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l\!akuse Production and Ouahiv Of frusen-

laai Qils of Pepoer

Ginger, Turmeric,

Cardc.nmm and Tree Spices

!
Essential oils tre defined as the vol.llllc Oils

obtained by sicam or hydio distillation cont-
aining varicty of organic compounds pener
lly belonging - to class of aeycelie, isocycelic
hydrocarbous, (ri-und
their

-I'-

sesquiterpenoids and
oxygendated devivalives, distinet
groups: o compounds associated with essen-
tinl ofls are terpenes reluted to
isopentenc; straight  chain compousds not
centaining any side br.mcllcs

vittives and  (heir analogues

Four
isoprenc or

benzene deii-
and miscellanc-
ous compounds containing sulphur and mitio-
gen (Guenther, 1972). - The niain
ducts which are oiten referjed

spice pro-
to the quality
of spices are the oleoresin and cssential ails,

the former coutiining  essential oil mocity

~also along with han-vohitile resinous miniter
" (Sunkury Kutty et al., 195 12).

Nature of chemi-
cal compounds in essentinl il

nilrogen

viry from
4

and - sulphivc contitining momatic
allyl isothiocyanate in gulic:
derivatives of benzene e. g, myristicin in nut-
meg oil; lerpencs c.g. a-pinence in pepper ol
wihd the oxypenated detivatives of lerpenoids
e.g. citronctol in the eytronedla grass, Terpene
compounds are more reluted to the

flavour notes” of essentinl  oils. Depending

‘l)'[‘l‘ﬂ of coltinns and

T. John Zachagia and A. Gopalam

upon the number of jsoprene wnits {5 citthen
chain compoundy) are
di, tri nnd

prone units e

these
tetrn

tlesipnated

in

mono, terpenes, I 1he ivo-

more than 8 they e catlord

polyteipenes, Idleiem terpenoid compuntls,
their oygamic nomenclatwe, the plnt souree

il the number of fsoprene units i eael clies

ol compomnds e presented in talle . All
the essential oils conitin terpenes and  theiy
exveenated derivatives,  Flucidition o e

sttachne of an unknown  essentinl oil o the
chemicil composition ol eeential
existine

oils of the

spives, 18 conn dicated,  Tloweve
| )

the chemical composition of any  eunentind oil
is invaihly accomplished by G cliogoano-
paphy. Dillerent worliers waed diflegent

pas. cluonetopaphic

condditions for chemical conpostion siudies

Rasada (1976) has (nlpimt docopillny plag
colmus with nuthentic siinples nd sl d
mintore, el sigdjed o viniety ol essentinl oil

containing species,

Bn dillerent spices the essential ol bearing
pavt vindes and s cconomically moe AP o-
priate to wse that particular plat purt contai-

ning msinveo essginting uil contemt. fhe

Central Plyntation Crops Rescarch Institute Repional Station, Cdlxcul 673 Ul

I\u ll.l
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important majos spices grown in India with
their botanical and common names and the
plant paris used for volutile oil extraction are
presented in {able 2.

SThe data gencrally concerning the essentinl ‘

- oil composition and jts relutionship to {lavour
quality of spices is restricted. The Havour
quality is due to complex nature of tri and
sesqui terpenoids and their oxypenaled deriv-

vidives,  ‘Flic role played by aromaticity of

T John Zachwrin & A. (in]):nl:mf

note o the spice oils. “The jHectsory natuge
ol hydioxy  methoxy  and methylene dioxy
proups connected o propyl side
benzene conttibute 1o aroma prolile of Lpices
(Guenther 1972). The number of compatnds
that” underpo  tansformational chianpes from
simple chemical reaction (o comples muftiple
degradation, isomerisation sond palymerisation
give rise to Havourfnp principles, The follow-
ing are the cxamples of each type ol reaction
HEELFHI M| of esientinl

involved in carichment

benzene and ity analopues add to the lavour ol
(1) Isomerisation
()
CH . A1 7
He” e CH: " el
ol ¥ Isomneric_, 1 o
N CH, ©oxidation *:;\[ﬂ -

0CH-,

(b) Tolymerisation
n(cinnnm:lldchy(]c) (thin, lipht fluid -
melow, pleasant and desirable
Hlavour netes) '

10 ¢ s

(Cinmmmalde fryel o
Thick viseous liquid

F'olvierisation

with ofl” pates,

(¢} Specific chemical reaction involving synthesis of elemical compoinds

N

.

