (2.4%) 
(J.- HlIllllllcne (0.2%) 
Ellgenyl acetatc (0. 1 %) 
Caryophyllcnc ox ide (0. 1 %) 
Spalhu lenol (0.2%) 

berga mo te ne (7.97%), ca ryo ph yll e nc ox ide (7.29%) an d a-cad ino l (6.35 %) 
(Jayaprakasha el al. 2000). 

Clove 
Clove essential oils are ex tracted from Eugenia cmyop/tyl/ala (Syzygillm aromaliclllII , 
Eugenia aroma/ica, E. caryop/tyl/us) from the M yrtaceae family. Clove oil is extracted 
from the leaves, stem and buds. However, onl y the clove bud oil is lIsed in aromatherapy, 
since it contains less eugenol. Phenolic reacti vity was seen almost throughout the 
bud, wilh a grealer concenlrati on in Ihe outer glandul ar regio n of Ihe hypanlhium 
than in the inner aerenchymatolls spongy tisslle (Mangalakumari and Mathew 1985). 
Dried leaves of clove grow n in Lillie Andaman ( India), on hydrodi Sli li alion, gave 
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T:.l ble 11.9 Volati les from C illlwllloml/lll )'entll! lcaves 

Compound 

a -Thujene 
(J.-Pinene 
Camphene 
Sabincnc 
<x-Pinenc 
Myrcenc 
n-OcwnaJ 
a -Phcl landrenc 
l\-3-Carcne 
a-Tcrpincne 
p-Cymcllc 
1,8-Cincole 
~- Phell a ndrene 
(z)-~-Ocimcll c 
(E)-~ - Ocilllenc 

y-Terpillcnc . 
cis-Lina!ool oxidc ( fu ranold) 
trtlllS-Linalool ox ide (furanoid) 

Terpinolene 
Linalool 
2_Phenylclhanol 
Camphor 
Cilronellal 
Borncol 
Tcrpincn-4-ol 
a-Terpineol 
Meth ylchavicol 
(Z)-Cinnamaldehyde 
Ncrol 
CUlllinaldehydc 
Piperitone 
(E)-Ci 11 nama! dchydc 
Linalyl acetate 
Safrolc 
(E)-Cinnaillyl alcohol 
2-Phcl1 yleth yl propionatc 
Eugenol 
(E)-Mcthyl cinnaillatc 
(Z)-Cinnamyl acetate 
~- Elell1enc 
(Z,E)-a-Farncsene 
(E)-Cinnamyl acelate 
p-Caryophyllene 
(Z)-Mcthyl isocugcnol 
(J.-Hulllulene 
(E)_Methylisoellgenol 
~-Sc lin enc 
Ellgenyl acelatc 
y-Cadincne 

Source: Mallavarapll el 0/. ( 1995). 
Note: t = trace «0.0 1%). 

% Composilion 

Leaf 

0.04-006 
0.38- 0.49 
0. 17- 0.18 
I 
0. 16-0. 18 
0.09- 0.13 
I 
0.50- 1.03 
0.05 
0.03 
0. 16- 0.28 
0.23- 0. 38 

I 
0.05 
0.05 

I 

0.05- 0. 11 
1.57- 3.70 
I 
0.10 
0.39 
0. 12 
0.04- 0.05 
0. 10- 0.14 
0.19 
I 

0.26 
I 

0.03 
0.63- 1.5 1 
0.52 
0. 19 

I 

8 1.43- 84 .50 

I 

0.25- 0.28 
I 
0.73 
2.49 
0.47- 2.25 
I 
0. 12- 0.46 

I 
0.14- 2.85 
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'I\,blc 11 . 10 Composition of CilllWIIIOlIIlI1II zeylclllicl/Il1 frui t oi l 

(E)-2-Hexenol (I) 
Tricycicilc 
a- Pinene (1 1.2%) 
c..lJnphenc (0.6%) 
B-Pinene (9.2%) 
M yrcene ( 1.6%) 
a - Phellandrcnc (0.7%) 
a -Terp inenc (0.2%) 
p-Cyrnene (0. 1) 
LiIllOllcnc (2.8%) 
I ,S-Cineole (0. 1 %) 
(Z)-B-Oci lllene (0. 1 %) 
(E)-B-Ocilllcne (0.2%) 
y-Tcrpincnc (0. 1%) 
Tepin olenc (0.5%) 
Linalool (0.2%) 
a -Fenchyl alcohol (0.5%) 
Isoborneol (I) 
Borneol (0.5%) 
Terpincn-4-ol (0.1 %) 
a -Terpi neol (0.5%) 
Nerol (I) 
Gcmniol (1) 
Isobornyl acetate (0. 1 %) 
(Z)-Cinnamyl acetate (0. 1 %) 
a -Copaene (2. 1 %) 
p-Elelllene (0.4%) 

Source: M allavarapu and Ramesh, 2000. 
Notes: * correct isomer 1101 idenlified; 1 = trace «0. 1%). 

(E)-Cinnarny l acetate (0.4%) 
p-Caryophyllenc ( 11 .0%) 
(E)-B-Farnesene (O.S%) 
a -Hulllulcnc (2.2%) 
y-M li uroicilc (0.2%) 
Gcnn<lcrcnc 0 (0.2%) 
o.·MulIrolcnc (6. 1 %) 
tS-Cadincnc (7. 1%) 
8-Cadincnc ( 13. 1%) 
Cis-Calarnillncnc (2.2) 
a -Cadincnc ( 1.2%) 
Elelllol (1.9%) 
(E)-Ncro li clol (0. 1 %) 
Isocaryophyllcne oxide (0.2%) 
Spalhu lenol (0.8%) 
Caryophylicllc ox idc (0.4%) 
Globulol (0.4%) 
J-I ullllllcnc epox ide I (0.5%) 
1-llllllUlcllc epoxide I I (0.6%) 
I -Epi -cubenol(O.! %) 
T-Cadinol (0.2%) 
Cubenol (0.9%) 
a -Muuro lol (9.8%) 
Sc lin- ll -cn-4a-ol (0. 1 %) 
a -Cad inol (3. 1 %) 
4-H ydrox y-3,4-di hydrocn lncorcnc * (0.2%) 
4-Hydroxy-3,4-dihyd rocn lncorcllc* (0.1 %) 

4.8% oil. The major compound was cugenol (94.4%), fo llowed by p-caryophyllene 
(2.9%) (Raina el al. 200 I ) (Table 11.11 ). 
. :-he chemical composition of bud and lear oi Is of S. aromaticlIlII from Cuba 
Incitcated 36 and 3 1 volatile compounds, respectively. The major componcnls of the 
bud 011 were eugenol (69.8%), p-caryophyllene ( 13.0%) and eugenyl acetate ( 16.1 %), 
whereas the leaf ot! contallled eugenol (78. 1 %) and p-caryophyllenc (20.S%) as the 
maIn consttlucnts (Pi no el al. 200 I ). During lea f growth (betwcen days 2 (initial Icaf 
stagc) to 4 1 (yellow Icaves) days), the contelll of caryophy llene in the essential oi I of 
leaves decreased from 6.3 % to 0. 2% and the content of eugenol acetate decreased 
Irom S1.2% to I.S% but Ihe eugenol contcnt increased from 38.3% 10 9S.2% 
(Gopalakri shnan and Narayanan 1988). 

In th.e clove bud and stem essential oil s from Madagascar fOUf component s 
predomlllalcd: eugenol (73.S- 79.7% in bud and 76.4- 84.8% in stem oils); p_ 
caryophyllene (7.3- 12.4% in both oils); a-humulene ( 1.0- 1.4% in bOlh oils); and 
eugenyl acelate (4.5- 1 0.7% and I .S-8.0%, respecli vely) (Gaydou and Randriamiharisoa 
1987). The neulra l fraction of I he bud oi I from Madagascar cOlliained p-caryophyllene 
(7S.64%), a-humulene ( 14. 12%) and o-cadinene (2.34%) as the major components 
(Muchala and Crouzet 1985). Gopalakrishnan and Narayanan ( 1988) rcporled that 
the eugenol contcnt in leaves increascd from 38.3% 10 9S.2%, wilh malurily, while 
Ihe conlents of eugenyl acelate (S I .2% to I .S%) and caryophyllcne (6.3% to 0.2%) 
decreased. The clove bud and stem oils from Madagascar werc dominated by cugenol, 
eugenyl acelate and p-caryophyllene (Gaydou and Randriamihari soa 1987). 
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Table 11.11 Percentage composi tion of clove oil 

Componcnts 

(E)-P-Ocil11cnc 
Li nnlool 
Terpincn-4-ol 
Nerol 
Eugcnol 
u-Copaene 
p-Caryopbyllcne 
u-Hul11l1 lcnc 
(E.E)-a-Farncscnc 
y-Cadi ncllc 
(E)-Nerolidol 
p-Caryophyllcnc oxide 
1-I11flluicne ox ode II 
I-Cad inol 
Cadalene 
Hcxadecy l acetate 

Source: RaitHl e/ al. (200 I ). 

