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Abstract

The seeds of three Eucalyptus species (Myrtaceae) (Origin: Australia), including:, Eucalyptus loxophleba Benth.,
Eucalyptus microtheca F.Muell. and Eucalyptus largiflorens F.Muell. were cultivated in 1993-1994 at two research
stations (Shushtar and Dezful) in Khuzistan province (western south region of Iran) and a research station (Kashan)
in Isfahan province (Central region of Iran). These species have good adaptability to climatic condition of this area
(dry warm). The leaves of these species were collected in middle of the four seasons (spring, summer, autumn and
winter) at two consecutive years, in order to find out the best harvesting time with the highest oil yield and 1,8-
cineole percentage. After drying the plant materials in shade, their essential oils were obtained by hydro-distillation.
The oils were analyzed by GC and GC/MS devises. The results showed that the harvesting time had significant
effects on oil yield and 1,8-cineole content of the Eucalyptus species. The main components of the harvested oils
consisted of 1,8-cineole and a-pinene. The highest oil yields of E. loxophleba Benth. in all localities were obtained
from the samples collected in autumn and winter. The highest percentage of 1,8-cineole for Dezful site was extracted
from the winter (70.2%) and autumn (63.2%) samples, For Kashan sits, was extracted from the winter (55.5%) and
spring (58.1%) samples and for Shushtar site, was extracted from the summer samples (53.6 and 49.6%). The highest
oil yield of E. microtheca F.Muell. was obtained in spring from Dezful and Shushtar localities and in autumn from
Kashan locality. For both Shushtar and Dezful sites, the highest percentage of 1,8-cineole was obtained in winter and
summer samples whereas for Kashan site, was obtained in summer samples. The highest oil yield of E. largiflorens
F.Muell. was obtained in autumn and winter for Dezful and Shushtar samples and summer for Kashan samples. The
highest percentage of 1,8-cineole was extracted in summer and winter for Shushtar samples, in spring and winter for
Dezful samples and winter for Kashan samples.

Key words: Eucalyptus loxophleba Benth., Eucalyptus microtheca F.Muell., Eucalyptus largiflorens F.Muell.,
season.

Introduction

There are over 700 different species of Eucalyptus in
the world, of which at least 500 produce a type of
essential oil. The leaves and oils of many Eucalyptus
species are especially used for respiratory ailments
such as bronchitis and croup [1-8], and the dried
leaves are smoked like tobacco for asthma in some
countries. Some of the Eucalyptus species are also
used for feverish conditions (malaria, typhoid,
cholera, etc.) and skin problems like burns, ulcers and

wounds. Aqueous extracts are used for aching joints,
bacterial dysentery, ringworms, tuberculosis, etc. and
employed for similar reasons in western and eastern
medicine. Some of the Eucalyptus oils and their main
component (1,8-cineole) are largely employed in the
preparation of liniments, inhalants, cough syrups,
ointments, toothpaste and pharmaceutical flavorings
also used in veterinary practice and dentistry.
Eucalyptus oils are also used as fragrance component
in soaps, detergents and toiletries, little used in
perfumes. The oils of Eucalyptus species have also
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antioxidant properties [7] and anti-inflammatory
effects [9].

Literature search showed several examples of
variation in the essential oil content and composition
of some Eucalyptus species at different seasons.
Ammon and coworkers reported that there was a
general decrease in the percentage of cineole in the
oils of E. polybractea and E. viridis during the winter
months [9].

The effect of harvesting period on the oil production
was examined on five Eucalyptus species (E.
camaldulensis, E. globulus, E. globulus ssp.
Maidenii, E. melliodora and E. bosistoana) of
Moroccan origin. For some species oil yield seemed
to depend on the harvesting season. The 1,8-cineole
content of the oils also varied during the year [19].
Study of seasonal variation in the composition of
essential oil of E. camaldulensis in Pakistan showed
that the major compound was 1,8-cineole (47.7-
52.6%). The oil yield was minimum in Apr. (0.97%)
and maximum in Oct. (1.25%) [10].

Seasonal variation in the volatile leaf oils of
individual trees of E. ovata and E. camphora was
investigated. The trees sampled included several
chemical  forms, and individuals  varied
characteristically and differently over the sampling
period. Variation is best explained by a leaf ageing
effect rather than a strictly seasonal effect. Individual
trees were readily distinguished in spite of the
observed variation and with appropriate sampling;
chemosystematic studies should not be affected [11].

Study of seasonal variation in the volatile oil and 1,8-
cineole content of three Eucalyptus species in Iran (E.
porosa, E. leucoxylon and E. camaldulensis) showed
that, for obtaining the 1,8-cineole rich oil from E.
porosa leaves, the best harvesting time is spring,
while for E. leucoxylon and E. camaldulensis var.
obtusa autumn and winter are the best times in
Shushtar and Dezful, respectively [12].