~ o . J
’ "——-!;J__(i—l_fil_g_oiﬂi 17 P A
Pinene T = - [ }
‘ e
._-(—:-‘-6-(—(\“(5 . gt
“ . Limonene
®
c \/ ’

Citral

chutn of

N A —

.
s
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Besides the chemical -reactions suggested, the
s‘c_cr‘cl-i-on products in . metabolic  processes
in vivo add to the flavour of esscutial oils and
cause complexity to- chemicul compusition ol
yolatile oils. Hence it is difficult to attribute
the nature of flavour to- a single or a group of
clicmical compounds. It may be
that flavour quality of “essential oils is cumul-
alive cilfect of chemical reactions, metabolic
procésses “and degradative changes with and

without oxidation.

inferred

The sclection of the phant part for cxtiaction
of cssential oils is Lased on -the location of
the cells in which the oil is deposited. Speci-
fic staining procedures to  diflerentiate the

volatile oil cells from fatty oils is advanta-’

geous for the above purpose.  Sudan blue and
osmic acid stain those cells which arc chemi-
cally more active than the unsaturated hydro-
carbans and alcohols. Phloroglucinel hydro-
chloride stains phenols and  fuchsin indicating
the presence of aldehydes.
located in belween cuticle and
cell wall (Nurayasnan et al, 1985). In pepper
berries the cssential oil has been located in
the inner portion of the skin (Mangalakuman
and Mathew, 1950).

rest of the

I'or cilcetive  ¢essentinl ol the
material is packed ina stifl and brought to
boil.” Duc to influence o hot water and
steaun the essential eil is ficed from oil phinds

in the plant

production
the
tissue.  ‘The vapours cmerging
out of the powdered spice material are conde-
nsed by external conling usually with cold
waler.. In, i‘ul)ot'nlu_ri;:s the , volatile oil s
extracted by hydre distillation in Clevenyef's
still, In industrial extraction, the steam is
passed through the powdercd spice material
and the distillate along with water Hlows into
1i ‘i'cp'c_ivc__r__» where l_‘oi‘l scparates ' autumatically.

Mostly they are
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by fixcd oil
ct al. 1977),

wiler separator (Govindarajan

In the present review, a detaifed aceount of

pinger,
cardimom and tree spices is presented which

cssential oils  of pepper, turmeric,
account for buik ol the mujur spices prown
in India

OIL O BLACK PEPPER (Piper pigrum 1.}

Bhek pepper oil ds. cither a0 colonrless or g
slightly greenish  Hguid with charoeteristic
cdour of pepper and phellandrene, one of the
principal constituents of the oil, “The tasie of
the oil is mild. 1o the ~west, pepper oif s o
valuable adjunct in the flavouring ol siuzagpes,
meal, table sauses and beweropes (Gaceather,
1972). The oil is also nsed i perfumery (Pruthi,
1976). the '

crushed to fine powdern and distilled innne-

I'rior (o distiliation, bery s

dintelv.  The physicadl and chemival constnants
and chemical composition e presented in
falble 3,

ties which contiin more pisenes have unde.

Amueng these compuonids, the vigie-

sirable tpentine like odour and those which
fike dimenene and

serquiterpenes bike conyophyltene have pleas-

have high mono-leipencs

ing ndows (Pangborn and - Jeanings, 14702

Riaclond, Rossel and Jeanings, 107, Thoe
s wide varintion ino mono aud sesquiterpeoe
hydrocarbons in dillerent cudtivars (Talde A1)
Objective and subjective teehuigues for des.
cribing flavour  qualitics ol binck pepper
essential oil has been atteinpied by Panghorn
et al, (1970), the

aronit of into proups ol conp-

They have Dractionbed
popper oil
from
oviginal to reconstituted mixture ol selected
componenlts,

ounds and  evaluated e dilleience

The major components e
fsom paney, lemuony, tuhbery, woodly Lo peppery,

spicy, sweety, musty, unpleasant, medicinnd;
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acidic and plicnolic. For a sensory evaluat-
ion, this can férm a scale and relative prading
of oil can be donc on a rather subjective basis,
Russcl (1968) and Lewis ot al, (1969) have
shown the presence of a major component of
essential oil, the terpencs.  While the lerpeites
contribuied to top notes, oxygenated fractions
contribute 1o the characteristic odour of the
volatile oil of pepper (Govindarajun, 1977).