Percentage 

0.03 
0.08 
0.03 
0.79 
94 .4 
0.04 
2.9 1 
0.36 
0.06 
0. 18 
0.03 
0.67 
0.Q7 
0.07 
0. 18 
0.09 

Gopalakri shnan el al. ( 1984) characleri zed six sesquiterpenes namely, a-cubebene 
(1.3%), a -copacne (0.4%), a -humulene (9. 1 %), p-caryophyllcne (64.S%), y-cadincne 
(2.6%) and o-cadinene (2.6%) in Ihe hydrocarbon fract ion of Ihe freshly distill ed 
Indian clove bud oil. Clove oil fromlhe Malagasy republic was dominaled by eugenol 
(72- 73%), cugenyl acctale (6.3-7.8%) and caryophellcne ( I S.7%) (Lawrcnce and 
Reynolds 1985). The essenlial oi I contenl ranged from 12.9- 18.S% in clove buds and 
3.0- 7.7% in ped ice l. Eugenol content varied from 44- SS% in bud oil and 60.0-
72.4% in the oil from pedicel (Zachariah el al. 200S). 

Coriol1der 
Coriander oil is cl ear, colourlcss 10 l ighl ye llow liqu id. Norwegian seeds contain 
higher levels of volatile oil (1.4- 1.7%) (Purseg love el al. 198I b). Indian coriander 
seeds are poor in oil conlenl (0.1 - 0.4%) (Agrawal and Sharma 1990). Thc major 
component of Ihe essential oi l was Iinaloo l (67-70%). Kum ar el al. ( 1977) observed 
that small-fruited cori ander was characlcri zed by high oil conlent and preferrcd for 
distillmion . Large fruited coriander seeds are lower in oil conten t and are more sui ted 
for use as spi ce. 

Leaf oi l of cori ander is dom inaled by decana l ( 10%) and dodecanals (3S%). Indian 
coriander oil is lower in linalool content and higher in linaly l acetate (Rao ef af. 
I92S). Coriander seed oi l contained 2 1 % linalyl acetale and 42% linalool (Gupla el 

al. 1977). Stcam dislilled oi l contained Icss linaloo l (7 1.9%) compared 10 CO, ex lrac t 
(83.2%) (Hirvi el al. 1986). Boelens el al. ( 1989) rcported thai linalool con ten I 
(70.4%) was higher by hydrodi stillation as against by hydrodiffusion (66.2%) and 
organoleptic prcference was slightly more for the oi l obtained by hydrodiffusion over 
hydrod isti Iialion. 

Nitz el al. ( 1992) compared the composition of Ihe dislilled oil of coriander wilh 
that of the SFE ex lracl and found Ihal the major compounds werc linalool (63%), 
Iimonene (4%), y-Ierpinene (9%), camphor (4%), a -pinene (8%) and geranyl acetale 
(2%). Diederischen ( 1996) anal yzcd 237 accessions of frui I oi I andlhe mai n consli luents 
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in these varied as follows: a -pinene (6.S- 28.9%), y-terpinene (0. 7- 3S.4%), camphor 
(0.4- 6.3 %), linalool ( 19.8- 82 .0%), geranyl acetate (1.3- 12.4%) and geraniol (0 .3-
3.3%). 

Bandoni el al. ( 1998) compared the composition of coriande r seed oil produced by 
water and steam distillation and found thaI the oi ls were qu ile similar. The chem ica l 
composition o f the seed essenti al o il grow n in Brazil contai ned lin aloo l (77.48%), y
te rpinene (4 .64%), a -pinene (3.97%), Iimonene (1.28%), gerani ol (0.64%) and 2-
decenal (0.16%) as the main componenl s (Fi gueiredo el al. 2004 ). 

Cumin 
Cumin seeds yie ld 2.3-4.8% vo latil e oil. The oil is ye llow amber liquid th at tend s to 
darken on ageing. The charactcri stic odour of cumin is mainly due to the aldehydes 
present in the seeds namely, cuminaldehyde, p-menlh-3-en-7-a l and p-menth- I ,3 -
dien-7-al. (Agrawa l 200 I). Indian cumin oil is reporled 10 be lower in cuminaldehyde 
content. Turki sh cumin seed oi l was reporled to have cumin aldehyde ( 19.2%), 1'
menlha- I ,3-dien-7-al (4.2- 12.2%), p-mentl,a- I A-di en-7-al (24-48%), y-terpinene (7.0-
14. 1 %), p-cymene (9. 1- 12.0%) and p-pinene (2.9- 8.9%) as major constituent s (Baser 
el al. 1992). Shaath and Azzo ( 1993) reporled 2S.0 1 % cuminaldehyde in the cumin 
seed oil of Egypt ian ori gin (Table 11 .12). Pande and Goswami (2000) identifi ed 12 
constituenl s conlributing to 86.4% of the o il of which the chi ef components were 
cuminaldehyde (32.6%), p-cy mene ( 14.7%), p-mentha- I ,4-dien-7-al ( 13.5%) and p
pinene ( 12.7%). 

Dill 
Essenti al oil is ex tracted from the seeds and leaves of dill. Fresh herb yields 0. 19% 
light ye llow oil and seeds yield I % oil (light ye llow). The major component of seed 
oil is d-carvone while Ihal of leaf oi I is a -phellandrene (G uenther 196 1 a, Pino el al. 
1995, Kruger and Hammer 1996, Faber el al. 1997 , Ranade 1998, Vera and Chane
Ming 1998 and Minija and Thoppi l 2004). 

Ravid el al. ( 1987) isolated optically acti ve S (+ )-cm·vone, the major component 
of the fruit s of dill oi l. The importance of S-( +) ca rvone is that il is used as Ihe starling 
material for the synt hesis of (R, Z)-3-methyl-6-isopropenyl-3,9-decadien- l -yl acetate, 
a pheromone component of the femal e California red scale, while R-(- )- cm·vone is 
used as a starting material in the preparation of picrotoxinin (Rav id el 01. 1987). 

Table 11.1 2 Chemical composition of clllllin seed oil of Egypti an origin 

Compound Percentage content 

a -Thujenc (0.28%) Tcrpinolenc (0. 11 %) 
a -Pinene (0. 78%) Terp incn-4-ol (0. 16%) 
Camphene (trace) p-mcnlh-3-en-7-al (3.83%) 
Sabinenc (0.40%) a -terpineol (0.05%) 
p-rinene ( 14 .64%) Cuminaldchyde (25 .01 %) 
Myreene (0.92%) p-mclltha- I ,4,dicn-7-al ( 17.36%) 
a-Phcllandrenc (0.63%) p-mentha- ) .3,dicn-7-al (5.84%) 
p-CYlllene (4.91 %) p-earyophyllene (0.20%) 
p-Phellandrene (0.30%) Tmlls- {X.-bcrgamotcne (0.3 1 %) 
limoncne (0.37%) 
y-Tcrpincne (J 9.12%) 

Source: ShatHh and Azzo ( 1993). 
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Huopalahti el af. ( 1988) compared the composition of d ill herb o il oblained by 
hydrod istill at ion, solvent ex trac tion and CO2 extraction by GC-MS and HS-GC (head
space GC). Each method gave diffe rent composit.ion for Ihe vo lati les of (1111 he rb 
(Table 11 .13). However, the max imu m concentratIon of the most Important aroma 
compound in the dill herb, namely, 3,6-dimelhyl-2,3,3a,4,5,7a-hexahydro benzofuran 
was obtained with head-space GC (38.S% ± 1.2%) analySI S. The 011 obtallled by the 
hydrodi st illation method cont ained 3,6-dimelhyl-2,3 ,3aA,S,7a-hexahydrobenzofuran 
(36.7 % ± 1.6%) and a -phe ll andrene (32. 1 % ± 1.6%) as major componen ts. CO2 

ex trac ted oil contained 3,6-dimethyl-2,3,3aA,S,7a-hexahydrobenzofuran (33.2 % ± 
3.7%) and neophytadiene ( 19.9% ± 4.3%). The solvent ex tracted oi l was dominated 
by 3,6-dimethyl-2,3,3aA,S,7a- hexahydro benzofuran (27. 1 % ± 2.2%), a -phellandrene 
(22.3 % ± 3.7%) and neophytadiene ( 14.0% ± 1.8%). 