Here are many other references about changes in the
oil content and composition of Eucalyptus species in
different countries [13-16].

In change, researches carried on by Brooker and
coworkers showed that seasonal variation in cineole
production of E. kochii and E. plenissima was only
slight, meaning that time of harvesting was not
important, although in plantations it might need to be
done at the optimum time for regeneration®. So for,
finding the best harvesting time to obtain more
quantity and quality of the oil (more oil yield and
higher percentage of cineole), study of these
variations is necessary.

In this paper, we will examine the seasonal changes
in the volatile oil and cineole content of three
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cultivated and adapted Eucalyptus species: E.
loxophleba Benth., E. microtheca F.Muell and E.
largiflorens F.Muell from central and western south
region of Iran.

Materials and Methods

Plant material

The seeds of some Eucalyptus species (Origin:
Australia) were cultivated in the years 1993-1994 in
three research stations: Shushtar and Dezful in
Khuzistan province (in the west south of Iran) and
Kashan in Isfahan province (Center of Iran). These
species have good adaptability to the climatic
condition of this area (dry warm). Fresh leaves of the
three adapted Eucalyptus species were collected in
middle of spring, summer, autumn and winter, during
two consecutive years (2005-2006). The voucher
specimens have been deposited in the national
herbarium of Iran (TARI).

Oil extraction

Air-dried leaves of all samples were subjected to
hydro-distillation for 2.5 h using a Clevenger-type
apparatus. The oils separated from water, dried over
anhydrous sodium sulfate and stored in sealed vials at
low temperature before analysis.

GC and GC/MS analysis

GC analysis was performed, using a Shimadzu GC-
9A gas chromatograph equipped with a DB-5 fused
silica column (30 m x 0.25 mm i.d., film thickness
0.25 pum). Oven temperature was held at 40°C for 5
min and then programmed to 280°C at a rate of
4°C/min. Injector and detector (FID) temperature was
290°C; helium was used as carrier gas with a linear
velocity of 32 cm/s. The percentage of the
compounds was calculated by the area hormalization
method, without considering response factors.
GC-MS analyses was made by a Varian 3400 GC-MS
system equipped with a DB-5 fused silica column (30
m x 0.25 mm i.d.) and its characteristics were as
follows: oven temperature was 40°C to 250°C at a
rate of 4°C/min, transfer line temperature 260°C,
carrier gas helium with a linear velocity of 31.5 cm/s,
split ratio 1/60, lonization energy 70 eV; scan time 1
s and mass range of 40-300 amu. Oil components
were identified by comparison of their mass spectra
with those of a computer library or with authentic
compounds and confirmed by comparison of their
retention indices either with those of authentic
compounds or with data published in the literature
[17-18]. The retention indices were calculated for all
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volatile constituents using a homologous series of n-
alkanes [19].

Results and Discussion

The oils of E. loxophleba Benth., E. microtheca and
E. largiflorens were found to be pale yellow liquids.
The oil yields of each species are shown in Tablel
and Figures1-3. The highest oil vyields of E.
loxophleba in all localities were extracted from the
autumn and winter samples. The highest oil yields of
E. microtheca were obtained from the spring samples
for Dezful and Shushtar sites and from the autumn
samples for Kashan site.

2003
2006
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Winter

Winter

Winter
Autumnn
Swummer
Autumn
Summer
Autumnn
Swmmer

Shushtar

Fig 1 Essential oil yields of E. loxophleba Benth. in three
locations and at four seasons
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Fig 2 Essential oil yields of E. microtheca F.Muell. in
three locations and at four seasons

The highest oil yields of E. largiflorens were obtained
from the autumn and winter samples for Dezful and
Shushtar sites and from the summer samples for
Kashan site. Thirty-five components were identified
in the oils of E. loxophleba. The major components
were 1,8-cineole and o-pinene during two
consecutive years and at all of the harvesting times.
The chemical compositions of the oil of E.
loxophleba at the three studied sits are presented in
Table 2. The components are listed in order of their
elution on the DB-5 column. As shown in Table 2,
the high amount of 1,8-cineole in Shushtar was at
summer during two consecutive years. Although, the
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oil yields were obtained at autumn, but the quality of
essential oils was maximum at summer during two
consecutive years. The high amount of 1,8-cineole in
Dezful was at winter at the first studying year,
whereas it was the highest at autumn and winter
respectively, at the next year. The high amount of
1,8-cineole in Kashan was at winter summer
respectively at the first year, whereas it was the
highest at spring in the next year. Our research
during the two consecutive years showed that to
identify the best harvesting season in order to obtain a
highest percentage of essential oil with a highest
content of 1,8-cineole from E. loxophleba leaves, in
Shushtar and Kashan sites, needs enough
investigation for certain declare, whereas for Dezful
site, the best harvesting time was winter .