The volatile oil levels jn popular pepper culti-
Yars are presented in table 5. The volatile
oil in popular pepper varieties are reported by
Ravindran and Nair (1983) indicatcd that a
cultivar Balankotta exclusively grown in North
Kerala has highest oil content of 5.1%, and
the only hybrid pepper Panniyur-1 has 3.5,
oil. In a study on the levels of oil in relation
to the maturity, Krishnamurthy ¢t al, (1972)
found that the oil content viricd from 2-3,5%,,
the highest content being in the immatuie
pepper berrics. IHowever, Swnathikutty ot al,
(1984) has reported the csscatial ojl COIIPOSI-
tion of pepper at six developmenta) stipes,
which shows the immature berries having the
least oil (L.75-2.097) will sesquiterpenes and
higher polar compounds as the main compo-
nenls (82-889%,) while the later developmental
stages yiclded 2.5-4.25% oil  wilh 47-64",
nmonelerpenes and 30470 sesquiterpenes and
rest higher polar compounds. The ccono-
mics of extraction of pepper oil depend on
the price of the raw material and yicld of
products (Lewis ct al., 1975).  ‘The oil extra-
cling indusiry should c¢hoose a cultivar and
appropritate slage of maturity containiuy high
oil content.  Pepper oils are blended in difl-
erent proportions depending upon: the chemi-
cal composition, )

GINGER QiIL
(Zingiber officinale Rosc.)

Ginger oil representing  characteristic aroma

of ginger js generally abiained by steane disti.
Hation of (he fresh coarsely powdered spice.
Unlike pepper and cardinom, gheer takes a
longer time for distillatjon of ol probably

because of the piesence of larger amounts of

high boiling constituents.  Lven thangh fresh
ginger oil is preferred due (o s Hemony odowr”,

handling of bulk material wnd slow releany of

oil are certain technical diflicwltics.  Mathew
et al. ¢1973) reported the presence of high
curcumene and lower zinpiberene contents in
fresh pinger  as compmed to iy pinper,

Sidzer et al. (1975) indicated the presvnce of

arcurcumenc in fresh ginper oil which is Tog-
med on storzge due to conversion ol ringibe-
rene and g-sesquiphellandrene the main [avore
components of freshly prepared oil. | ilydruo-
carbons, alcohols, carbonyls, esters and olher
analogues aie found in pinger oil and aie
presented in table 6. (Puiseplove et af (HO8 ).
The contributivn ol these compounds indivi-

dully and in combination to the wroma of

pinger oil, is yet o be established, flnesyi-
phellandrene, frousquiphellandiots and some

of the mono sesquiphellandrols amd some of

the meno sesguiterpene analopies e ta be
specilic to ginger bt their individunl 1ole in
aromais yel to be established,  Some of (he
cubomds and  the aleohols e known 1o
contribusie to lemony, ciamphory and [Howeyy
notes  (Govindarigan, FOR2). Salner (1077
reported the nrajor group ol compounds pre-
sent in pinper oil anl suppested  citeal and
cittonellyt acetate s Smportant co-detenmi-
nants of odour,

The age of the oil which can b determined
by the ratio of zim:ibcr('nc-;/f-‘.';c::quiplwil-
andrene to ar-curcemene miy probably he (he
thuiting factor of the quality of oil. ‘The
significance of individual componenls in e
volatile oil to tie total wroma is now estahlia
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shed (Govinduénjun, 1982). llowever, the
{hreshold values of these components which
contribute to the specific odour is yet to be
determined. Badnarezyk and Kramer (1975)
have correlated the sensory profile of ginger
oil to chemical composition and attributed
g-sesquiphellandrene  and  ar-curcumenc o
characterislic aroma of ginger, terpencol,
citral-a, citral-b to leineny flavour; Nerolidol
to woody or soapy, odour.

