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ABSTRA.CT

In Eg;,'pi f.itcolvptus spccies are presenli-r used as poies.
rvindbreak and f'lrenocid but not for oilertraction. Eui'ptian imports of
eucairptus oils are increasing front tear to another. This stud1,,tvas
airned io increase tbe Eucalyplzrs species value as no;:- r,vood prr:rducts
b1, determining tire suitable harvest date and the time ol stearn
distillation on I'ield and contents of the essentiai $ils af Eucnll-ptus
species . This work uas carried out i* 1001 on 13 1,r-old trees irrigated
b1' drip in'igation in soil unCer reclamation.

'fhe 
f ieliis of essential oils extracted from dried leaves of

Eucal-vptm citrlcdoyct. E. gontp{tocephulu and E. t:itinaldulensis
growing at the Experimental Farm of El-Kassasin, 80kr:r. East of Cairo
!\,t:re studied. The highest oil -r.ields nere obtained in summer.
loliorvr.'ci br, spring anC rvinter with thc lorvest y'ield in auturnn for borh
E. citt'iotioru antl E. g;owphocephtilo- rvhile^ the highest y,rield of f.
csrnaldulensrs was obtained in spring foliowed by autumn and summer.
rvith the lowest f ield in winter.

1-rventy components rvere icientified b,u.- CC/MS. in the three
Eucalyptus species 909'i, of the isolated oils rvere obtained after 90 min.
distillation and containeri maximai amounts clf citronellal7l .3t/o for E.
citriodora oiianci 52.9% and 31.2o,/o ^1.8 cineole for E. qr',mphucaphala

ar:i.j rj'. ttrmaldu!** ls oiIs. respectivei,l,.
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At longer distillation times, turlher quantities of oils cofiectetJ
becarne negligible and the proportions of the main constituents f'ell
si_sniflcanttr,y. The main components r&ere citronellal, isopulegol and
citronelioI l"or E. citriodora. whtle, the principai ieat oj] components of
E" gomphoceplutla were 1.8 cineole, P-cvmene, allo - aromadendrene,
aromadendrene and B-pinene. The mosl abundant essenl.iai oils of E.
c{trncldtiensz,r w'ere 1.8- cineole (eucal;,ptol), p-cvnrene. alpha- pinene
and beta pinene. f-he results fiom this stud.r, indicated that ii is possible
to r.tse Eucalyplzrr species gro\\in in reclaimed land in El-Kassasin
regir:n to produce essential oils of high eco*onric ralLre *ith E
cil,icxlora as an interesting source of citroneilai. The oil of E
gomlthocephula is a porential
cymene"u,lrile, E. cumcitlulensis
pinene.

of 1.8 cineoie and p-
in 1.8 cineoie and Alpha

source
is rich

E
F:: -

Ke)' words: camcldulensis, citriodora,distilration, essentia! oir,r.
euc alyptu,r, go nph o c ep hal s, hat ve s t dat e.

I.INTRODUCTION

I'he genus Eucalvpttts. rvf-vrtaceae famil1'conrprises mcre than600 species- 'fhe prant. 'uvhich is a natire to Ausiraria. is rvidery
disti:ibuted throughout the u'orld. Dit]'erent scecies are used for
affbrestation. improvement of marshlands. and as ornamental trees in
tou.ns and al roadsides. (Chalchat et a\.200C).

N{any' species yierd varuabre timber, firewood, charcoal and row.
materiai for paper and purp industry ancl to so*le extenr fbr essentiar .ir
and tanning materials.