Thirty-four compounds were identified in the oil of E.
microtheca during the two consecutive years. The
main components were 1,8-cineole and a-pinene and
at the harvesting seasons. The chemical composition
of the oil of E. microtheca is presented in Table3. The
components are listed in order of their elution on the
DB-5 column. As shown in Table 3, the highest
amount of 1,8-cineole in Shushtar site was measured
at winter and autumn seasons respectively at the first
year of trial, whereas it was the highest at summer for
the next year. The percentage of 1,8-cineole was low
in Shushter site. The highest amount of 1,8-cineole in
Dezful site was measured at summer for the first year
of the trial and it was the highest at winter for the
next year. The highest amount of 1,8-cineole in
Kashan site was at summer and then winter for the
first year of the trial, whereas it was the highest at
summer and spring respectively for the next year. Our
findings after the two consecutive years showed that
to obtain the highest percentage of essential oil with
high content of 1,8-cineole from the leaves of E.
microtheca it couldn’t suggest special time certainly
for Shushtar site, but for Dezful site it needs enough
investigation for certain declare due to high variation
in the quality of essential oils during the two
consecutive years and for Kashan site the best
harvesting season was summer (Fig 2).

Thirty-four components were identified in the oil of
E. largiflorens. The main components were 1,8-
cineole and a-pinene during the two consecutive
years and at all of the harvesting seasons. The
chemical components of the oil of E. largiflorens are
presented in Table4. The components are listed in
order of their elution on the DB-5 column. As shown
in Table 4, the highest amount of 1,8-cinecle in
Shushtar site was found at summer at the first year of
the trial and it was the highest in winter at the next
year.



Journal of Medicinal Plants and By-products (2012) 2: 117-131 120

Table 1 Qil yields of three Eucalyptus species at different seasons.

0il Yield (%) 0il Yield (%) 0il Yield (%)
Shushtar Dezful Kashan
“ 2005 2006 2005 2006 2005 2006
(5]
‘5
(5]
& o 5 = = . 5 c = . 5 c = . 5 c = - 5 c = . 5 c =
= = S = = = S 2 = = E | & = = S 2 = = E | & = £ E 2
s £ 2 S 5 £ 2 £ 5 £ 2 S 5 £ 2 S S £ 2 £ 5 £ 2 £
& 3 3 2 & 3 - 2 & 3 3 |2 & 3 3 2 & 3 3 |2 & 3 3 2

Ei%?gﬁ:g; 223 | 095 | 308 | 228 210 | 116 | 273 | 253 }J| 246 | 191 | 537 | 286 284 | 1.20 | 515 | 3.71 jf 1.10 | 2.00 | 2.33 | 2.70 0.9 191 | 331 3.50

Efgg%’ﬁ;‘c‘; 063 | 051 | 037 | 055 074 | 053 | 043 | 062 | 114 | 037 | 034 | 037 050 | 018 | 018 | 0.16 §| 0.40 | 152 | 1.98 | 043 055 | 094 | 1.02 057
Eucalyptus 13 | 16 | 22 | 28 14 | 16 | 16 | 1.8 fl 12 | 08 | 212 | 13 12 | 08 | 23 | 14 B 122 | 147 | 140 | 114 121 | 224 | 128 112

largiflorens
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Table 2 Variation in the essential oil components of Eucalyptus loxophleba in different seasons.

Sefidkon et al.