The physical, clicmical constants and chemical
components of ginger oil arc presented in

table 7 (CRC Reviews, 1932) Damayanti

ct al. (1982) atlempled o cxtract oil in freshy

ginger instcad -of dry ginger and reported
0.05-0.13%, of cssenlial oil on fresh weight
basis. Compensating 909, of moisture in dry
ginger, the fresh ginger oleoresin is found to
give 309, of oil and is reported cconomical.

TURMERIC ESSENTIAL OILS

Oul of the various twrmeric specics viz.,
Curcuma lonpga L., Curcuma aromaticn Satisly
Curcuma domestica Valeton., Curcuma xanthe-
ariza Roxb., Curcuma amada Roxb.,, Curcuma
cnosia [oxb., Curcumma zedonrin Roscoe,, gsse-
atial 0il of Curcuniat longa L. is cconomically
important, In turmeric, oil is extracted asa
by-product in curcumin extraction.  Asthese
oils interfere in pigment extraction, rhizomes
are depleted of the oil by solveat cxtructon,
Turmerol C,, Uy, O which s the main consi-
ituent of turmeric oil was studied by Jackson
et al. (1982) and lound it as an aromatic alco-
hol. ‘T'his can bec converled to -curcwmnone, a
ketone by interuction of sodium methoxide and
alcohol. Essential vils of other curcuma species
are not’ produced in commercial scale. The

" physico chemical propertics and chemical com-

_position are presented in table 8. Natarajan

and Lewis (1982) reported 3,57 of turmerie oil
viclds containing 6049, of  turmerones, 2600
zingiberene and minute yuantities o phell-
andrene, sabinene, cincol wnd borneol. As
turmeric oil is not valued in the spice industry,
the possibility ol converting tuinieroncs and
zingiberenes into more useful (flavouring sih-
stancesis an cconomical proposition, THow.
ever, the seport of the antimiciobial properly
of turmeric off by Banerjee and Nigiam (1978)
is significant in this context.

PRSENTIAL OILS OF CARDAMOM

Dricd sceds in the crdimom capsnles is the
source majerial for essentind ol of cardamon.
Small cardamom Elettarin esrdamanum Maton -
and larpge  cardamom Ao submlaturm
Roxb., arc the two main species from wivich
the oil can be extracted. Since yicld and
chemicul composition dilfer in both the spe-
cics, they are dealt sepazately (CRC Revicws,
1982), —-
Sl envdamom ;- Decorticated seeds ol sl
eardamom are crushed and powdered. The
pawder is steam distilled Tor 3 hours to pive
sy flow  of oil. CThe physice- chemical
properties of the oil are presemted i table 9,

“The knowledpe about the quality of cindamoem
oil is scanty, Narayana Pillal et al (1984)
suppested two major components, o8 cincole
z-lerpinylacetate as the important ones, I hese
are jnlerlaced by other  minor constituenls
which ate yet to be rebated with the aroma
and flavour (Pravatorofl, 1982), Ny the use
of gus liquid chromatopraphy  these two Hnpo-
ptant chemical constituents were monitored by
Naravana Pillai et al. (1984).  Bused on the
analysis of a number of samples from different
peographical yegidus they found  thal Guaule-
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gualayan . cardamom sample is having highest
amterpinyl acetate and: lower 1 : 8 cincole,
.:{\—t_crl)il_lyl acetate contribute to desirable [lav-
our of cardamom whercas 118 cincole im-.
parts harsh camplior like odour.  Data on 1:8
gin_colp.. and a~terpinyl . acetaie in- dilferent
,typcslof cardamom are presented in table 10.
Malabar and Afleppey. types had higher pro-
portions ol a-terpinyl acetate than 1 : 8 cincole.
{’.apuz} -New, Guinca cardamom is "the niost
inferior one containing very high proportion
of | :8 cincole, and very little a-terpinyl
acelade, L. o T T
()lptillnum cpudilinn for the cconomic recovery
_é):'i!‘fgf)od quality ail, development of commer-
cial still and, the time.required ,for complele
"disli.llntion were . worked out by Nambudii and
~I.lcwis (1968). .