Pu re oil of dill weed should contain a minimum of S% 3-9-epoxy- p-menthene. In 
pure dill oil the percent age ratios of a -phe ll andrene to Iimon ene to p-phellendrene 
are 20 :2S:3 . The chemi cal compositi on o f dill oi l of Hungarian Orl glll IS as foll ows: 
a -thujene (0.3 %), a -pinene (0.8%), myrcene (0.7 %), a -phellandrene (29%), Iimonene 
(2S %), p-phellandrene (4.2 %), p-cy mene ( 1.3%), l -melhyl-4-isopropy l-benzene. 
a-p-dimethylstyrene (trace) , dihydrocarvone (0.3 %), isodih ydrocarvone (0 .2%): and 
D-cm·vone (3S .2%). Lab di stilled oil of AllellwlIl graveolells seed from PakIStan 
indicated Ihe presence of Iimonene (9.34%), dill apiole (28.28), carvone (52.2S%) 
and dihydrocarvone. (Lawrence 198 1). Zaw irska-Wojlasiak el al. ( 1998) studied the 
aroma profile of dill varieties grown in Poland. They found that carvone and 1.lmonene 
amount to 90- 96% of tOlal volatiles COil tent. Other compounds o f the od arc a 
pinene, cx-phellendrene, p-cymene, terpinene-4-ol, dihydrocarv?l1e, eugenol and. v~l1i llin . 
They could establish variability in the organoleptic properlles between vari etIes. 

Fellnel 
Fennel seeds yie ld aboul 2- 2.S% oil on dry weight basis. Fenne l seeds have fragrant 
odour and pleasant aromatic taste. There arc two types of fennel - common fennel 
and sweet fennel. Common fennel (Foel1icH/1I11l vulgare Mill ) contains 2.5-6 .5% 
volatile oil. The oil is a co lourless to pale ye llow liquid with an aromatic, spicy 

Table 11.13 Composition of dill volatil es ex tracted by different methods 

No. Compound Amolln ts (%) 

Solvent Hydro- CO,-
extnlction di stillation extraction 

I. a-Pinene 0.5 1.1 0.2 

2. a-Phcl lnndrcnc 22.3 32. 1 6.8 

3. Limoncne 1.5 2.5 0 .7 

4. ~-Phel landre ne 3.7 5.6 1.7 

5. p-Cymcnc 2.1 5.7 1.8 

6. 3,6-Di Ille lhy 1-2 ,3,3a,4 ,5, 7 a- 27. 1 36.7 33.2 

hexahydrobcnzofuran 
7. Can'one 0.7 0.8 1.0 

8. Ncophyladic llc 14.0 Ir 19.9 

9. Myrislicill 3.3 2.9 5.8 
10. Apiol 3. 1 0.6 4.2 

Source: Huopa\alui el al. ( 1988). 

Head-space 

1.4 
16. 1 
3.2 
5.5 

13.5 
38.5 

4.7 
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odour. The major component in the seed oi l is anethole. The herb oil of fennel 
contain s Ct-phcllandrcnc, pinenes, anethol e and methyl chavi col. Biller fennel oil is 
obtained from F. vlligare var. vulgure which is culti va ted in Europe. Sweet fennel (F. 
vulgare M ill val'. du lce) is mainl y culti vated in France and Italy. It is also known as 
Roman or French oil. The essential oi l is yellowish green liquid with characteristic 
An ise odour. 

Naves and Tucakov ( 19S9) reported that Yugos lavian fennel oi I contained 1 ral/s
anethole (SO- 80%), cis-anetho le (>0.3%), methyl chavicol (3- 20%) and fenchone 
(0.7- 2.2%). Indian fennel oi l was found to contain 1,8-c ineole ( 1.9S%), Iina loo l 
(7.98%), safro le (3.67%), anisaldehyde (8.72%), anethole (64.88%) and methyl chavico l 
( 1.94%) (Srini vas 1986, Raina el al. 2004). T he main constituents are anethole (SO-
60%) and fenchone ( I 0- 2S%) (Agrawa l 200 I ). Yami ni el al. (2002) compared the 
compositions of hydrodistill ed and supercritical CO2 ex tracted oil s from the fennel 
seeds from Iran with th ose of France and Spain. Both contained anethole as the major 
componellt , but at higher temperatures and pressures higher solubility of anethole 
was noticed (Table 11 . 14). The major compounds in the oil s from Iran and Spain 
contained anethol e and limonenc, but the oil from Iran was richer in E-anethole 
whereas the Spanish oil contained relatively higher amount of limonene. The oi l 
from France was marked ly different from both these oils. The Frencll oi l was dominated 
by limonene with traces of E-anethole. 

Fellllgreek 
Fenugreek has been used in Indian folk medici ne as an antipyreti c, diuretic and 
suppurative and for treatment of dropsy, heart disease, chronic cough and spleen and 
li ver enlargement (Bhatti el al. 1996). Studies on the effect of roasting on the quality 
of fenugreek seeds indicated that li ght roasted seeds ( ISO °C) werc superior to those 
roasted at 17S °C and 200 °C with respect to their fl avour (Sankaracharya el al. 
1973). 

Girardon el al. ( 1989) ident i ned 39 components includi ng n-alkanes, sesquiterpenes 
and some oxygenated compounds in the volat iles of fenugreek. But 3-hydroxy-4,S
dimethyl-2(SH)-furanone, wh ich was earlier proposed as a fl avouring component of 
fenugreek seeds was not identified in the volatiles by Girardon el 01. ( 1989). However, 
the contribution of n-al kanes to the aroma of fenugreek seeds was considered minimal . 
According to Girardon el 01. ( 1989) elemenes, muurolens and y- and o-Iactones that 
are present in small quantities could be of great importance in the aroma of seeds 
because of their olfactory properties. Compared to volatile oil , solvent ex tracts of 
fenugreek gave typ ical navour of fenugreek and the characteristic compound was 
identified as 3-hydroxy-4,S-dimethyl-2(SH)-furanone (G irardon el 01. 1989). 

Fresh aeria l parts of fenugreek plant y ielded 0. 3% light ye llow oi l. The main 
constituents of the oil were o-cadinene (27.6%), Cl-cadinol ( 12. 1 %), y-eudesmol 
( 11.2%) and Cl-bisabo lol ( I O.S %). Other constituents were Cl-muurolene (3.9%) 
Iiguloxide (7.9%), cubenol (S.7%), Cl-mullrolol (4.2%) and epi -Cl-bi sabolol (S.7 %) 
(Ahmadiani el al. 2004). 

Gif1ger 
Ginger is va lued primarily for its aroma and in some products for its mild pungency. 
Tilese characters together contribute to the typical ginger fl avour. Ginger oil is prepared 
by steam distill ation and the aroma quality and compos ition will depend on the raw 
materia l and the area of culti vati on. Agrocl imatic conditions playa great role in the 
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Table 11.1 4 Vo latiles from fenn cl 

Compollnd % Composit ion 

a -Pinene 
Camphenc 
Sabinene 
p-Pincne 
Myrcenc 
a -Phellandrene 
p-Cy rncne 
Li moncnc 
(z)-p-Ocimene 
y-Tcrpinene 
Fenchone 
Tcrpi nolenc 
Camphor 
Linalyl propanoate 
Estragole 
p-Anisa\dehyde 
(Z)-Anelhole 
(E)-Anethole 
Copaene 
Germacrene D 
o-3-Carenc 
a -Terpinenc 
I-Limonene 
I-Fcnchone 
Methyl chavicol 
t-Carveol 
cm·vone 
a -Fenchyl acetate 
Safrole 
Trans-anethole 
a -eopaene 
n-Tetradecane 
Anisketone 
n-Hexadecanc 
Dillapiole 
Apio le 

Source: Yalllini l'1 lIl. (2002). 

0.76-2.00 
0.09 
0.15- 0.89 
0.36 
0.58- 2.24 
0.8- 7.67 
0.24 
2.82- 52.4 
0.79- 1.39 
0.09- 12. 1 
0.3- 11.00 
0. 13 
0.24- 0.62 
0.32 
0.78-4.45 
0.57- 2.8 
0.27 
0.4- 90. 14 
O.t 
0.25- 5.26 
0. 1-0.3 
0.1 
2. 1- 3.7 
7.0- 11.6 
3. 1- 10.8 
O.t 
Ir 

0. 1 
Ir 
73.2- 80.4 
I r 
0.2- 0.9 
0.2- 0.9 
0.2 
0. 1 
tr 

concentration of these consti tuents. Dry ginger oil is characterized by Ihe high proport ion 
of sesquiterpene hydrocarbons, predominantl y zingiberene, a small percentage of 
monoterpene hydrocarbons and oxygenated compounds (Gov indarajan 1982). 

