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Essential Oils IV 
Recent Sttzdies on the Volatile Oils of Cinnanian* 
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Abstract : Cinnamon is a uniquely interesting plant that gives rise to three dilferent 
essential oils viz : bark oil, leaf oil and root bark oil, whose principal .constituents 
are cinnarnaldehyde, eugenol and camphor respectively. Bark and leaf 011 .are impor- 
tant cornmerc~al products. Recently GLC has been wed to make a cornparatwe study of 
the detailed composition of Sri Lanka grown cinnamon oils. The three oils were 
found to contain the same array of rnonoterpene hydrocarbons but in differing pro- 
portions. The root bark oil has a large monoterpene fraction of wlrich 1 : 8 cineole is 
the major constltilent. All three oils contained the sesquiterpenes a-caryophyllene, 
a- ylirngene and a-humulene. Prefractionatiori by chemical separation rnethods 
and column chromatography on silica gel followed by preparative GI..C c;~abled Inany 
of the major constituents o f  each oil to be isolated for identification by IR spectroscopy. 
In addition an IR spectrophotarnetric technique was developed for the direct analysis 
of sarnplcs of each oil. By this technique a quantitrtive estimate of eugcnol, cinnamalde- 
hyde, acetyl e~lgenol. bei~zyl benzoate, cinnatnyl acetate, camphor and 1 : 8 cineole 
ill a sample of an oil could be made with a single spectrum. 

1. Introduction 

The commercial plant Cinnarnomum zeylanicutn 11as been recognised since very early 
times as a valuable spice and flavouring a g e n t . V t  is a uniquely interesting plant, 
in that i t  gives rise to three different essential oils, namely, bark oil, leaf oil and 
root-bark oil. Esch has a different chemical composjtion. The rnetl~ods o f  classical 
cllernical analysis havs revealed the principal differences anlong them.5 Esch onc 
of these ~ i l s  has a major constituent that is diserent from the others. In th.e bark 
oil this is cinnarnaldehyde, in the leaf oil it is eugenol, while Iil the root-bark oil it 
is camphor. These early studies on the chemical composition of' the cinnamon oils 
were based on the comparatively drastic separation procedures of fractional distilla- 
tion. The corllparatively recent developments in chron~aloyraphic techniques Ilave 
enabled more serirciring studies to be rnatle on the chemical com.pusition of cinnamo~z 
oils. Such studies have been made on Indian cinnamon leaf oil,s and on the con.,po- 
sition of tlze oii from C.scylnniczrm growrl in Ghafia.' Sri Lanka, has been the major 
producer of cinnamon in the world, since antiquity.' Detailed studics on the c!renucal 
cnrnposition ef cinnamon oils, ckhtained from plar~tations in Sri Lxnka, have been 
receat!y carried out. 93 These studies, which are based on GLC and I T <  spectroscopic 
techniques have revesilect interesting scsults, wl~ic l~  itre disci.issed here. 

*This as the tevt  of a paper read at the YIth Intcrnntionnl Congress of Esseilt~al 011s held In San 
i:ranc~sco dur~rrg September 1974. The paper was read on behalf of R 0 B Wuesekera by S r ~ a n  
M. Lawrence, and 1s published by klnd pertnlsslon of the Sc~ent~fic Programme Cornrn~tlc~: of ihe 
Congress. Vide Abstracts of Scrent~fic Pi-ogrom Vitb International Congrec~ of Essentxal 011s. 
No. 92. (1974) p.70 
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2.1. Source of Materials 
Samples of cinnamon stem bark, root-bark anti 1ea.f -used for flle studies 11.a.ve been 
collected from two large plantations in the southern coastal belt of Sri Lank-a,!> 'This 
area provides the bulk of the island's cinn~~rnon. In these plantations, tlre cinnamon 
piant is regularly '' coppiced " and maintained as a sma!l bus11.. 'rile cils wcrc crbtained 
by steam distiIlation in glass 1aboraior.y units as well as in cornlnercial fizlc! seil!~. 
Baric oils obtained by dis:illation cif the cinnamon quills of commerce were else 
examined. 