Shushtar Dezful Kashan
2005 2006 2005 2006 2005 2006
. =)
2 S
| £
& 5 2 |8 |E |8 2 |& |E |=& 2 |2 Elg 2 |8 |E |g |2 | 8| E|= 2| 2| E |8
= £ 2 = = S 2 £ =4 £ 2 | E = = E E = = Z | E = = Z | E
& 3 3 2 » 3 3 = ) 3 z |2 7 3 z 2 ) 3 3 |2 ) 3 2|2
1 Isopentyl - - - - - - - 04 03 - - - - - - - - - - - - -
acetate
2 no name 20.5 - 20.7 11.8 29.1 - 24.5 18.7 25.7 26.0 314 2.3 25.9 25.4 124 | 255 - - - - - - -
3 '?Ope“ty' - - - - - - - - - - - - - - fosa |06 | - - 03| 03] 09 | 04
ormate
4 5-hydroxy - - - - - - - - - - - - - - Ml 286 | 123 | 183 | 82 180 | 143 | 256 | 272
pentanal
5 tricyclene - - - - - - - - - - - - - - - - - 0.2 - - 05 | 05
6 a-pinene 97 | 58 | 106 | 113 199 | 98 | 114 | 33 41 47 6.7 - 39 9.6 04 | 15§ 18 | 77 | 52 | 104 91 | 63 | 53 12
7 f3-pinene - 0.1 - - 0.3 0.1 0.2 - - - - - - - - - - - - 1.0 - - -
8 myrcene - 0.2 - - - 0.2 - - - - - - - - - - - - - 0.2 - - -
o
9 phellandren - 2.7 - - 0.2 25 0.2 - - - - - - 0.3 0.4 - - - - - 0.6 - - -
e
10 p-cymene 9.0 6.0 1.3 0.6 t 6.2 0.1 0.6 - 0.4 - - - 0.2 2.2 0.4 0.7 25 1 35 4.7 1.3 0.7 0.8
11 limonene 1.9 1,8 - 1.4 - 1,8 - - - 0.4 - - - - 2.4 - 0.3 2.4 - - 1.0 1.2 0.7 1.1
12 1,8-cineole 398 | 53.6 | 340 | 494 26.2 49.6 35.6 39.9 49.4 44,0 | 40.2 70.2 48.0 45.1 63.2 | 61.8 § 33.5 48.0 | 396 | 555 581 | 283 | 254 | 24.1
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Table 2 (Continue)
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Shushtar Dezful Kashan
2005 2006 2005 2006 2005 2006
. =)
2 2
~ o
g g 5 | |5 5 s | 5 s |5 5 s | 5 | = |5 5 | = |5
o (&} 2 £ IS 2 2 = S ] 2 = £ ] 2 £ £ ] 2 £ S 2 2 £ S i)
= € E] £ = g E] £ = £ Z2 | E = £ E| £ = £ 2 | E = S Z2 | E
& 3 3 2 » 3 3 2 ) 3 z |2 7 3 z 2 ) 3 3 |2 ) 3 2|2
y-terpinene 0.6
13 - 0.4 - - 0.1 0.4 0.1 - - 0.1 0.5 0.1 0.1 0.3 0.3 - 0.2 - - - 0.2 - -
14 terpinolene - - 0.5 0.7 - - - - - - - - - - - - - - - - - - -
15 | Isopentyl - 03 | - 04 01 | 03 | 02 - - - - - - - - - 0.2 - - 0.2 - - -
isovalerate
Trans
16 . 49 36 | 1.6 35 25 3.4 3.0 45 2.0 2.4 05 4.4 22 0.2 5.9 28 3 3.2 3 25 1.1 2.2 15 2.8
pinocarveol
17 pinocarvone 11 0.9 - 0.9 0.4 0.8 0.6 1.0 0.5 0.5 - 0.9 0.4 0.5 1.2 0.6 0.8 1.0 0.8 0.9 0.4 2.2 0.5 0.8
18 borneol - 05 - - - 0.7 0.2 - - - - - - - - - - - - - - - -
19 Terp'cr)‘le”"'" - 13 | - - 02 | 14 | 02 - - 0.1 - - 04 | 05 | 08 - 07 | 06 - - 05 - - -
20 a-terpineol - 0.4 - - 0.1 0.5 0.1 - - 0.2 - - 0.1 0.1 05 - - - - - - - - -
21 a-terpinyl X i X i i ) ) . . . . X X X i 02 X 1.2 . i X i
acetate
22 | o-gurjunene | - - - - - - - - - - - - - - 4.9 - - - - 0.8 - -
E-
23 caryophylle - 0.2 8.7 - - 0.2 0.2 0.3 - - - - - - - - 0.2 - - - 0.7 -
ne
24 a-guaiene 55 06 | 1.2 48 6.7 0.5 5.6 1.1 33 4.6 5.9 4.2 3.1 4.9 25 15 - 49 | 105 | 5.0 12 | 128 | 144 | 65
Allo-
25 aromadendr 0.9 0.1 1.3 0.7 0.8 0.1 0.7 0.3 - - 11 0.6 0.4 0.8 0.5 0.1 - 0.9 1.3 0.9 - 2 17 1.0
ene
26 | viridiflorene | - - - - - - - - - - - - - - - - - 0.3 - - - 2.3 - -
27 B-selinene - - - - - - - - - - - - - - - - - 0.9 - - - 0.4 - -
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Table 2 (Continue)
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Shushtar Dezful Kashan
2005 2006 2005 2006 2005 2006
. =]
g g
3 3
& |3 |3 = & 3 3 = & 3 z |2 & 3 z = & 3 2|2 a | 3 Z |2
bicyclogerm
28 acrene - 0.4 1,8 - - 0.4 - - - - 14 0.2 - 12 0.5 0.1 - - - - - - - -
29 spathulenol 1.0 06 | 13 12 04 0.6 0.3 22 - 0.2 - 12 0.8 0.5 0.4 0.2 2 0.9 - 27 - 13 - -
30 globulol - 4.0 7.1 7.7 4.5 3.8 5.7 0.8 4.7 4.3 34 6.5 5.1 2.9 1,8 25 0.8 51 10.5 6.0 0.6 9.9 11.2 | 145
31 viridiflorol 34 1.1 1.9 1.7 1.0 13 0.3 - 1.0 0.5 1.1 0.6 1.0 0.8 2.0 0.3 115 t 22 1.7 t 21 3 31
32 y-eudesmol 1.9 0.6 1.0 0.6 0.5 0.7 0.5 0.3 3.6 0.1 0.1 0.5 0.2 0.4 - 0.1 0.9 0.1 0.7 - - 2.6 13 -
33 B-eudesmol 4.4 0.2 17 2.2 0.5 0.2 1.2 0.5 18 1.9 1.9 0.4 0.4 2.0 17 1.6 - 0.5 35 - - 3.8 - 6.9
34 a-eudesmol 2.4 0.2 21 1.0 0.8 0.2 3.3 0.5 - 0.1 2.0 3.1 4.8 15 - - 3.2 0.4 - 11 - 34 15 2.3
35 Cyclocolore ) ) ) ) ) ) ) 08 ) ) ) ) ) ) ) ) ) ) ) ) ) ) )
none
Total 99.7 | 848 | 99.1 100 94.3 85.7 94.2 74 99.1 90.8 | 97.3 | 95.2 97.7 96.6 100 99 933 | 929 | 966 | 996 971 | 924 | 944 | 95.2