, The oil mav be roughly dividec! into trrree crasses orcomnrerciar
irrrpur tarric: 1 i ) the medici,ar oils r.r,hich contaln substantial amounts of'
eucalyptol (also knorvn as ciireole) with antibacteriar activir-,* against
grani-positive and negatir"e 

.micrr:organis'rs and antifungar acti'itr
against c'. albicans. (2) the industrial oirs. conrainrng rerpJ,es. ,rni.i-,
are used f,or tloralion nrrrrr^qFq in ,-i^i-^ ^^.,-^,r ..- .. , a r .r.

oirs such as E t'i*io,1n",,,] ,"r,i.r., ;;; ;;";l;;#;J ir'li]l,l'r",liiri
61is\ye" (2000) and C;vedeji et *1. (.1999)1.

The production of eucalyptus oil, in Lg:-.pt is nor knoun and
comrnercial piantations have never been estabrished. especialir fbr oil
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production. According to the rr-ports of the Egyptian E,xports

Developinent Center. Ee3'ptian inrpoir.s ol eucal-vptus oils increased
from $ 57.000 in 1965 to $ -105.000 in 2000. This rctlects the
in:portance of expanding the grorving Euc'cti,t,pttts species of high oil
productivitv. to reduce oii impoits.

Accordingly, research sht'ruid be caricd out conccflrins
Eucalyphus to sclve the various reiated protrlems which include the
cuitural requirements of the irecs leading to rnaximum yield of the
desired products. We studied the more abundant species in Egy'pt:
Eucaiypltrs canmldulensis Dehnh, E" citriodoru tiook and E.

gomphocephttlu Dhen. These trees are presentll- used ibr poles"

windbreak and firervood. However it is desirable to llnd ways ol
increa-sing the value of thesetrees.'fhe study of oilcomposition nial'
rcaiize this goal.

Adhikari rt al..ll992i sirowed that essential oil and eucaly'ptol
colrtents in ieaves af E. c*ntaldulensis grorving in Nepal increased

during the period from lvlarch to Sepiember. Fechtal el u!., (1995)
repofied that the highest cineole-rield *as obtained i-rctrveen 40 to 60

minutes of rectification limc fsy [, i:utnulduiersis gror,,'ing ir Morocco.
Bigneil €t til . (1996) indicated that the princrpal leaf oil

coinponents o{ E. gomphocepltoio grorving in Ausiralia rvere aipha-
pinene i0.2 - 317o), beta pinene (0 -12.59b), i.8 cineole (0.2 - 46%). P-

c)'mere (0 - 20.8%) and aromadendrene (0 - 12.59;).
Shieh and Shieh (i996) conciuded that the highest yiclds of

essentiai oil in leaves of E. t'amulLlulefisrs growing iil -l-aiwan 
were

obtaincd in spring. iblloived by autumn anci sunrmer rvith the lo*'est
yields in winter.

Muchori et sl., {1997) indicated that the essential oil of E.

r,arnsldulensis lvas ricir in 1.8-cineok (eiicall,ptol) (> 50-04). The rnair
conrponent of E. cin"iodarA x/as citronellal {>7A%i in Kenya.

Moudachirou et a!., ( 1999) reported that yields of essential oils
from dried leaves of E. ccmuldulensis and E. citriodora groun in

dilTerent locations in Benin and collected from February' to August
rvere in the range (0.6-i.i9,',,i and (2.3 - 5.S%), respectivell'. A total of
28 compernents u'as indentified b1'GC/N{S. About 90% of the isolated

oils rvere obtained aiter I hour of distillation. and it r.vas concluded that
fbr industriatr purposss a distiilaricn time oi' ":i5 minutes would be

adequate . 'fhe main essettial lril c..irstiluent ol' E. citriodor{, \Yas
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citronellal (55.1 - 897ir) and for E. camaldulensis was 1.8 cineole (31 -
iz.s %)"

Chalchat et al.. i2000) reporled that the essentiai oil liorn l-.
curnaidulensjs contained -13 sonstituents ol which lirnonene (4.1 - 10.2