Large cardamom (AMOMUM SUBULATUM
]{oxb;.) ;. Large cardimom oil obtained by dis-
tilling decorticated seeds by steam distillation
for about 8 hours yiclding 2.5%, pale yellow
~oils (Lawrence, 1970). The physical proper-
iic§,zliid chicmical composition of the oil are
prescated in table 11,

Composition-wise larpe cardamom oils dilrcrf
from small cardamom  oil  and hence the
former can not Le cquated to latter. Large
cardamom oils have a limited use duc to fhat
cincolic odour, very harsh aroma and inferior
flavour (CRC Reviews, 1982).

.. ESSENTIAL OILS OF TREE SPICES

Nutmeg, clove and cinnamon are the major
sources of cssential oils among tree spices.
Nut and the mace (the sced and aril) of
nutmeg, flower buds of cloves and leaf and
bark of cinnamon, are sources of essential oil

N !

Lroken and

T. John Zacharia & A Gopalam

ol the tree ipices:  lnformution on these vils

is scanty: . ot o

i . v [ '
Oil of nutmey and 0il of mace @ The exiraction
ol volatile oil ltom nutmep and mace is dane by
sleam distillation. ,, The. Jield of oil varies
according to the geographical distribution.
Wormy nutiiegs in
giye much better vyicld of oit than sownd nut-

commercial  distillstion

egs for in the former the fixed oil has been

wilhout affecting the
Sound
fixed

derived by worming
nutineps
oil and

strong aroimalic principles.
on the other hand retain
pertion of velatile oil lowertng its yicld (Guen-
ther, 1972). In the odour, flavour and physico-
chemical properties the volatile oils of nutmey
similar that trade rarely

the

arc so
distinguishes them,  Since - mnce i5 costier
than the nut, the essential oil is produced from

and mace

nut and not from the muace.

Prior o distillation, sutineps are powdered &
the fixed oil is removed by hot pressime. This
process is not cconomical as the fixed oil tends
to lower the yields of oil.  Incidentally, the
worm calen nuts are econmmnical
duc to their low price and depleted fixed oil.
Gildemiester and Holmann (1972) vhserved
that the yields of nutmep and muce viny from
'}{)' e 1649 and 49 1o B8 sespeciively
(Guenther, 1972). “lhe
propectics of the vil are presented in table 12,

physico  chemieal

Pincne and
the total oil whereas linalool, borneol, terpineel

account for about 675

camphenc account for 809 of

only. An aldehyde with
citral odour is reported in traces by Power dnd
Sahay (1907). © Myristicin. and  eclemene the
known hallucinogenic principles in nutmep are
407 and 892 respectively.

CLOVE OlL

The yicld and the physico chemical proper-
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| ties of clove oil depend upen the distribution,
quality of cloves and their condition prior to
distillation and the type of distillation emplo-

| yed viz., . water, ditillation, water and steam
‘ It

distillation or direct stecam distillation.
whole cloves are employed, the forces of hydro-
diffusion play a vital role and the first fraction

of oil' contains high eugenol levels. Water
distillation gives clove oil with 819

suilable for perfumery whereas dry distillation

yields strong oils containing cven 95, cugenol.
The yields of 0il from clove buds, ¢love stems
and leaves arc 179%, 6% and 3%, respectively
(Guenther, 1972). The. plysico - chemical
properties and chemical composilion of oil
from clove bud, stem and leaves arc. presented
in table 13. Besides the compounds’ ksted,
some steroid glucosides (Narayanan and Nate,
1974) and phenolics (Vosgen ct al, 1980) are
also reported to be present in ¢love oil,

Volalile oil obtained at lower maturity stage
of clove is found tohave morc cugenol acelate
and- less cugenol, In fully mature clove, 4
mounths after the onsct of flowering, the cupe-
no} acetate concentration decrcases and cuge-
nol increases.  Clove oil [rom younger buds
has mellow odour (Gopalukrishnan et al., 1982),