RI = Retention indices in elution order from DB-5 column
t = trace = less than 0.05%
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Table 3 Variation in the essential oil components of Eucalyptus microtheca in different seasons.
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Shushtar Dezful Kashan
2005 2006 2005 2006 2005 2006
) ke
S 2
& Q.
é‘é g > ) g = > S g 5 o S g 5 o S g 5 o 5] g 5 o > g =
o |£ |E |2 |E £ |E |2 | |t |E S |E £ |E |2 |E |z E| 2 |E S| E| 2 |E
& a3 |2 2 & |3 3 |2 = 3|3 & |3 z |2 & 3 3|3 &l 3| |2
1 ol 0.4 0.2 - 1.3 0.1 - 0.3 0.3 - 0.1 - - - 1.6 - - 0.4 - 0.1 - - - 0.5 -
thujene
2 | a-pinene | 125 | 141 | 6.0 | 114 163 | 186 | 20.1 | 186 |{ 120 | 1565 | 0.6 | 11.2 102 | 146 | 0.2 | 106 §[ 107 | 7.4 | 103 | 11.4 194 112 9.2 | 10.3
3 Camshe” 02 | 03 | - - 01| 04 |04 | o8] - - - - - - - - - - - - - - - -
4 B-pinene 6.0 5.2 2.9 2.2 9.3 10.0 9.0 7.3 - 0.8 0.3 0.5 - 0.7 0.2 0.3 105 | 0.2 7.1 2.2 5.6 32 | 163 | 3.2
5 | myrcene | 05 | 04 | - 0.3 - 05 | 06 |05 - | 06 - - - - - | o2fo6 | 02|01 - 04 | 03|07 | -
o-
6 | phellandr | 7.8 | 2.8 | - 04 04| 12 | 37 |29 71 - - o5 68| 07| - |02f 73 - 05 | 04 09 | 2 | 32 06
ene
7 & 05 | 01 | - - - - 0.3 - - - - - - - - - - - - - - - - -
terpinene
8 cyrrr)1-ene 14.8 7.9 | 120 9.5 11.4 t 198 | 229 §( 204 | 0.4 59 | 204 174 | 16.7 7.9 11 12.4 2.8 126 | 12.6 3.5 3.8 | 104 | 104
9 | limonene | 46 | 2.7 | 1.2 | 3.9 - - - - 32 | 60 | 02 | - 32 | - 02 | - fla2 | 28| 01|22 22 |27]|36]| 3
10 Ciﬁ'es(;le 26.7 | 345 | 480 | 521 243 | 422 | 235 | 230 |/ 169 | 634 | 253 | 215 218 | 41.1 | 193 | 75.4 || 34.0 | 575 | 244 | 453 534 55' 30.3 | 474
11 Z-p- 03 | 05 | - - 6.5 - 01 | 11 | - - - - - - - - - - - - - - - -
ocimene
12 v 2.1 3.7 2.9 1.2 4.0 2.1 6.5 0.4 - 0.3 2.1 0.2 - 17 2.1 0.2 1.2 0.4 1.6 1.2 - 0.9 1.6 1.6
terplnene
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Table 3 (Continue)
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Shushtar Dezful Kashan
2005 2006 2005 2006 2005 2006
. o]
s 2
% g- f f— f— f— p p
& S 2 |g |E |& 2 |2 |E |8 |l2 |¢g Elg 2 |g |E |g |2 g | E |8 2| 2| E |8
© s = 2 £ = I 2 £ = I 2 | £ = £ =2 i= = £ 2 | £ = £ 2 | £
& |2 |2 2 & |3 3 |2 = 3|2 » 3 3 |2 » = 3|2 a3 2|2
terpinole
13 pne 0.7 - - 0.4 0.6 0.2 0.4 1.3 - 1.0 5.1 0.2 - 0.6 7.1 0.2 - - - - - -
Isopentyl
14 isovalera 0.2 0.6 0.6 0.5 - 1.0 0.8 0.4 - - - - - - - - - - - - - - - -