',6) 1,8 cineole {.42.6 - 64.1 %). gamrna terpinene (1.8 -6.2 7;). P-

cymene (i i.6 - 2,1.8 %\ trans pinoconeoi (1.4 - 1.0 920). and alph
terpineol (3.7 ,{.8 9ro). ll.ere the rilost represenialirc. ht E. cilrictctora.
of the 18 constituents idcntified citronellal and isopulegol u'ere the

most abundant (apprc,x. 78 anrJ 6 9zir, respectivell') in N'fali country'.
Diuili'p .r rr/.. (2000) sltt,rvc.l that thr-- principai coiiipuirurii: Jf

E.curnuldulels;s oil were almost independent of environmental alid
seasonal conditions. Essential oils contained montlterpenoids and

sesquiterpenoids (Austral ia).
Bena;-ache et d., (2001) indicated that cssential oii ol 5.

camaltiulensls and E. gotrtphccephala gro*ing in Algeria coniained
alpha - pinene (2.8 - 24 9t) beta pinene {0.2 -- i.6 ?ir), lin,onene ( i .5 -
4.5 %| myrcenel (0.I - 1.i ?'0). L8 cincoic (cucalyptol), (3.5 - 8l %)
. aiio - aromadendrene (0.1 - 8.8 9t) arrilgiolrLrloi(0.2-5.7?i,)as
principal leaf oil conipcnents.

2. }TATETI.IALS A]itil} TIETHODS

The oiis r.vere isolated at the middle of every month in 200i
during lbur scasons til.m the dried lcavr-s af iE. gontphocephala Dhcn"
E. cirriodur* Hook alld E. carnaldulgnsls Dehnh )trees planted in 1989
from cine 1'ear old seedlings. "Ihe seasons lvere winter ( January'.

F'etrruan. and March), spring ( April, &1a1, and June ), slrmrner ( Juh'.
ALlgusi and Septeriltreri and auiunln iL)ctr-.l-rcr. Novenrbe r and
DecemberJ Thc trt--ts r.lere grou ing at the Experimcntal Fann of El -
Kassasin llorlicultural Research Station. Horticulir-rre Research
Instituie. r\griculture Research Center. The st-.il is sandr loam and

abtre I and means of tota of E. t3 old trees.

E. species
Tree heieht (m.)

Range llean
E. ccutzatlulyusi,s 18.0 - 21 .8 19.9

E. {,.t;itohoeephala 14.4 - 21 .4 19.-i

E. t.itt'iociora 11.4 - 14.5 1 3.tr
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alkaline (pH 8.1) under reclarnation .The distance between trees was 5

x 5 meters . The range and means of total height of the trees are
presented in Table (1). The soil of the experimental farm had physical
and chemical properties as shown in l'able (2). Six samples of leayes
were collected at:different parts of each sampled tree every Q - 2.5 m.)
depending cn the total height of the tree. The leaves were mixed
together as one sample. Every sample containing the young and
mature leaves. The leaves were dried at room temperature in shade.
The leaves (200 - 500 g) were bulked and the samples were
homogenized. The oii samples were obtained by steam distillation. The
oils were analyzed by gas chromatography on aDelsi 121 instrument

fitted with a CP rnax - 52 CB colunrn (25 nr x 0.25 mrn.) : f.ilm
thickness 0.1 pm with a temperature gradient programnted liom 50 c"
(5 nrin isrithemo) to 22A co at 2 co i min. .[he 

temperatures of the
injector and detector lvcle 24{) co and 255 co. rcspectiveli,. The can'ier
gas lvas nitrogen. The constituents lvere identified b1'cr-r injection oi'
standard substances and conlparison of mass spectra. Our urass spectra

Cata rvere obtained bl,GC/MS using a Sigma300 chrc-rmatograph fiteil
and an HP 5970 300 mass pectrometer. 1'emperaturcs were set as

abor,'e. ASTA (1985i.

rties ofthe sa

Level cf available nutrients:

Soluble ions in paste extract

I

!Iechanical analvsis
Coanc sand 70.75
Fine sand
sitr J.80
Clav 7.40
(laCCr J.50
(Jrsanic matter 0.15
Textural Class Sqndlv