Nishimura (200 1) separated odorants from fresh rh izomes of Japanese ginger 
using the multidimensional GC system and found that monoterpinoids such as linalool, 
4-terpineol, isoborneol, borneol, geranial and Ileral contribute towards the characteristic 
odou r. Bartley and Jacons (2000) described the ginger vo latiles from fresh and dry 
rhi zomes. The oil is extracted using supercriti cal carbon diox ide (Table II . I S). Vernin 
and Parkanyi (200S) compared chemica l composition of commercial oi ls from India 
and China. Z ingiberene and ar-curclImene levels are on a par in both types. 

Mi1ll 
Japanese mint (Memha arvel/sis) popularly known as menthol mint is a source of 
natural menthol which is widely used in pharmaceutical and flavour industries. Xue-
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Tuble 11.1 5 
Volmilc compounds in supcrcriti cal rlu id extnlcls of fresh ,lIld dried gi nger 

Compound 

Oelane 
Hcxanal 
a -Pinene 
Cmllphcne 
p-Pincnc 
6-Mclhyl-5-hcptcn-2-ollc 
p-Myrccnc 
OCI<l nal 
OCIa I1 -2-01 
Limonenc 
J3-Phcllandrcnc 
Heplyl acetate 
Terpinoicilc 
Linalool 
Citronellal 
Isoboi'llcol 
Borneol 
Decane 
Oceanal 
Ci tronellol 
Neral 
Geraniol 
Gernnial 

Borny l acelale 
2-Undcc<l llone 
C irlollclly l acetate 
a -Camphane 
GcmllY! acetale 
S-Elemene 
J3-Elcmcnc 
y-Elclllcne 
(Z)-p-FarnescIlC 
(E)-p-Farncscnc 
a-Guaiccnc 
ar-Curcumene 
Germae.-ene 0 
Z ingibcrcnc 
(E,E)-y-Farnescllc 
/3-Bisabolene 
y-Cadincl1c
j3-Scsqu i phcllandrcnc 
Elcmol 
Nerolidol 
a -Bisabolol 
Sesqui sabi ncnc hydrate 
Zingiberenol 
Guaicol 
ZingcrollC 
p-Eudeslllol 
Sesquilerpcne alcohol 
Phenyl CUrClIl11ene 
6-Paradol 
6-Shogaol 
6-Gingcr dione 

Source: Bartley and Jacons (2000). 

A mount fresh (%) 

0.39 
1.58 
0.35 
1.08 
0.00 
0.00 
0.30 
0.42 
0.13 
0.27 
1. 30 
0.00 
0.00 
0.4 1 
0.Q2 
0.00 
0.73 
0.00 
0.96 
0.76 
1.46 
3. 11 

18.47 
0.00 
0. 11 
0.47 
0.00 
3.00 
0.43 
0.00 
0.16 
0.15 
0. 14 
0.Q2 
1.54 
0. 74 

13.44 
7. 13 
2.49 
0.22 
5.85 
0.80 
0.38 
0.2 1 
0.30 
0. 15 
0.22 
7.49 
0.2 1 
0.64 
0.05 
0.50 
6.30 
1.92 

Amou llt dry (%) 

0.07 
0.87 
1.24 
2.89 
0. 11 
0.04 
0.94 
0.24 
0.31 
0.31 
4.68 
0. 11 
0.12 
039 
0.14 
0. 11 
0. 39 
0.00 
0.91 
0.47 
2.30 
1. 14 
3.90 
0.04 
0.24 
0. 77 
0.17 
5.87 
0.60 
0.14 
0.30 
0.3 1 
0.1 7 
0. 2 1 
2.29 
1.26 

24.58 
14. 19 
3.32 
0.19 
7.64 
0.44 
0.38 
0. 15 
0.29 
0. 13 
0. 14 
3.42 
0. 11 
0. 30 
0.14 
0. 17 
2.35 
1.00 
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Qi Han el al. ( 1998) found varia lion in o il co nle nl a nd mcnlhol conle ni in 
micropropagated mint plants compared to control . Some somCic lones exceeded controls 
in oi l and menlhol colllenis by 27.77% and 8. 16- 10.86%, respeclive ly. Kumar and 
Bhall ( 1999) fou nd mini oi l effeelive as a bioi nsecli ci de againsl AII/rilodus alkillSolli 
and Scirrolhrips II/allgijerae. Saxena and Singh (1998) sludied Ihe effecls of irri galion, 
mulch and nitrogen on yield and com pos ition or Japanese mint (Mel/lha (ll'vellsis 
subsp. haplocalyx vaL piperascens) oil. They found essenli a l oil fromlhe firsl harvesl 
was richer in me lliho l (78.8%) Ihan Ihe oi l oblained from second harvesl (75 .2% 
menlh ol). 

Croleau ( 199 1) rev iewed melaboli sm of monolerpenes in mini (Menlha) spec ies. 
The biosyn lhesis and catabo lism of C3- and C6-oxygenaled p-menlhane monolerpenes. 
eyc li zali on o f geranyl pyroph osph ale 10 Iheir precursor (- )- limonene, Ihe melabo li sm 
of limonenc, the development al regul at ion or monoterpene metabol ism and its potent ial 
role in the derence mechan isms or Mel/lha spec ies are di scussed. Monotcrpenc 
biosy nthes is tend s to occur mainl y in young leaves; whereas catabolic activi ti es 
increase al malU ril y, in para llel wilh o il g land senescence. II is conc luded Ih at for 
commercia l mint oil producti on a dynamic balance between biosynthet ic and catabolic 
processes is essenti al. 

Spencer el al. ( 1990) eva lu aled Ihe producli on of lerpenes by differenl ialed shool 
cultures of Mentha c ilrata transformed with Agrobaclerilllll IUmejaciells T 37. T he 
shoot cultures sy nthes ized a mint oil fraction which cont ai ned the major terpenes 
characteristi c of the paren t pl ant in quanti ti es simi lar to those in intact ti ssue. Oil 
glands were observed 10 be presenl on Ihe leaves of Ihe Iransformed c ui lure. In Ihe 
mint condensate they were I -menthol, menthone and neomenthol (Machale el al. 
1997). 

Essenti al oil glandular trichomes are the speciali zed anatomical and structural 
characteri stic of plants acc umulating sign ificant quantiti es of commerciall y and 
phanllaceul icali y valuable essenli al o il lerpenoicis. The developmenlal dynam ics o f 
these structures together w ith the oi l secretory process and mechani sms have a direct 
bearing on the secondary metaboli te prod ucti on, sequestration, and hold ing potential 
of Ihe producer syslems. The essenlia l o il g land Irichomes o f me nlhol minl leaf have 
been stereologicall y ana lyzed to discern their anatom ica l archetype vis-ii-vis volat ile 
oil secreli on and sequeslral ion as inlegraled in Ihe overali leaf on logeny. CUli cular 
'dehiscence' or decapping, leading 10 co ll apsing of Ihe pe liale Irichomes was a nOlablc 
eharacleri sli c o f Ihe menlhol mini oil g lands. Ecophysio log ica l, evoluli o nary, 
pl1-ytophanlli ng and biolechnologica l connolalions of Ihe novel phe nomenon have 
been hypolhes ized (Sharma el (/1. 2003 ). 