te
15 | EMdo- oo | L la3 | - 10| 04 |04 |s1] - - - - - - - - - - - - - - - -
fenchol
Cis-P-
16 | menth-2- | 03 - - - - 0.1 - . - - - - - - - - - - - - - - - -
en-1-ol
Trans
17 pinocarv 1.9 3.8 6.7 1.9 - 2.0 1,8 2.8 1,8 0.9 5.6 8.4 19 11 6.6 15 1.6 35 1.6 3.2 1,8 15 0.8 3.7
eol
18 p'”oonce‘""“’ 07 | 11|34 | 08 11|02 |07 |07l - |o2]07|29 - |03 |o08|o05f07|12|10]|15 08|05 - |17
19 Borneol 0.4 0.4 15 - - 0.9 0.5 17 - - - - - - - - - - - - - - - -
Terpinen
20 40l 3.2 2.0 2.2 1.4 - 0.3 2.3 1.0 2.9 1.4 2.2 0.9 2.7 4.0 2.2 0.7 1,8 0.7 15 1.3 0.5 0.9 2.3 15
21 cryptone - - - - - - - - - - - - - - - - - - 0.2 - - 1 0.1 -
22 o 1,8 0.3 2.4 1.2 - 3.1 2.1 0.6 - 0.8 0.4 0.5 - 0.7 0.4 0.7 2.1 0.5 2.9 14 0.8 - 1,8 1.2
terpineol
23 myrtenal 0.6 2.1 - - 3.1 2.5 0.2 1.2 - - - - - - - - - - - - - - - -
a-
24 terpinyl - - - - - - - - 2.3 - 1.3 0.6 2.4 0.9 1.3 0.1 - - - - - - - -
acetate
25 gu;;zne 1.2 1.7 4.1 2.2 2.3 2.3 1.1 1,8 4.8 0.7 16.5 4.5 3.6 35 14.3 0.5 15 4.4 0.3 11 3.4 - 2.8 1.2
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Table 3 (Continue)
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Shushtar Dezful Kashan
2005 2006 2005 2006 2005 2006
. o)
= 3
~ S
é‘é g =)} S E 5 o)) S g 5 o S g 5 o ] g 5 o 5] g 5 o > g =
o = |E |5 |E € |E |53 |E | |E S|E = |E |5 | |z E| 5 |E s | E| 5 |E
= 3 = & |3 3 = = 3|2 a |3 3 = & = 3|2 a3 2|2
Allo- R
26 | aromade | 05 | 03| - | 08 14| 04 |02 | 04l - |o02]| 16|21 - |05 | 16| - . -5 | - o6 ; -
ndrene
27 V"L‘:]'g'or 03 | 03 | - 07 08| 06 |01 | 03fl - - - - - - - - - ; - - - - - -
bicyclog
28 ermacren - - - - - - - - 7.0 0.2 1,8 - 6.8 - 1,8 - - - - - 1.3 - - -
e
29 Spat;‘f'e” 04 | 02 | - 24 06| 02 | 27 |17l 72| 14|37 |74 78|60 | 27| 130 11] 5 | 03|16 05| 41|30/ 14
30 | globulol | 46 | 38 | 42 | 33 - | 38 | 04 | 02 Q121 | 02 |165| 72 106| 11 | 171 | 13 |52 | 13| 78 | 81 27 | 11| 45 | 56
31 V'”g:ﬂ“ 08 | 05 | - 06 06| 06 | 02 | - . - | 22l08 - 03| 21| - ll10]| 06|06 - - o5 | 12| -
32 p- 08 | 03 | - - 09| 04 |02 03] - - lo5 |05 - | 03|06/ - . . ; ; ; ; . -
eudesmol
33 o 09 | 03| - | 06 24 04 . - - - . . ; ; - - . . ; ; ; ; . ;
eudesmol
34 o - - - - - - - - - - ; - - - - - fos | - ; ; - - 10| -
cadinol
Total 959 | 90.1 | 99.4 | 991 872 | 944 | 984 | 973 ) 981 | 941 | 925 | 90.3 99.8 | 96.4 | 885 | 948 | 962 | 885 | 845 | 935 9758 9; | 933 | 92.8