LEAF AND BARK UII.-l"J{UI\l.ClNNAMON

The leaves of the cut cinnamon stalks are
removed prior to the preparation of the quills.
Before being distilled (e leaves are dried in
shade. Approximately | cwt of leaf is loaded
into the extractor and distiliation is continucd
for 7 to 24 hours depeading upon the region
and quantity of leaves charged. A charge of
4 cwt normally yiclds 37 o 50 oz of leaf oil.

cugcnol,

“status of the
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Approximatety 30 to 35 1hs of leal oilme
obtained from onc acre of cinnumon plant-
ation (Guenther, 1972}, Florentine  flazks
_sg:_pma'lc the light oil fiom heavy oil, - The
distillation water is coliccted and used apain
to avoid any loss of oil,
‘Hlation, condition of the ehips, their ape, pre-
sence or absence of outer bayk are of import-
ance not only to the yield of oil but also 1o the
quality” (Guenther, 1972). Usually  Ceylon
cinnamon bark contains 5547 cimamaldehyde
and 187 cugenol,

The method of disti-

The physico chemical properties and chemi-
cal compuosition of Ceylon cinnamon leaf and
bark oils are presented in table 14, Leaf oil and
burk woil in 189 Indian 102
Ceylon cinnamon accessions were cvaluated
(Avnon. 1985), The Jeal oil -levels in Tndian
and Ceylon cinnamon are on par with cicly

cinnamon and

other; bark oil in indigenous collection is more
than Ceylon accessions.

An attempt ins beew made (o review current

reseamiches on esseatial ojls of

spices.  Although the essential il industry
cstablished routes in our conntiy ovee hall' a
century back. the present review indicates two
important aspeets of the snme viz., (i) idth-
ouph the technolopy  of extraction of essentinl
oils is not complicated the indigenous indis-
try on the same is yet to make any mmked
contribution "on the cconomy of onr conntry,
(1i) even though rescarches on extraction pro-
cedures have propressed well the fundamental
information on the flavour characteristics nnd
the compoenents of the oil that contribute Lhe
satme are yet to be favestigated in detail in
many spices crops.
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Table 1:- Terpcnoid compounds, organic nomenclature, pl
units in esscntial oil bearing plants.

T. Jols Zacharia & A, Gopalam

Class of compound

Name of the compound

ant origin and number of isoprene

Plant origin

No. of

isoprene -

units
Monoterpencs
Acyclic Myrsene Qil of bay 2
Mounocyclic Citral Lemongrass 2
Lemoncne Lemon, orange peel 2
f-phellandrenc Yennel 2
Terpincol Crmphor, 2
Bicyclic Thujene Tlirpcnlinc 2
a-and f-pinene Turpentine 2
Scntene Sundalwood 2
Camphene Camphor 2
Fenchone Fennel 2
Sesquiterpenes
Acyclic arnessol Orange peel 3
Monocyclic B-bisabolene Cardamom k!
Zingiberene Chinper 3
Curcumenc Turimceric 3
Cadinene Oil of cubes 3
Sclinene I'epper 3
Vetivane Vetiver 3
- Tricyelic
Scsquitcrppncs Ccedrol Cedarwood. 3
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Table 2: Major, minor and tree spices with botanical and common names and paits uscd
for esscntial oil extractions.

Botanical name English common Part used

niine

MAJOR SPICES

\

Piper nigrum L

Pepper Berry
Llettaria cardamomum Maton, Cardamom . [Fruit & Sced
Zingiber officinale Roscoe  Ginger Rhizome
Curcuma longa L., Turmeric Rhizome
Capsicum annuum & Chillics or

Fruit

Fruitescens L. Capsicun
TREL SPICES
Caryephyllus aromaticus L. Cloves Unopened Flower
Bud
Myristica fragrans Houtt, Nutmeg Nut
Mace Aril
Cinnamiomum zeylankemn Cinnamon Bark
Cinnamonnun arematicmm Cassin China or Bark
Cassia
DMINOR SPICES
Pimpinelia anisum Anisced Seed
Caycum copticum Bishop's weed Seed
(Ajwan)
Carum carvi L, Caraway Scedl
~ Apim gravelens L. Celery Seed
Cariandrum sativum L, Coriander Leaf & Seed
Cuminum cymfnum L., Cumin Seced
Aucthum gravolens L. Dill Secd
Focoiculum vulgare Miller Fenuel Fruit
Trigonella foenuwm graceom L., IFenugreek Sced
Allium sativum L Garlic Bul
Alium cepa L, Onion " Bulb
Garcinia indica Kokum Peetl of fruil
Crucus sativus L. Saffron Flower
Vaaniila plantifolia Andr, Vanilla . Pod
Meatha piperita Mint. Leaf
Murraya koceniqil Curry leal Leaf
Brassica juncea & nigra Mustard Seed
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Teins