2.2. Gas Chromatographic Methods 

The freshly distilled oils were exan~ined using ternpera.ture programmed gas liquid 
chromatograpllic procedures described previously. For the analyl.ical urorlc, a 
Vnrian Moduline (1740-1) instrument with flarrie iol~is~tiorl detectors was used. 
Four different stationary phases were e~nployed in packed analytical coltln~i~s (3 m x 
3.2mm). The operating parameters are indicated in Table I .  Using these four. diifcrent 
stationary phases, retention times for the individual components were first ohtniped, 
and comparecl with those of authentic samples. 13eak enrichn-!enr., te~l;.r?i~ji~~s \vel-e 
used to obtain an idea. of the identity of the constituents. I:1 order to obtain fnirt!~cr 
cortfinnation of the ideiatity of the illdividual constituents, prepa.rative GLC methods 
were employed wit11 a Varian AerograpIl Model 90 P3 wit.i~ therr~zal conduct,ivity 
detector. The columns used were 3131 x 6.4 mm artd statiol~ary phase ~vrts (larb~:ywax 
20 M. The individual constituents scparatetl by preparative GLC were collc.:ted in 
thin capillary tubes or bubbled into pre-cooled soivents. Sometin~cs it was expedierit 
to rernove the major cc~mponent of' each oil by clxen.~ical methods, so that the m.inar 
cu::siituents were better separated by preparative G1,G.Y 

TABLE I .  Operati~lg parameters Tor analytical GC.  
~ .-. -.-. --- -~ - - .. -- --- - . . .. . - 

lnstrurnent : Varian kerograph Moduiine 1730---I 

Detector : Flame ionisation 

Columns : 1.  15% LAC-2R-446 on iirebrick A. W. 
2. 10% Carbowax 20M 011 Chromosorb W 
3.  15% S.E. 30 on Chromosorb W 
4. 10%. FFAIJ on Chromosorb W 
Dimens~ons 3m x 3 .2  mm. 

Colrlrnn Temperature : Initial 60 OC 
%ma1 220 OC 

Programme Rate : 2 O/min. linezr 

Injection Block temperature : 230 O C  

Detector Oven temperature : 260 "C 

Gas flow ratt:~ : Carrier gas (Argon) 25 rnl/min. 
Hydrogen 25 ml/min. 
Air 250 nri/rnin 

Recorder : Range 1 n1V 
Chart speed 5 rnm!m~n. 

" .  - - ..... .- .. ... ... . . 
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2.3. Infra-red Spectroscopy 

Infra-red spectra were obtzinec! on Perkin-Elmer 700 double been1 spectrophoto~neter 
with grating optics. The spectra of compoundsco1lecte in capillary tribes were re- 
corded as smears on su(1iurn cklol-ide plates. The spectra of of ti:e minor corn- 
ponents wiiicll were obtained by trspping in pre-cooled solvents were rccorded in  
so iu t i~ i~s  ~v i ; l i  the respective so!venfs in thc reference beam. The icie!::ifications \\+ere 
confimled by autil.cr\tic spectrs p~~blished by other workers 9r by co~nparison wit11 

spectra of nuthefitic c?l.;~p:>~rnds o5tai1ied by us. 

3.1. Qusntitation by Gas CEaromatogr;?phy 

Quantities of the varloas conipotients of e:xh oil v~ere determined from re!?resentative 
ailzlyticc?.l cI1ro1~iato~r3!?1s b y  Irxasurerncnt of peak areas. Several replicate anajyses 
were rnatle zild :Ile mezn values were reclirded (fable 2). 

TABLE 2 .  Conlposition clf tile cilmamon oils as detcrtnined by GL,C. 

a- --I'irienc 
Ca:n~hcnc 
/ j  .--Pinenc 
S~tbincnc 
if .)Ca:.cne 
a---Phcliantirenr: 
a---'Terpinene 
I.,i ~nonenc 
1 : 8 Cinecle 
y--Terpinenc 
p ---Cymetic 
,.:I -Y iangcnc 
C:ai~~phor 
L,inalcol 
2-Caryophyllenc 
4--Terpinen-1-01 
a--l-lumulene 
a---Terpineol 
l'ipcr-itone 
Cuminaldehydc 
Geraniol 
Safrol 
Unidentified 
Cinna~naldchydc 
Methyl cinrlamata 
Ethyl cinna~i~ate 
Cinnamyl acetate 
E~rgenol 
Acetyl eugenol 
Cil~narnyl alcohol 
Renzylbenzoate 
. .-~ -- . . ~ - 

. .. - . . . - - - .. . - -. ..- .: .- .. - . . 