RI = Retention indices in elution order from DB-5 column
t = trace = less than 0.05%
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Table 4 Variation in the essential oil components of Eucalyptus largiflorens in different seasons.

Sefidkon et al.

Shushtar Dezful Kashan
2005 2006 2005 2006 2005 2006
X ke}
= 3
% g - - . . - L
& S 2 |g |E |lg 2 |g |E |8 |2 |¢g E |z 2 (¢ |E |8 |l2 | &g| E |z 2| &€| E| &
© = |g |2 |E <= |g |2 | = |& 2 | = E |2 |E | = g 2 | E = E | 2 | E
& |3 3 = & |3 3 |3 & |3 3 |2 & 3 3 |3 & 3 3 |2 & | 3 2|2
1 o- - - 1907 - |o0o5|19| 10804 04| 20 |06 13 |12|05| 03003 03| 03 - 04 | 06 | 08 -
thujene
2 piﬁe}]e 43 |210| 77|70 37| 73|61 |50f040| 68| 53 |73 50 | 79| 55| 48§ 24 |121| 126 | 184 83 |105| 46 | 102
3 | sabinene | - - l11] - 02| - o8| o504 01| 09 - - - 10| 02003 ]| 07| 04 - 02 | 06 | 07 -
4 |p-pinene| - | 08| 53|07 14| 21|22 |05 42 126| 68 |133 115 |138|104| 86 02 | 08 | 05 - 09 | 06| 06 | 12
5 | myrcere | - | 03| 18|07 05| 06|19 | 08ffo6| 04| 08 |04 11 [09]| - |02f03] o009 - - 04 | 06 | - -
g | ophella) - (3217 12|12 |59 |170lo9 04| 06 |18 17 |06 04| - Ni5| 17| o7 . 09 | 2 . -
ndrene
7 ol ; . - - - - - - Yl oa | 20 - 01 03 - - 102002 08 - - . - . -
terplnene
8 Cyr'f];ne 45 | 06 | 16 | 54 - | 05|09 |870ls58|69| 90 |18 04 | 37 |128| 1110274 96 | 131 | 102 114 | 58 | 224 | 81
9 limonene | 3.3 1,8 18 | 13.1 - - - - 2.1 - 9.2 - - - - - 6.5 - 2.2 1.7 - 1.6 3.7 -
10 cilr'lgg)l 455 | 584 | 49.0 | 533 595 | 651|558 | 6620530270 | 482 |387 534 |535|504 |591)375]|41.3| 467 | 509 638 | 642 | 36.0 | 658
11 v - 02|15 08 09| 03| 16| 04} o08] 04 - 37 07 | 03|02 02004|07] 05| 35 03 |04] 04 -
terpinene
12 terpr:go'e - - - - - 03| 10| o07fo08 |03 - - 03 | 02|02 ]01f03] 08 - - - - - -
13 thujone 0.2
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Table 4 (Continue)
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Shushtar Dezful Kashan
2005 2006 2005 2006 2005 2006
X ke}
= 3
X Q.
§ g o ] g 5 o ] g 5 o)) ] g 5 > ] g 5 o)) S g 5 =) > g =
S £ |E |2 |E £ |E |2 |E | |E s | £ |E |2 |E | | E| 2 |E £ E| 32 |E
& |3 3 = & |3 3 |3 & |3 3 |2 & 3 3 |3 & 3 3 |2 & | 3 2|2
Cis-p- -
14 | Menth-2- | - - - - - - - - - - - - - - - - 1 |02 - - - 11 -
en-1-ol
.
15 | camphol | - - - - - - - - - - - - - - - - - - - - 13 | 1.8 | - 5.4
enal
Trans-
16 | pinocarv | 14 | 48 | 1.3 | 11 29 | 17 |06 | 230 17 | 44| 13 |33 18 |17 | 24| 24 - . - - 13 | 18| - 5.4
eol
Trans-p-
17 | menth-2- | - - - - - . - - - - - - . - - Sl ] 12| 29 - - - | 13 -
en-1-ol
18 p'”ooncear" - 140324 - | 2732|3305 15 - 14 05 |07 ]o02]|11f - - | 09 . 05 | 05 | - 2.4
terpinen-
19 s 16| - | 41| - 5434|129 |07031]27| 29 |31 30 |29 |06 | 13036 19| 19 | 14 23 | 14| 46| 10
20 | cryptone | 27 | 03 | 38| - 04 |08 | 08| 06026 |81 31 |76 40 |48 |24 |37 - - 39 | 25 24 | - . -
neo
21 | isoverbe | - - - - - - - - - - - - - - - - o1 os - - - - 9 37
nol
22 tergir;eol 1005|213 - 12|09 |04 |o0sf)18|15| 120 |37 10 |07 |05 |0o5025|03]| 08 | 06 04 |07 ]| 08| 08
23 | Myrenol | - . - ; - ; - -l 10| 48 ; 04 03 | 10|37 |14l - - ; - ; ; . -
24 C‘g}‘)‘/gae'd 09 |01 |11| - 10|05 |04 | 03008 24| 20 |20 11 |12] 14| 08f36 | 21| 16 | 12 07 | - |31 -
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Table 4 (Continue)