I1

Chemicrl *n*lvsis

),,litrosen in nnm- 2l't

Phosuhorus in onm 6
Potassium in unm 67
Soil reaction folI't 8.I

III
Cations Anions

ti rr{ ar o91
Ca* 0.81 ltco, (l 1<

k- 011 F^_ n !1

!t r)5 t^- ftni



_76_

S.R.ESULTS AND DISCUSSION

3.1. Influence of haruest date on oil percentage
Table (3) indicates that, ihe maximum oii per"cenrages of E.

ciiriodr;ra and E. gontsixtcepliala v,,ere recorded in summe-r sanrples
(5.350 and 3.750 v/r.r..1, respecrivelv tblicried bl spring {2.$A.1.627
r./r,v) and w'inter (2.i60, 1.554 r.i*,). respectivell,. 

-.llhe 
minimal

perceiltagcs of oil rvere (1 .6,i0 and 1.120 1,i * ). in autunrn rc:pectireiy,.
In contrast. the maxirnum oil percentage was obtaineri in spring for E.
ccnrulduiensr.r (j.j00 r',j rv) foliorved bv autunrn. summcr arrdrr inier
t i.866. I .801 and I .543 v,'u). respectilelv. These resul[s siro*,ed that
the oil perceniage obtained during the t-our seasons eiepended on tire
harr,'est tirne lor the three Euca|vptus species. These iesults are in
agreen.ient uith those obrained by Adhikari et at.{1992), shieh and
Shieh (1996). Moudachirou et al., (i999), and Dunlop ,r oi..1ZOOO1.

Table (3;: oil percentages {v/*') obtained try steam distillation during the harvesr
seasors in 200L

E. gampltr.'cepl.tLtla

i.554
l.{t27
3.750
|.12{i

I.5-r.l
, ltr{,
1.801

l.tt66

3.2. Oilcompound percentages at Euccl.vptus species-fhc analytical results are collected in riblel4).In the sum*er
season for E.cin'iodo.ra and, E.gontphoceph*ru and'in the sprin_e
season t^or E. cctmc!dulnsis. the ctrernital coinpositions of the samples*ol three Eut'ult[tttts species shorved that the frincipal .o*puriiion, ofE. citriodtsra \\ere cirr.onelial (71 . 

j09.1). isopuiegol 1i.OO V" and
citronellol (8,60 9,.. The rr:ai, constituents of E. ,{}ntai,Julgrisu *erc l.g
cineole (52.90 9o). alpha pineire (8.j0) 96. p - c),mene (g.4{t) an ant)
Beta - pinene (6.i0t ozo. For E. gontphoceprnrrt. the mairr constitue,ts
r'ere i.8 cineole. P-cymene. all+- aromadendrene, aromadendrene.
giobulol. bcta-pi,cne and alpha- phellandrcne rvith perc,cntages *f
31.20. 15.60, 8.70. 6.60.5.60.5.40 and ,5.i0. rcspectivell,.-J.n*r. iesults
arc in asrL'emenr with Bigncil er nr., {rgg6i. Nruchori er ar.,ilggl'),
Mouduchirou et sl., (rg9g). cha.ichat et ar.. {2t\$a) and Bena_r,ach,: er
rri (200I ).