Ozel and Ozguven (2002) conciucled fi e ld ex perimenls 10 delermine Ihe e ffeci of 
different planting dates on the essent ial oil components of different mint va ri eties 
(Mentha arvensis va l'. piperascells, M. piperita cuit ivars M itcham, Eski sehir, and 
Prilubskaja). The mini oil componellls, i.e ., a-pine ne (0.49- 1.00%), l3-pine ne ( 1.38-
2. 12%), 1,8-cineole (eucalyplol) (2.64- 10.85%), menlhone, menlhofuran (28.09-
49.52%), menlhol (22.55- 38.89%), pu legone (0.00- 1.32%), mellihyl acelate (0.46-
6.78%), and l3-caryophyliene (0.54- 2.84%), were delermined. The resulis indicaled 
that the essential oil components were affected by plant ing date, mint cuiti va r, and 
cutting numbers. T he highest menthol rati o was obtained from M. arvensis va l'. 
piperascens (33.50- 38.89%) fro m second CUlling and aulumn lransplailling. Freral el 
al. (2002) reported a new p-mellihane laclone from Melllha piperita L 3,6-d ime lhyl-
4,5 ,6,7 -lei ra h yd ro-benzo(b)-fu ran-2(3 H)-one (M en I ho furo I aClone) 
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Nutmeg 
D ried nutmeg and mace are llsed as spices and also for ex tracting oi l and oleoresin s. 
Mall avarapu and Ramesh (1998) indi cated the nutmeg o il composition as follows: a 
thuj ene (2.2%), a -pinene (13.6%), camphene (0. 3%), sabi nene (32. 1 %), ~-pinene 
( 12.9%), myreene (2.2%), o-3-ea.·ene (0.8 %), a -phe llandrene (0.7%), a-terpinene 
(2.2%), p-cyme ne (0.7%), limonene (4.0%), I ,8-c ineole + ~-phe ll andrene (2.3%), y
terpinene (3.9%), trans-sabinene hydrate (0.5 %), terpinolene (1.2%), lina lool (0.8%) , 
c is-p-menth-2-en- 1 -01 (0.4%), trans-p-menth-2-en- l-ol (0. 3%), terpi ne n-4-01 (7.2%), 
a -te rpineol (0.8%), safrole (2.8%), eugenol (0.4%), methyl eugenol ( 1.6%), ~-cubebene 
(0.1 %), B-earyophyll ene (0.2%), trans-a- bergamotene (0.1 %), (E)- methyl isoeugenol 
(0.2%), germaerene 0 (0.1 %), myri stie in (2.6%) and e lemi ein (2.4%) . 

Lawrence (2000) compared the oil composition from various sources slIch as the 
West Indian Ilutmeg oi ls, fresh and dried nutmeg peri carp oil and mace oi l using 
different Ge stati onary phases. Gopalakri shnan ( 1992) studied the chemical composition 
of nutmeg and mace oil. B-pinene and sabinene dominated in both the oil s (Table 
11.16). Maya ef al. (2004) reported myri sticin as hi gh as 45 % in Indian nutmeg oi l 
and 36.6% in Indi an mace oil. Mallavarapu and Ramesh ( 1998) reported nutmeg oil 
having 76.8% monoterpenes, 12.1 % oxygenated monoterpenes and 9 .8% phenyl 
propanoid ether. They al so reported mace oil with 5 1.2% monoterpenes, 30.3% 
oxygenated monoterpenes and 18.8% phenyl propanoid ether. T heir study indicated 
that in quality, Indian nutmeg oil s are intermediate between East Indian and West 
Indian oil s. 

Eh lers ef al. ( 1998) using HPLe analyzed nutmeg and mace oi ls produ ced by 
supercrilicai CO2 extraction and compared it with steam di stilled oil s and also with 
oils of East Indian, West Indian and Papuan ori gin . Myristicin in nutmeg oil of East 
Indies ranged from 17 .5- 25. 9% and West Indi es 2.8- 3.7%. Mace oil of whole blades 
from East Indi es contain myristic in 19.1 - 24 .6%, West Indies 4.4- 9.1 % and that of 
Papua 1.1 - 1.4%. Oil y ield from raw material was hi gh in the supercritica l extraction. 
Myri stic in , the hallucinogenic principle of nutmeg oil , was hi gh in the steam distilled 
oil. Safrole content in the nutmeg and mace oil of the East Indies ranged from 2.5-
3.7% while safrole was very high in the mace oil from Papua (20.5- 30.7%). Elemi cin 
was high in the West Indies (3.9- 10.1 %) and Papua oil s (2 .1 - 3.0) compared to East 
Indian oil (nutmeg: 0. 5- 1.5%, mace 0.4- 0.7 %). 

Rosemary 
Rosemaritls officil1alis is an aromatic-pl ant , widGly used in the pharmaceutical, perfumery 
and food indu stries . Steam di stillation of the fresh leaves and flowerin g tops yield 1-
2% oil (Boutekedjiret ef al. 1997). The main constituents of rosemary oil are a
pinene, camphor, cineole, borneol and bornyl acetate. Wide variability occ urs in the 
chemical composit ion of rosemary oil of different countries (A rnold ef al. 1997, 
Dellacassa ef al. 1999, Fournier ef al. 1989, Lawrence 1995). Mainly there are two 
types of rosemary oil in trade, Tuni sian and Moroccan , having 1,8 cineole (38- 55%) 
and Spani sh with camphor ( 12.5- 22.0%) and cineole ( 17- 25%) (Arnold ef al. 1997, 
Mallavarapu 2000). The leaves of rosemary grown in the Kumaon hill s of Uttaranchal 
contained 0.25- 0.52% volatile oil on fresh weight basis (Kum ar ef al. 2004). The 
chief components of oil were a -pinene ( 14.90%), 1,8-cineole ( 17.50%), camphor 
( 12.7%), borneol (5.50%) and verbenone ( 11.00%) (Table 11.1 7). 

Studies conducted to determine the etfect of different temperatures during the 
drying process on the amount and quality of essenti al oil s of rosemary (Ros111arillllS 
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Table 11.16 Composi tion of nutmeg and mace oil 

Compound Composi tion 

a -Pinene 
I3-Pinenc + Sabinene 
a -Phellandrene 
6 3-Carene 
a -Terp inenc + P-Cymene 
I ,8-Cineolc + Limonene 
I3-Phellandrenc 
y-Tcrpincne 
Linalool + Terpinolcllc 
p-Terpineol 
Borneol (tentative) 
Terpi nen-4-o1 
a-Terpineol + Piperitol 
Geraniol 
Safrole + p-Cymene-8-o1 
Bornyl acetate 
Methyl eugenol 
Eugcnol + terpenyl acetatc 
Genlllyl acetate + a -Copaene 
Isoeugenol (cis) 
I3-Caryophyllenc + isocllgenol (/rcIllS) 
a -I-Iumulenc 
o-Cadinenc 
M yristicin 
Elcmicin 
Myri stic acid 
Trimyristin 

Source: Gopalakrishnall ( 1992) . 

-------------------
Nutmeg oi l 

14.72 
62.66 

3.06 
0.60 
1.08 
6.18 
1.08 
0.54 
0.48 
0.25 
0.05 
1.85 
0.36 
0.02 
0.53 
0.07 
0.14 
0. 22 
0.29 
0.3 1 
0.07 
0.02 
0.08 
3.28 
1.38 
O.Ot 
0.06 

Mace oi l 

15.24 
45.52 

3.17 
0.67 
3.53 
6.97 
2.80 
1.83 
0.42 
0.32 
0.16 
4.59 
0.94 
0.22 
0.67 
0.09 
0.22 
0.1 5 
0.16 
0.45 
0.07 
0.03 
0.1 5 
5.92 
3. t4 
0.01 
0.05 

officinal is) indicated that hi gher drying temperature decreased the essential o il content 
(% v/w) from 2.13 (40 ee) to 1.62 (60 ee) and 1.09% (80 ee). Essential o il composition 
was similar, except for camphor at 40 °C and 60 °e. However, concentrations of 
alpha-pinene, beta-myrcene and camphor were decreased at 40 °C and 80 °e (B lanco 

ef al. 2002). 
==--'I'llcker and Maciarello ( 1986) reported a -pinene, camphe ne, I ,8-cineole, camphor. 

bornyl acetate and borneol as the major compounds in five varieti es of rosemary oil. 
Rosemary oil from Argentina contained 20 components of which the .majo~· ones 
were a-pine ne, myrcene, I ,8-cineole, camphor and ~-caryophy ll ene (Ml zaahl ef al. 
1991 ). Lawrence (1995) reported that rosemary oil from Spain and Portugal cont a111ed 
30- 50% oxygenated monoterpenes where as the oi ls of Moroccan, Tuni sian and 

Yugoslavian ori gin contained 70- 80% oxygenated monolerpenes. 
Rao ef al. ( 1998) compared the oil loss in rosemary leaves by convection and 

microwave drying methods. The loss of volatile oil was less (7.25 %) during convection 
drying while microwave drying led to a loss of 61.45 %. The volatile o il of fresh 
rosemary contained mostly monoterpenes and their deri vat ives (95- 98%) . The major 
components of rosemary leaf oil were camphor (23 .9- 34.0%) and I ,8-ci neole ( 15.5-
29.8%). 