P E P . C E N T A G B  
~ - - - - ..- - . . - . - 

L.c::f 3 i !  Bark 011 Root-Bark Oil 

0.2 0.2 1.7 
..I. f 0.8 
..i... .i. 1.2 
-. i.. -+- 
-F- .i- -!- + f 

.i. 
+ 

-t- + 
-t -f - 

0.15 1.55 15.2 
L . ... 

0.35 0.i5 1 
0.25 _ I _  trace 
. .. triicc 60 
1.5 2.3 1.2 
1.85 I .35 - 
. . . - ..L. 

0.2 0.2 0.2. 
0 ' 0.4 3.8 
0.1 -1.. -1.. 
.... 0.25 -. . 
1- 

-. 

..). 
+ 

0.65 0.7 
0.35 4- + 
1.3 74 3.9 

trace -- -. 
tracs f 
0.8 5 0.3 

87 8.8 5 
1 trace + 
14.6 -i - 
2.47 1 0.3 

- . . . . -. -. . - . . . .- . . - - . . . -- . . . . . . - - - . , - - . . . . . . . .. 
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3.2. ' Determination by Infra-red Spectroscopy 

Several compounds were quantitatively estimated by measurement of an absorption 
peak in the IR spectra which was characteristic o f  the individual compound. The 
assignments of the peaks of the spectrum of each oil as being due to the vario~~s 
individual compounds present in it were made, firstly, by cornpnrison with the chzrac- 
terjstic peak frequencies in the individual spectra-of the pure constituents themselves 
Then the peak enhancement caused by addition of a small amount of a particular 
constituent helped to verify such peaks as being dxe to that co~~siitucnt. Estimates 
were .further confirmed by differential spectroscopy where the addition of a srna.11 
amount of the pure c@mpounds one a t  a time to the solvent in the reference beam 
resulted in the reduction in intensity of the peaks due to that particular compound 
When the quantity added %<:as made equal by suitable manipulation to t!le amounts 
present in the oil, the peaks due to this compound were completely obliterated. 
'The choice of a suitable peak for quantitative estimation of each constituent corn- 
pound was most important, as a peak which was solely due to this particular com- 
pound had to be selected. Once such peaks were suitably seleziec-I, the Beer-Lambert- 
Law was employed for the estimation of the differeat compounds. The accuracy of 
the estimates were cl~ecked by obtaining lllc diKerentia1 spectrum. When the estimate 
was incorrect, (that is when it was too high or too Io:~),  this was indicated by the 
ap1:earance of negative or residual peaks respectively. By these infra -red ~ncthods it 
\YES possible to determine eugenol, acetyl, eugenol, cinnsmyl acetate, benzyl benzclat,e 
and cinnamaldehjrde in cinnamon leaf oil ; cinnamaldhyde, eugenol and cinnarnyl 
acetate in cinna.~non bark oil ; a.nd camphor, 1 : R cineole and cinnamaldehyde in 
c i t ~ n m o n  root-bark oil. 