E. cilriodore

2.36{}
2.83()

5.t 50
i.6,t0



-77-

3.3- Influence of distiliatiun time on exrracted oil'l-he r'oiumes of oirs colrected at rcgular time inte^.als during theextracrion o{'th:'ee Eyctti}ptut specics u.o!ir", in ruuir, tijliil"ir,i,r*cDursc is depieted in {Figure I )" Oilteil Jort.n n urt*Ai1.lxr. jC to qOmin: bey.nd that tirne. further distillatian af]brded only 6 lg !;oincrease of oil. After 30 a,d 45 inin the isoration,ri",,""*'Ju*r ro,rtand 6-5 9/0. respectivelv. I]e,ce, lor industriatr purposr-s a Jistiilationtin-re of 45 i;r 60 rnin, rvourd seeln reasonable or certain!v nt: more trran90 rrin.
For the crls oJ' the three species. ihe percentages of charaoteristie:

Lrorxponents t'aried ividelv betrveen +S and 90 niin distillation tinre(Figure i). Thcse results showed that an oil *t. high quajihl.un lr"obtained if the cxtraction tinre does ,o{ excced 90 rni,. Thcse resultsall in hail;ionr ,,vith Fechiaj el a!., ilgg5). and lr,ioudacltirou er dt!..i l99,JJ.
'l ablc i4): Percentage of rornpountls in oiis of thr"er E*cs!):ptus sprcies frr:ni Er _ I(assasinregion during 2001.2001.

{lompound E. titriodote {. gtmphacephal L. cannlluletsis

nrr seasoE Spring season
0.l6 4.24 8.30
0.!3 2.30
0.5rJ 5..1t, 0.36
t).20 1.zti 0. l0

5.10
0.20 .1.60

2.50 31.20(ilmma terpiB€ne
0.80 2. r0

Citrorellal
15.60 9.40

I.3{r

0.50
7.60

B - caryophllene

Allo
6.60 3,70

Citronelly lacetute
Alpha - temineol
Citrsnellol

1.00

8 6li

8.7s

_:_
:".90

_qiq
_:_
3"80

Glotruiol
5.60 .1"20

l'otnt p"rc"nirgei--=-
Lin!ucntifi rd Comrrounds

97.JG

2.70
95.90
+.10

97.00
3.00
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t.=trac e

3.-{. EfTect of distillation time on the main cornponents of oils
Tables i6. l.8i and Figules (.2. -7,4) indicatethealnoulttsoi'

rnairr ce'rinironents in oi1 fracticrr at time intervals during distillation of
E. cin'iodat'cl anC E. gtintpho'-'i'plta/tt in tire sumnier season ard c!urinq
---;,.^ i--,. t- ,,,. ./ I:,,i.,i,..:r irr rL- rhr.pn F,,,.4lt,ntttt snce ies O{l 02," nl')ylllr\ LUr L. L4'/'L.rsdr!,..,... rir iii! liii:-L LarLii-i j,:it.t JiJi!:!J ..'_t

the isolated oils irere cDtained aftei one-hour di-stillati,-)n. Atlonger
isolation trmes iurthur quantities of oils collected Lreeame negligible
and the main constitucnts iell dorin sienif]canth

I'he ciifferencc in chetnrcai cornposilion and oil conteni bctween
Eucull'ptus spccies might be Cue t,.i ihe pir-. sioloeical changcs
associated *iiir leaf nratuialion. The extent c,f ihesc changes depenried
on the interaction bet*'ecn genon'pc ard environmentai conditions.
Altirougir geilotlpic variation was qreat. there rvas detcctable var:iation
attributable to site" season and r,ear. There r.vas a rclationship beill'een
seasr:nal patterrls and climatic tactors. Part r:f the erbservcd rariation in
oil content x-ith time u.as attributed to variability in ieairnaturir-v-. The
relative superioriqv in oil yielding capacitr of ceftain individualtrees
was maintaincd throughout. despite substan{ial variation lrom non-
genetic sources. This consistenc-v in ranking i-c of' adlantage ro trce
breeders rvisliing to niakc selections amongst piantations of ciifferinq
age" on diflirent sites and at dillerent tiines of the ),ear'. Ilouerer. e\r-n
*ith carelul sarnpling corrtrols. absolute r aiue-< u ill r an substarrtia[]r
and prugent'testing rviil b* necessar'\ to firither assess tire potr'ntiai .ri
tiie initial selections: IJoran and Bc-il ( 19t)-i t.