Boutekedjiret ef al. (2003) re ported that oil yield from the hydrodi stilled herbage 
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THbic 11.1 7 Vola til es from rosemary 

Compollnd % Composition 

(X-Pinene 
Camphene 
p-Pincnc 
Myrcenc 
6.-3-Carc nc 
LimOllcl1 c 
p-Cyrncnc 
l ,8-Ci I1colc 
y-Tcrpincnc 
Tcrpinolenc 
Linalool 
Cn rnpl10r 
Isoborncol 
Borneol 
Dihydrocnrveol 
Vcrbenonc 
Linaryl acetate 
Bornyl acelate 
p-Caryophyllene 
a-I-lulllulene 
Met hyl isocugenol 
'/i-alls -p- fa rne ~cne 
y-Mllurolcnc 
O-O-lndincnc 
P-Scsquiphyllandrcnc 
Carophyllene ox ide 
Humulcnc epox ide 
a -Bisabolol 
Unidentified 

Source: KUllla r el (II. (2004). 

5.5- 26.0 
1.5- 13.0 
2.60 
1.50 
2.30 
2.80 
1.80 
9.4- 55.0 
1.30 
0.50 
0. 5-4.9 
5.0-26.4 
0.30 
1.1 - 5.5 
0. 13 
0.0- 14. 1 
1.40 
1.90 
1.40 
1.20 
0.50 
0.40 
0.30 
1.20 
1.30 
0.60 
0.06 
0.78 
1.93 

was lower (0.44%) Ihan lhal of sleam dislill ed herbage ( 1.2%). The slea m di slill ed o il 
cOlllallled 52.4% 1,8-cineole where as Ihe hydrodi slilled o il conla ined much less 
(3 1.9%) c ineole. The conlenls of camphor (19. 7%), borneol ( 12. 1 %) and u -Ierpineol 
( 12.8 %) were hig her in hydrodi slilled oil compared 10 Ihe Sleam d islilled o il. 

Spearmilll 

Ts uneya el al. ( 1998) s iudied acid ic componenls in Scolch spearminl oi l (M elllha 
graCI lis Sole) and 46 aCidi c componellis (i ncluding 35 carboxyli c ac ids and II phenols) 
were Idenllfl ed . Three carboxyli c ac ids peculi ar 10 M. gracilis were idelllifi ed from 
speCII'al dala : c is-2-pellly lcyclopropane- I-carboxyl ic ac id , 3- isopropenyl penlane- I ,5-
dlol c aCid a nd 3- lsopropenyl -6-oxoheplanoi c ac id . 

. Plmin el al. ( 1994) studied equilibrium di striblilions o f key cOlllponents of spearmint 
o t! ~n sub/superc l'ltl cal carbon diox ide. Effects of temperature (a t 35 °C , 45 °C or 
55 C) and pressure ( 10- 110 aim) on the re lmi ve di stribution coeffi c ients o f 12 key 
components (6 mo no terpenes, 3 monolerpenoids and 3 sesquile rpenes) of spearmint 
ot! (essential 01 1 o f M elllha cardiaca (M. g racilis); Scotc h spearmint) at equilibrium 
III d.cnse CO2 were II1vestlgatcci under conditions ranging from subcrit ical to slipercritical 
reg ions. At 35 °C a ll key componenls of spearmint o il were equall y so luble in dense 
CO, wllhlll the 12- 102 aim pressure reg ion . Vapour-pressure effects, coupled with 
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the decrease in solvat ing power, dominated the effects of po larity and molecular 
mass of the key components. The qualit y of essential oi ls decreased with increas in g 
fracti on of mOllolerpenes, and it is concluded that deterpenation of spearmint oil w ith 
dense CO, is possib le e ither at 45 °C/27 aim o r 55 °C/35 a tm, where Ihe monote rpene 
hydrocarbons tend to concentrate, and can be preferentiall y reco vered. 

Ishihara el al. (1992) reported new pyridine derivat ives and basic component s in 
spearmi nt oi l (Melllha gelllilis f. cardiaca) and peppennilll oi l (Melllha piperita ). 
A tota l of 38 nitrogen-containing components including II new pyridine derivati ves, 
2- i sopropy 1-4 -m et h y I I' Y ri din e, 4 - i so pro pe n y 1-2- me t h y I py ri d in c, 2 -e t h y 1-4 -
i sopropeny I pyri di ne, 2-acet y 1-4-isopropy I pyri d ine, 2,4-d i isopropeny I pyridi ne, 2 -acet y 1-
4- iso propcny lpyridine, 4 -acety l-2- iso prope nylpy ri d in e, 5 -[(Z)- I-buten - l -y l l-2-
pro py I py ri eI inc , 5- [( E)- I -bu te n - I -y 11 -2- propy I py ri d in e , 3- [(Z)- I- but e n- I -Y 11 -4 -
propylpyrieline anel 3-[(E)- I-buten- l-yl]-4-propylpyridine, were ident i fi eel by comparing 
the ir speclroscopi c data with those o f synthetic samp les . A mong them, 2-acely l-4-
isopropenylpyridine was a major component wit h a powerful grassy-sweet and minty 
odou!'. 

Ringer el al. (2005) made a detailed rev iew on mOlloterpene metaboli sm, cloning, 
ex pression and charaClerizati on of (- )-isopiperi tenol/(- )-carveo l de llydrogenase of 
peppermint and s pearmint. They stated Ih at the iso lation o f Ihe genes specify ing 
redox enzy mes of monoterpene biosynthesis in mint indicates that these genes arose 
fro m di ffere nt anceSlOrs anel nOI by s i mple d uplication and differentiation of a commo n 
progenitor, as might have been anticipated based 0 11 the common reaction chemi stry 
and structural similarity of the substrate monoterpenes. T he full - length spearmint 
dehydrogenase shares >99% amino ac iel identity w ilh its peppermint ho molog anel 
both dehydrogenases are capable of uti liz ing (- )-Iralls- isopiperileno l anel (- )-Iralls
carveo!. These isopiperitenol/carveo l dehydrogenases are members of the short -chain 
dehydrogenase/reeluc lase s uperfamil y anel are re lateel to other p lant short-chain 
dehydrogenasesireductases in volved in secondary metabo li sm (ii g nan biosy nthes is), 
stress respon ses, and ph ytos teroid biosy nthe s is, but th ey are quite di ss imi lar 
(approx imately 13% identity) to the mo noterpene reduclases of mint in volved in 
(- )-mentho l biosynthesis. 

T he undesirable top notes or off-notes found in mint , clary sage, and cedarwood 
oil s co uld be qualllilati vely de termin ed us ing a no n-equilibrated so lid phase 
microex tracti on/gas chromatography/selected ion monitoring/mass spectrometry 
(SPMElGClS IM-MS) technique. Using the low tllresho ld components, dimethyl sulfide, 
k lllelllyJpropaoaJ. 2-L11e thylbul anal , and 3- methyIQul anal, which are associa teel wi lh 
the off-notes of these oi ls, their leve ls could be quantitali vely de termined. The hi ghest 
level of o ff-notes was found in a sampl e of Scolc h spearmint o il where Ihc le vels o f 
the four constituents were, eli met hyl sulfiele (238 ~t g g- ') , 2-methylpropana l (286 ~t g 
g- I), 2-methylbUianal ( 1048 ~tg g- I) anel 3-methylbutan al ( 1489 Il g g- ' ). T hese 
quuntitati ve results in combination with sensory evaluation s cou ld prov ide for a 
powerful overall assessme nt of essenti al oi l qualit y (Coleman el al. 2004). 

A study was conducted to idelllify Ihe fra grance co mpounds of M elllha spic{{f(f o il 
from Cameroon and its so lid-phase mi crocxtrac tion (SPME)-headspace by means o f 
gas Chromatograph spectroscopy (GC and GC-MS) and o lfactori c method s (GC
sniffing lechnique and olfac tory corre lat io ns) to delermine Ihe importance of each 
single constituent with their specifi c odour attributes. The odour impression was very 
pleasant in spearm int, with g reen, fl ora l, fruit y, and sp icy side notes. The composition 
of the spearmint essential oi l and its corresponding SPM E-headspace sample was 
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very .s imi lar and el i rf~rcd ?nly in the concentrations of the main compollnds, namely, 
(- )-III11one ne (essenll a l 01 1: 6 .55 %, SPM E: 8.3 1 %), I ,S-cineole (4. 19%, 7. 12%) and 
Iral/s - l -hexen-3-01 (0. 66%, 1.72%). In addit ion to the compositi on of both samp les, 
the o lfactory eva luations certify a high qua lity of the essenti al oi l and its possib le use 
III I'ood, perl ulllcry, and cosmetic products req uiring a fresh-spearmint odour (Ji rovetz 
el al. 2002) . 