Sefidkon et al.

Shushtar Dezful Kashan
2005 2006 2005 2006 2005 2006

. o
= 2
~ S

§ g o S g 5 o S g 5 o)) S E 5 o S E 5 o)) S E 5 o b g =

S |£ |E |2 |E £ |E |2 |E | |E = | £ |E |2 |E | | E| 2 |E £ | E| 2 |E

& |3 | |2 & |z |2 |3 & |3 3 |2 & 3 12 |2 & = 3 |2 |l 3| 2|2
piperiton

25 e T I - - - | -] - Qo3| - - - - A -

26 | tymol | - | - | - | - | - | -1-0-1- - - - - -] - Qoo | - - - - . -
-

27 | terpinyl - - - - - - - - - - - - - - - - - - - - -0.7 | 0.8 - -
acetate

28 a- 1.2 0.6 0.5 2.4 0.3 4.3 3.0 15 0.6 0.2 - 0.4 0.5 - 15 - - - 1.2 1.9 0.6 0.7 - -
guaiene
bicyclog

29 ermacren 1.6 1.6 0.9 1.7 - 1.2 29 1.0 1,8 0.1 2.0 - 1.0 - 0.9 - 0.4 0.9 - - - 29 - -
e
spathule

30 nd 12.8 0.3 2.4 35 6.2 0.1 0.3 - 5.6 6.6 3.3 3.8 34 1,8 2.8 1.2 6.7 34 6.1 2.3 1,8 2.4 8.3 -

31 globulol 7.7 0.2 1.7 45 3.3 0.2 0.5 - 35 0.9 1.9 1.4 2.2 - 0.3 0.2 2.4 2.7 3.7 2.3 1.6 2.0 1,8 -
B_

32 eudesmo 4.8 0.9 0.2 - - - - - - - 1.7 0.5 0.2 - 0.1 - - - - 1,8 - - - 1.4
|
o

33 |eudesmo | 28 | - o2 | - - | - | - | -0 - | - ; - o3 | - | - | -0 -1 - - - ; |- -
|

g4 | Oyclocol | g | - - 13|04 |17 ] 03] 29| - - - 0.9 - o2 | - - - - - - - - -
orenone

100. 100. | 100.
Total 0 938 1927 | 990 89.4 | 941 | 93.8 | 95.9 1/ 99.3 | 90.5 100.0 | 95.3 95.9 96.9 | 98.4 | 97.4§(98.1 | 82.1 | 100.0 | 98.7 98.7 0 0 100.0

RI = Retention indices in elution order from DB-5 column

t = trace = less than 0.05%
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Fig 3 Essential oil yields of E. largiflorens F.Muell. in
three locations and at four seasons

The highest amount of 1,8-cineole in Dezful site was
at spring at the first year of the trial and it was the
highest at winter at the next year. The highest amount
of 1,8-cineole in Kashan site was at winter at the both
years. Our findings showed that to obtain a high
percentage of essential oil with high content of 1,8-
cineole from E. largiflorens leaves, winter was the
best for Shushtar site, but for Dezful and Kashan site,
it needs longer period research for certain declare due
to high variation of essential oils quality after the two
consecutive years (Fig 3). Therefore, our research
showed that winter is the best harvesting season for
E. largiflorens in Shushtar, whereas for Dezful and
Kashan it needs more study for certain declare.
Variation in oil yields of the three Eucalyptus species
are shown in figures1-3.
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