'able (5): E.rtracted 6!l {v/w) a4d d - q'l (\i\r_L!! affected b1 tim of distillation in 2001

Time (urin) E. citriodora E. i,-, iri r, i t o c c p lt al tt E. cunruldulensis

oil
(ni l.)

o- oil oil
(ml.)

d- oil oil
fml.)

6 0;r

t5 1.0 j.1) 0.8 0.8 0"5 0.s

JU 2.3 I .-1 1.8 1.0 1.5 0.9
AJ

.AJ.+ 1.1 2.5 4.1 2.2 a.7
50 4.3 0.9 3.1 0.6 2.1 u.5
g0 .1.9 06 3.5 3.0 0.3
1ln 5.: U.r 3.7 4.2 3.2 0.2

2i0 5.4 0.1 38 0.1 ).-J 0.1

3i0 5.-1 t. 1.8 i. J.i t

Total 5.1 3.8 -') . -')

t
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Table (6): Main components yo otrtained at different times during
oil distillatian of E citriodora (summer season ?ool).

Table (7): &Iain compone,ts 7o obtained at different times during oil
distillation *t E. <'tix;riharpnhnln ferrmmor (a'6^h aArlr\ti tion *fE. gomphocephala

Time (nrrn)
Main ccmponents ?ir

1,8 cineoie P- ct inene
Alio -

aronradenclrene

i5 41.2 1r3.2 ,1.8
30 36.2 r 8.5 9.7
45 25.4 il3 15.5
ot-l i 7,5 8.6 1C.8
90 8.9 4.4 6.i
120 4-/ 3.1 4.3
lln 3.t 2.A :.4
J)\t 3.C 0.6 1.8

Table (8); illain components 7o obtaineil at different times during oil disriilation
af E. catnaiuuicri^cl,r {sprifiE oeriod 2{}0t}_

Time (min)
cfinodora \svrylner season 2001

Msin eomponenh %--
Citr
onell
.,t

Isopulegol Citronellol

l)
30
15
60
9{.}
t1n

2t0
"r30

71.0
77.7
78.2
52.1
r 3.8

5.:
i.{
I.t

5.6
5"i
4.8
3.9
2. 1

r.3
1.2

0.6

i.8
3.0
-+.5

10
1).6

(.1.3

(,t.:

CA 200I

limc {n:in)
Main components 04

1.8 cineole Alpha pinene P c., rnene

l5 46.5 4.5 +.:
30 41.2 i r.0 92ta+J 30.5 I +.l i2
6{) 2t) 2 19.0 6.0
9{) 9.0 10. i 4.4

21(') 3.1 35 1.3
-J JIi 2,+ 2.2 1.0
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0.6

0.4

4.2

r

$0
'[ime (min.)

| + E- citriodora +- E gomphocephata . -E im-atdu;r.b 
- 

-L___

Fig. (1): Extracted oil in mU tri min. during distillation .

15 30 45 60 90 1n 219

Time {min}

@ - -'lsopuregol -- citr.*il.i

Fig, {2): Main cornponcnts %" chtained *t diff,erent tinres ilurirrg oil distiilrrilrr
of L. cilrir;ilorrr (suntnlur season 2001)"
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E ,,^
o -r,

1,,

15
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^45;e 40
Eeso30
E25
9 2A' H.rs
E10Or. od

60 90

Time {min}

rig.(3) ; tsIain components y" in oir fraction of E. gamphocephalaobtained at time
intervals during steam distillation (sumrner season2OOI).

Fig.(4): Main components '% in oil fraction of E. canttrlr{ulcr.sr.r obtained at
tirne interv'ars during steam cristiil:rtion (spring seasoil 200I).

50
G459ao
E33'6 25
920
tr lc
5 too5

0

--+-1'8 cineore --**p- cymene --*--Ailo - aromaoenorene

60 g0

Time {min}
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