. The n~ajo r ChCI?l ical constituents of the hydrodisti ll ed essentia l oil and their major 
ISo lates from cult ivated M. spicala was ident ified by IR, 'H_ and 13C_NMR and Gc. 
(S)-(- H imonene (27.3 %) and (S)-(- )-carvone (5 6.6%) (representing 83.9% of the 
speanlllnt o il ) and (R)-( + )-lim onene (2 1.4%), d ihydrocarvone (5.0%), (R)-( + )-carvone 
(5.0.4%) and di ll apio le ( 17.7%), respectively. 111 vilro biolog ical activity eva lu ation 
of the Iso lated oil components revealed that both the optical isomers of cm'vone were 
aC li v~ agai nst a wide spectrulll of human pathogenic fungi and bacteria tested. CR)
(+)-LIl11onene showed comparable bioacti vity profi le over the (S)-(- )-isomer. The 
actl vlty ?f li?cse n~onol erpene enant iomers was fou nd to be comparable to the bioactivity 
of the oils In whi ch they occurred (Aggarwal el al. 2002). 

Thyme 

The v?latile o.il of Egypt ian T. vulgaris was richer in linalool and terpene hydrocarbons. 
The od conta1l1ed thymol and carvacro l in onl y moderate concent ra ti ons. The highest 
thymol and carv~cro l concent ra ti ons were observed during the beginning of nowering 
(Karawya and Hl fnawy 1974). Com mercial samples of Eth iopian thyme (T. sc" imperi) 
conta llled carvacro l and thymol (Lemordant 19S6). 

Oszagyan el al. ( 1996) compared the composition of steam distill ed and SFE oi Is. 
S FE product contained 10- 15% thymo l and 30- 35% carvacrol while steam distill ed 
o il cont aincd 4S- 50% thymol and 8- 10% carvacro l. C uban thyme oil conta ined 
thymol (34.6%), y-terpine ne ( 17 .6 1 %) and p-cymene ( 17.65%) as major components 
(PIIlO el al. 1997). Fresh plant materi a l from Bul gari an thyme (T. vlligaris ) yielded 
0.46% essenti al o il (Stoe va el al. 200 1). 
_. Studi es on the effect of harves t time on yield and oil compositi on of thyme 

(7. 1II01/g 0ltClIS) IIld ,cated that the best ti me of harves t for the hi ghest o il y ie ld and 
11Igh thymol and carvacrol content was during or immedia te ly after the full bloom 
(Fan-ming and Chen ~Jin 2002) . As ll ani and Toska (2003) eva luated Albani an thyme 
o il s, which were domlllated by p-cy mene (7.76-43 .75%), y-terpinene (4. 20- 27 .62%), 
thymol (2I.3S- 60. 15%) carvacrol ( 1.1 5- 3.04%) and ~-ca ryophy ll ene ( 1.30- 3.07). 
Thyme (T. pulegioides) g rowi ng wild in Lithuania contained fiYe chemotypes (i)--.- f 
hnalool type, (II ) gerama l!geraniolineral type, (iii ) thymol type, (iv) carvacroliy
terplllene!p-cy mene type and (v) thymolicarvacrolip-cyme!y-terpi nene type (Loziene 
el al. 2003). 

T he constituents of essenti al oil s iso lated by hydrod istill a ti on of aerial parts of 
Sailireja IlOrlellsls, used as thyme in Turkey recorded a -terpinene (2.34 and 2.66%), 
p-cymene (2 1.S2 and 14 .64%), y-terpin ene ( 18.92 and 23 .09%) and ~-caryopyll ene 
(3 .75 and 4. 56%), as the ma lll components (Ozcan and Chalchat 2004). Commercial 
essenti al o il s of thyme from differe nt geographical areas of Italy and France were 
n ch 111 thymol (22-:38%) and its biogenetic prec ursors, namely, y-terpinene and p_ 
cymene (Zambone lh el al. 2004). The main constituents of the hydro-distilled essenti al 
o il fro m the herb of lemon thyme (ThYlllus cilriodorus L.) cul tiva ted in Iran were 
gerani ol (54.4%), gerani al ( 13.9%), neral ( 10. 1 %), nerol (5.2%), 3-octanone (3.3%) 
and borneol (3 .2%) (Omi dbaigi el al. 2005). 
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TU rl l1eric 
Volatile oils are ex tracted from rh izomes and leaves of turmeri c. The chemical 
composition of volat iles from various parts of turmeric has been invest i gat e~1 ex te n ~ i ~e l y. 
The oil yield and composition show wide variat ion depending on geographic c~nd l t l on s, 
variety, agronom ic practices, maturity at harvest and post-harvest p rocess ~ ng . G~
MS analysis of the oil indicated the presence of as many as 84 COJl1 pO~l e nt s 111 the 011 
in varying levels. Volatile oil content in turmeric rhi zomes ranged ITom 1.3- 5.5% 
(Guenther 196 1 b). The chief constituents of rhizome oi l were turmerone, ar- t un~lerone 

and tunnerol (Govindarajan 1980). The rhizome oil con tained limonene, cmeole, 
curCUlllene, zingiberene, bisabo lene, ~ -phe l l an drene, ar- turlllerone and tllnn~roll e 
(Gopa\am and Ratnambal, 1987). The rhizome oil of Indonesian origin was constituted 
by Ihe fo ll ow ing compounds: ar-turmerone (4 1.4%), turmcrone (29.5%), turmerol 
( 10%) and a -atl anlO ne (2.4%) (Zwaving and Bos, 1992). . . . . 

Nigam and Ahmad ( 199 1) reported 59.7 % ar-turmerone m the rillZome Oi l. The 01 1 
from Mal ays ian rhizomes was domin aled by a -Iurmerone (45.3 %), li nalool ( 14.9 %) 
and ~ - I llrlne rone ( 13.5%) (Ibrahim el al. 1999) . Amon g SIX tu rmellc c ultl vars g rown 
in Maharashtra namely, Rajapuri, Krishna, M ydukur, Salem, Teku rpetta and Armoor, 
the highest essenti al oi l contents were recorded in mother rh izomes of M y~ukur and 
fi ngers of Salem (Rakhunde el al. 1998). Garg el al. ( 1999) reported thai od conlenl 
in the rh izomes of 27 accessions from North Indian Plain s varied between 0. 16% and 
1.94% on frcsh weight bas is . Based on the contents o f ~- pi nene , p-cymene: a 
curcumene, ~ -c ll rcumene , ar-tunncrone, a -turmerone and ~-turmerone the access l ~n s 
were classified into two groups: (i) those in which the sum of the seven major 
terpenes was in the range 58-79%, (ii) those in which the SLIm was 10- 22%. The 
rhi zome oil from Bhutan was consti tuted by 30- 32% (l- tllnnerone, 17-26% ar-lurlnerone 
and 15- 18% B-lu ll11crone (Sharma el al. 1997) . 

GopaJan el at. (2000) noti ced that during supercritica l carbon dioxide ex traction, 
the so lubi li ty of turmeric oi l was maximum at 3 13- 333 K and _20-40 MPa and about 
60% of the oi I was composed of turmerone and ar-turlllerone. Fresh rhizome OI l fr~11l 
Pak istan was abundant in ar-tLirmeronc (3 1.1-4 1.2%) and turmerone (9- 11. 1 %) (Rlaz 
el 01. 2000). Iron deficiency signifi cantl y inc reased Ihe essenli al o il and curcumin 
contents in turmeric rhizomes (Di xil el al. 1999). 

C hatterjee el 01. (2000) reported that no delec table differences were observed in 
the aroma impact compoun~l s of y-irradiate.d and c.ommerc l.~ 1 v~ l atli c ol.ls. The rhl zo~ne 
oil of C. 10 11 go cv. Roma irom Nort h Inchan Plams was IIch 111 1,8-c meo le ( I 1. 2 Yo ), 
a -tunn e ron e ( 11 . 1 %)< ~-c a ryo p h y ll e ne (9.S %), ar-ILir me ro ne (7. 3%) and B
sesqui phellancirene (7.1 %) (Raina el al. 2002). The rhizome essenli al o ils of C. IOllga 
cv Rom a grown in Indo-Gangeti c plains werc rich in (1. - and ~ - turmerones (40.8%), 
mycrene ( 12. 6%), I ,S-c incole (7 .7%) and p-cymene (3 .8%) (Bansa l el al. 2002). The 
tu rmeric o il s fro m Cali cut (South India) was domin ated by ar-turmerone (3 1.1 %), 
turmerone ( 10.0%), curlone ( 10.6%), ar-curcumene (6. 3%), p-cymene (3.0%), B
sesquiphell and rene (2 .6%), ~- phe ll a ndrene (2.4%) and dehydrocurcumene (2.2%) . 
The rOOI o il also contai ncd ar-turmerone (46.8%) as the ch ief component follo wed by 
ar-curcumene (7 .0%), dehydrocurcumene (4.3 %) and p-cymene (3.3%) (Leela el al. 
2002) . The rhi zomes fro l11 Rcun ion Island yie lded 1.1 % oil , whi ch conta ined ar
turmerone (2 1.4%), terpinolene ( 15.8%), zingiberene ( 11.8%), ar-tullnerol (7.7 %), 
~- turl11e rone (7 . 1%), sesqui phell and re ne (8.8%) and ~ -caryoph y Ilene (5.7 %) as major 
compounds (Chane-M ing el al. 2002) (Table 11 . 18). 