Table 3.:. Physical and chemic

T, John Zacharja & A Gopalam |

al constants and chemient composition of pepper il

Specmc gmwly
Rcﬁ acnvc mdcx

Optical rotation gt 25"C
Solubility

Monoterpencs

Sesquiterpencs

0.864 10 0,884

01,4795 to 1.4380

-l to -23°

1i3in ‘)5;1 L toOIl .
a-thujene, ¢- pinene, camphdne
S.tbmcnc A-pinene, myreene
a-plwl!umlrcnc, A3—c;1rcnc,

a-terpinene, p- cymene,

A-pheltandrene, limone e,
4 -terpineae, lespinulene

a-cubebene, - copacne,

A-clemene, - nyoph)llcnc
f-salinene, f- farnosene,
himelene, f-selinene

e-selinene, [F-bisabolene,

T

T ————

able 4. Per cent variation in mong and sesqui terpene hydrocarbons i pepper v s,
- —_—
Hydrocarbon Range of varintion
in pereentape
Monolerpene
Linio;lcnc 0-40
B-pinédne 5-3% J—
z-Pinenc 1-19
a-phellandrene - 1-27
f3-Phel l-zlndrcn e 0-19
. Sabinenc ' 0-20
Carene . 0-15
Myiccnc 0-1
Scsqu:tupcnc
A-caryophyliene 9-32
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Table : 5 Essential oil composition in bluck pepper cultivars and the region in which
(it is growi

[

Vauricty Region in which it is grown Lssential
‘ oil v,

‘ Karimunda ' Central Kerala 4.0
Narayakaodi . Kottanadan, Champakara . 1.0
- Kalluvally : North Kerala . 12
Balankotia North Kerala 5.
Kottanadan South Kerala A5
Kuthiravally South Kerala 4.5
Kaniakkadan Idukki R
Arakulamunda Central Kerala 1,7
.g\_ Malligesara North Karnataka 1.2
~ Panniyur-1 Hybrid, Who'e Keialn . 1.5

- Table: 7 Physical, chemiical constants and chewical composition of ginper oil.

Speeific gravity : 0871 1o 0,882

" Refractive index A8 ta 141940
Optical rotation 287 to-15”
B-zingiberene 3507
Ar-curcuImene , i7.7%,
Farnesenc 9.8
Sesquiterpene alcohols 16.7%,

Cuaimphene, limoene,

Cineole, fi-phellandienc _

Citeni-a, Citral-D, . :

limalool and borneol %

Fay
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Table : 8 Physico chemical properties and chemical compusition of essentinl oils of curcwmn

species.”
Curcuma Curcumasa Curcuma Curcuman
longa L. aromatica amnda redonris
Salish. RoxDb. Roscoe
Specific gravity  0.94 0.91 0,90 0,98
Optical rotalion  -13 10 2.5" -12° RTINS PLY R YA
Refractive index  1.512 1.504) 1.502
Aciid number 0.6 10 3.1 1.9 [.1
Ester number  + 6.510 16 2.03 1.3
Solubility Soluble in
80, Alcohol
Phellandrene Camphene
f Sabinene Curcumene
Cincole Caprylic
acid
Borneol Pinene Pinene
Qcimene Cumphene

Zingiberene
Turmerone
Atlantone

Linnlooel
Linatyl
nceknte.
Safrote

Cineole

Huorneol

Zinpiberene

Table 0 9 Physico chemical properties of the small cardamoem Ele

(tarin copdamoimm nation,

Specific gravity
Optical totation

Relractive index

Acid number
Iister number
Solubility

0,923 10 0.9

12 o4

FA52 to 1.46)