4. Results 2nd Discussion 

The representative gas chronlato~raphic prcfilcs of tlie thrcc oils preseilied ixa figure 
(1) reveal both thc qualitative and quantitative difierences in tile individual consti- 
tuents in tli.enl. Al l  three oils possessed tl2.e senw array of r;\onoterpene l~ycirocarbo~~s 
(Table 2). 7'h.e root-bark oil was rich iil a - ailrl p-.pinene and possessed also 
the greater prcyortion of campIlene in conlparison to the otller two. The main 
hydrocarbon in the root-bark oil was 1 : 8 cineofe (15 %). There was not much signi- 
ficance in the difference between leaf and bark oil with respect to tlreir 1nonoterpe1.e 
Yiydrocarbor~s. Th.e leaf oil contailled a, massive amount of the phenolic constituent 
eugwol. It also contained linalool, ~3 --- caryopllyjlene, cinn.amaldchydc and benzyl 
benzoate in quantities of over one per cent. p--caryophyllene was the yredon~inant 
sesquiterpenc hydrocarbon in both leaf and bark oils. But, j.t was not present in root- 
oil. A.11 three oils cot~tained small. alnounts of a -humulene and a-ylangene. The 
bark oil besides cinizamaldehyde contained eugenol, cinnamyl acetate, ilinalool 
and three sesquiterpene hytIrocarbons mentioned. Ti-IC leaf oil contained benzyl 
benzoate as :I major ester with trams of ci1rr13myl acetate, ethyl cinnamate, a.cetyl 
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eugenol and m.ethyl cinnamate. The znethods based a2 infra-red spectroscopy gave 
reproduceabIe estimates for the relative am.su!lts of eugenol, acetyl eugeaol, cinna- 
maldefi.yde, cinnanlyl acetate, benzyi Fenzo:.ite, camphor and ,  l : 8 cineole present. 
Comparison of these results ~ v l t h  those obtained by qumtitative GLC are represerrted 
in Table 3. The  estimation of eusenol and clnnnmaldeh::de agreed very ::loselj. with 
t l~gse  obt~ii~c:'l by SLC resiilts, bu:,in the case of the e;;ei-.;, i jw CLC values were 
somewhat lower than the correspondir.= values obtains:$ by t!ze inrra-rc:l ~ n e t h ~ d s .  
This was cortsis'icntly so :znd may be due to the operation of sonle kind of su'trt,ractive 
cgect occurin2 in the GLC cohmns. It !!:~s been nc)ted4 t'hst FFAP c: )?un~ns  tend 
to absorb and ahstract ;?ldehydes. - But this IV:S not a.pplr.r:ni in the c ~ l u r n n s  used ~n 
our study. One  of the :dva~:t:~%es of the i:.!fra-red reshnique is that n rapitl zstit2ztion 
cauld be obtain-cd of t?le relative extent to v~ilich the !n?i11 co:npounds are present 
using a s~riall volunle o i  the oil for e~r,!:  analysis. The cirzn:in~oix oils ,Ire o.SpnrticuJar 
ir~tercst froin t 5 e  biogcnetic standp3int. It has been rezor;:ied tht~t pheiiylpropa- 
noids present in rtl:~:~ts s u c ? ~  as cinnmm!dshyJe =1:3 eu>:eriol arise by w:ly or the shiki- 
mic acid pnti!v~ny an6 Ihc sch.eme Fol':oived is most ii l icjy, si~>-iil::l- lo t41nl proposed 
for t l le  biosynt1;esis o f  l i g i ] i n ~ . ~  On ti... olF.cr .irai~d, !.,iosy!~l i-resis of tcr,pcnes occilr 
Cry way of gerailyl or  n e ~ y l  pyrrjphnspli:iie :ir.l,:i c:)rnpoil.lils l i l . : ~  ;nrfl.?hor arise from 
3 c::rboniurn ion. of tile bsrnane type.2 T h ~ ~ ~ ~ l l i - i t i l , . : ~  !?C 5otl.i p:rc!lyi!,i;)$m9id~ 
3.nd ierpeiloids as the ir!:tjor co!lstit~ren?s of t 5ec  d i R e r c : ~ ~  p r i s  or  tile sane plant 
makes the biosyntheiis ~nech:;.nisin of these c g ; ~ ~ p ~ i \ d s  ~ I I  clnnan.r>rr urliqi~cly inter- 
,..>. r~.,:;ng. 'rile q~letiojn arises as to whelhcr -tiles:: 5:o:np.>11.!1{Js are symtiicsised atsitc 

or whctljer. tiley ~ i - 2  transported to the various sites or th.e pl;tnt I:I i\rhi~h rl!.ey occur. 
'Tl:is wiil h2ivc ta await the resultsof traccr siudizs IYJW in progress." 

' h n : ~  3. Comparison of results by IR and GL.C m-r!loJs 

. - ~ ,- 

Perccntagc 
. -- . - - . . . . . 

. . - - -- . .-. - . -- .. . - ..- ,. -. . -- . . .. I R. G1.C 
- - - - - . . . - - . . - . 

Eugenol ir, leaf oil 79.9 80.0 
in bark oil 8.9 10.0 
in root-bark oil S .O 5 .O 

Cinnamaldehyde in  leaf oil 2.0 2.4 
in. bark oil 65.5 B? .0 
in root-b:rrk oil 3.3 3.9 

Cinnamyl acelatc ~n lcaf 011 3 2 2 1 
rn bark 011 tan 5 0 

Henzylbenzonte in leaf oil 4.5 3.4 

AccfyI eugenol jn lcaf oil 3.7 2. E 

Camphor in I-oot-bark oii 52.5 59.9 

1 : 8 Cineole in root-bark oil 12.0 19.0 
-- - ..- -. - . - - -. . . . .. -- 

'* el'. MI, Sznan:m.vake. R. E,drxtarils and 'T. K.'l,se, ',Jnivarsjty al' i \ .rc-+r sou ti^ !#arss 
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