The essential oil from Cuban rhizomes was reported to contain 47.7 % ar-tu rlnerone 
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Table 11.18 Chemical composition (%) of essenti al o il s of rJ '. . , . 
tonga L. from Reunioll Island (HP-5 column) , . ll zomc. /c,lves and nowers 01 Cllrcilma 

Compounds 

TricycJcnc 
(X-Pinene 
a-FenchCllc 
Sabinine 
!l-Pincnc 
Myrccnc 
o-2-Carene 
a-Phell andrene 
o-3-Carcnc 
a-Tcrpincnc 
p-Cy rncnc 
Lilllonenc 
I ,S-Cineo le 
(Z)- f3 -0 cimc nc 
(E)- fJ -Ocimenc 
y-Terpincnc 
p-Cyrnencne 
Tcrpi no lene 
Li nalool 
p-Mcnth a- I ,3,8- lri cnc 
p-Cymen-7-o l 
Terpine n-4-o l 
p-Cymcn-8-OI 
a -Terpineol 
2-Undecallol1 c 
GeranyJ acetate 
Cis-a-bergamolene 
!l-Caryophyllene 
a - Hul11u lene 
(E)- fJ -Farncsene 
ar-CurcuJllcnc 
Zing ibcrcll c 
p-Bisabo lcnc 
fJ -Sesq II iphell and rene 
(E)-y-B isabolcnc 
(E) -Nero lidol 
ar-Turmcrol 
a r-Dehydro~ tllrll1 croll c 
a r~TlI r lll c roll e 
(FTurm-e~ 

p-Turmcro ne 
(Z)~y~A II <t n t o ll e 
Germacronc 
C urcll pheno l 

Sou rce: Chane- Ming e l (I/. (2002). 

Rhi zomes 

0.2 

0.3 

1.0 
0. 3 
1.4 
0.6 

2.0 

0.4 
15.8 

0. 2 

0.3 
5.7 
1.4 
0.6 
4.5 

11.8 
1.9 
8.8 
0.7 
0.2 
0.3 
0.6 
7.7 

2 1.4 
7.1 

0.2 

Leaves 

0. 1 
0.7 
0. 1 
0.1 
0.7 
1.4 
0. 1 
2.8 
1.2 
3.7 
0.3 

4.6 
0.4 
0.7 
0.4 

76. 8 
0. 7 
0.2 

0.2 
0. 3 

0.1 

0. 1 
0. 1 
1.0 
0.1 
0.4 

0. 1 

0. 1 
0. 1 

Flowers 

0. 1 

0.8 
0.1 
0.6 
2. 1 
0. 2 
3.6 
1. 7 
4.4 
0.4 
0.4 
4.6 
0.8 
1. 8 
0.8 

67.4 
0 .5 
0.3 
0.2 

0.3 
0.3 
0.2 
0.1 

0.2 

0. 1 
0. 1 
1.3 
0.2 
0.5 

0.2 

and 16. 1 % turmerone as major compoll nd (P' " . . 
from Gorakhpur reg ion (No .tl [ I' s 1110 el 01. 2003). Turmeri C rhi zomes 

I 1 Il( ta) was reported to cont · · I 6 0/ '1 I a r~ t urmero l P bisabole d"b d ill . 10 0 1 all( at'-Iurmerone, 
[' I . :1 -, ne an zmgl erene as chi ef co mponents (S ing h el 01 2003) 
, lI zome 01 ex trac ted by tl I" I I · '· . . 

CLl rCU lllene al'-tlll'lnel'011e _. le 'b
sO 

Ie p lase Inlcroex lract lon method contained ar-
, , , zmg l erene ~-sesq u ip I1 ' 11 d' b' . and I 4 Ie " I ' ' jJ e a ll I ene, sa lIleI1e I 8-cllleole 

, ,- Ipll1eO as major componen ts (Mala el 01.2004). T he rhi zome oii of Curcumo 
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10l1ga from the lower Himalayan regio n was rich in (X-lurtnerone (44.1 %), B-tlll'merone 
( IS.5%) and ar-turlnero ne (5.4%) (Ra in a el 01.2005). 

T he leaves of turmeric yield 0.37- 2.5% volatile oi l. The leaf oi l from Nigeria 
contained mainl y monote rpenes with 47.7% (X-phe llandrene and 28.9 % te rpin o lenc 
(Ogun ti mein el 01. 1990). The leaf o il from Kera la (Sout h Indi a) was dom in ated by 
56.7% a -phell andrcne and 11.8% tep ino lene (McCarron el 01. 1995). The leaf o il of 
Viet nam ori gin conta ined 2.5% oi l (dry weight basis) and was dominated by the 
monoterpenes, a-phell andrene (24.5%), I ,8-eineo le ( 15.9%), p-ey mene ( 13 .2%) and 
p-p ine ne (8.9%) (D ung el 01.1995). The lea f o il from Bhutan was do minated by a 
phell andrene ( 18.2%), 1,8-c ineo le (14.6%) and p-eymene (1 3.3%) (S harma el 01. 
1997). The turmeric leaves fro m South India yie lded 1.3% vo latile o il. T he oi l was 
dominated by a -phellandrene (32.6%), te rpinol ene (26.0%), I ,8-e ineo le (6.5%) and 
p-cy meme (5. 9%) (Leela el 01.2002) . The lea f pe tiol e and lam ina oi ls of C. 10llga cv. 
Roma were rich in myrcene (35 .9%), I,S-eineole ( 12. 1 %) and p-ey mene ( 12.7%) 
(Bansa l el 01.2002). C. 10llga leaf o il from North Indian Plains was main ly conslituted 
by p-cy mene (25.4%) I,S c ineo le ( 18%), c is-sabino l (7.4%) and p-pinene (6.3%) 
(Garg el 01. 2002) . 

The leaf o il of C. 10llga cv. Roma co nta ined terp ino le ne (26.4%) I,S-c ineole 
(9.5%), a -phell andrene (8 %) and terpinene-4-01 (7.4%) as ch ief co nstituents (Raina 
el 01. 2002) . T he leaf oi l o f C. 1011 go val' Rasm i from O rissa was re ported to contain 
a-phe ll andrene (3S.24%), C-S aldehyde (20.58%), 1,8-c ineo le (8.64%), a -pinene 
(2.88 %) and p-pi nene (2.36%) as chi ef consti tuents (Behura el 01. 2002). T he fresh 
leaves of Bhutan origin contained 0. 37% to 0.42% oil and the main constituents were 
a-phell andrene ( IS.2 %), I ,8-cineo le ( 14.6%) and p-cy mene ( 13.3%) and terp ino lenc 
( 11.6%) (Sharma el 01. 1997). The leaves of turmeric from Re union Is land yie lded 
0.5 % volat ile o il. The major con sti tuent in the leaf oi l was te rp ino lene and it differs 
from the oi ls of other orig ins in its high leve l of te rp ino le ne (76.S%) and its small 
amount of phell and rene (2.S%) (Chane-M ing el al. 2002) (Table 11. 18). The Icaf oi I 
of turmeric fro lll the lower Hima layan reg ion contai ned a -phe lland rene (53.4%), 
terpino lene ( 11 .5% ) and I ,8-c ineo le ( 10.5 %) as major consti tue nts (Ra ina el 01. 2005). 

Freshly harves ted fl owers of turmeric from South Ind ia y ielded 0. 3% volati le oi l. 
Twenty-five compone nts cont ributing to 52% of the o il were identified alllong which 
p-cymen-8-01 (26%), te rpinolene (7.4%) and 1,8-cineole (4 . 1%) were the maj or 
componen ts (Leela el 01. 2002) . T he fl owers of C. 10llga fro m Reuni on island co ntained 
0. 1% vola ti le oil and the o il was domi nated by te rp ino lene (67.4%), I,S-cineol e 
(4.6%), a -terpi nene (4.4%), a -phelland rene (3 .6%) and myrcene (2. 1 %) (Chane
Mi ng el al. 2002) (Tobie II. IS). 
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