Upto 4.0

92 to [50

210 S vol, or more of
700 Ethyl aleohol,
Limonene, sabinene,

©chieele, e-terpineol,

Terpinyl weene,
boineol, (Guenther, 1982)
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Table: 10 1: 8 cineole and a-terpinyl acet

ate in cardiumom ojls of difle

Origin % 1:8 Y6 terpinyl
' ciueole acelale
. Gautemalayan 23,4 50.7
Mysore 49.5 30.0
Alfeppey 34.2 377
Ceylon 36.0 3.0
~ Papux New Guinea T63.0 29.0

Table : 11 Physical constauts and chemical composition of large cardamom ojl,

renl origin,

Specific gravity
Optical rotation
Solubility

Chemical composition
Hydroearbons

Oxygenated
compounds

1.920
—I12" o 49° |
Clearly soluble in 1

and more volume of 50N,

LEthyl alcohol.

u-pinene, f-pinene,
myreene, sabinene,
a-1ctpinene, v-terpincne,

Limoncene, p-cymene,

1: 8 cineole g-
terpineolenc terpincol,
d-teipincole, nerolidol.
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Table : 12 Physico chemical properties of the volatite oil of nut and mace of nutnieg and

tlte chemical composition.

) Nut Ntee
Specilic gravily at 15 0.865 10 0.925 0.923 to0.947
Optical rotation +8lo 430 210 411
Relractive index at 20°C 1.479 to 1.488 1.486G 1o 1,494
Acid number Upto 3.0 20100 1.9
Ester number 2109 1.2t0 7.3

Chemical composition
common {o nut and -
aril of nutmeg .

g-prinenc, camphene, pinene,
Dip@itence, p-cymenc Linalool

a-terpincol, Borneol, w-lerpinenc-

4-0i-, Geraniol, Salirale,

Myristicin, Eugenol, Tormic acid,
Acctic acid, Butyric acid, Caprylic
acid, A mono cuboxylic acid ¢ €,

11,0 COOIL, Myristic acid.

Table : 13 The physico
and feafl oil.

chemical preperties and chemicad compesition of clove buds, stem

Volatile il

Clave stem Clove leaf

Huds o] o
Yicld of 0il 17407,
Specific gravily 1051 1.0k50 .05
Optical rolation -0°32" -0736 -2
Refractive index 1.5318 1.5352 I 5379
Total phenol 919 910, Ruang
Solubility 1 vol. ol 704, I vol ol 704 1 vol, of
alcohol aleohol 0es aleohol
Bugenol Lupenol Sume ns

Bugeny) acclate
Caryophyllene
Caryophyllene axide
Mythyl saleylate
Methyl n Leptyl ketone
Yaleraladehyde

NMethyl o amy) carbino!
TFurluryl alcohol
n-methyl lurfuial
Methyl heptyl carbinol
NMethyl fueluryl acolol
Dimethyl fuifural
Yanillin

Eugenyl ncetate stem oil
f-caryophyllene

furlwral

Aythyl aleolof

hMethyl amyl

MNapthalene
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Talde : 14 physico chemjcal properties, chemic

o John Zacharin & A, Gopalam

+

al composition of Ceylon cinnamon leal

and bark olil.

Speeific gravity

- Optical rotation

Refractive index
Aldehyde content
LEugenol conient

Solubility

LEAF

1.037
-1°96" 1o -0 41
1.5288

LA

77.3 to 90.5;,
I.5 volumes of
70%, alcohol

Dipentene
Phellandicnc
Pincene
Benzaldehyde
Linalvol
Geranjol
Borncol
Terpincol
Salrole
Caryophyliene
Euogenol
Cinnamyl alcehol
Cinnamaldehyde
Benzyl benzoate
Cinnamanol
Foliol
Combandl,

BARK

1023 (o 1.090

Slightly lacvorotatory
1581 1o 1.591

05 to 76,

d o oy

2to 3 volumes of

7078 aleoho)

Methyl »omyl Ketope K
Furlural
Phellindiene
p-cymene
Benzaldehyde

Mooyl aldehyde
Hydro cinnamie aldehyde
Cinnam aldehyvde
Cinvamic aldehyde
Linalon!
Linadyl iso Lutyrate
Lugenol
Caryophyllene
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