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Introduction

Eucalyptus essential oils are among the most commercially important plant-derived oils due to their high
content of bioactive terpenoid compounds, particularly 1,8-cineole and a-pinene, which are widely used in
pharmaceutical, food, cosmetic, and hygienic products. In recent years, the increasing global demand for natural
and plant-based ingredients has further enhanced the industrial significance of eucalyptus essential oils.
Although various Eucalyptus species have been introduced and cultivated in different regions of Iran,
comprehensive comparative information on the yield and chemical quality of locally produced oils, especially in
relation to international standards, remains limited. Among the cultivated species, Eucalyptus globulus and
Eucalyptus camaldulensis are of particular economic and industrial importance. Evaluating their essential oil
characteristics under local climatic conditions is crucial for assessing their suitability for industrial applications
and their potential competitiveness in global markets. Therefore, the present study aimed to analyze and compare
the essential oil yield and chemical composition of E. globulus and E. camaldulensis cultivated in Northern Iran,
with special emphasis on their conformity with 1ISO 770:2002 and 1SO 3065:2011 standards and their potential
industrial value.

Materials and Methods

Fresh leaves of E. globulus and E. camaldulensis were collected from mature trees grown in the Behshahr
region of Mazandaran Province, Northern Iran, an area characterized by a humid temperate climate. To minimize
the loss of volatile compounds, the leaves were shade-dried under controlled conditions at 24 °C and 40%
relative humidity. Essential oils were extracted by hydrodistillation using a Clevenger-type apparatus for three
hours, and oil yield was calculated on a dry weight basis. The chemical composition of the extracted essential
oils was determined using gas chromatography (GC) and gas chromatography—mass spectrometry (GC-MS)
equipped with a DB-5 capillary column. Compound identification was carried out by comparing mass spectra
and retention indices with those reported in the Wiley7 and Adams spectral libraries. The resulting chemical
profiles were evaluated and interpreted in accordance with the requirements of ISO 770:2002 and 1SO
3065:2011 standards.

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).

https://doi.org/ 10.22067/jhs.2025.93102.1425



https://jhs.um.ac.ir/
mailto:yadollah@modares.ac.ir
https://doi.org/%2010.22067/jhs.2025.93102.1425
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/%2010.22067/jhs.2025.93102.1425
https://orcid.org/0009-0001-7379-0846
https://orcid.org/0000-0001-7955-3983
https://orcid.org/0000-0001-6151-7263
https://orcid.org/0000-0003-4979-7367
https://orcid.org/0000-0002-3330-1198

VFe0 5ler ) oyloud Fe ol (63,9l Lo g pale) (Ll pole 4 s VY

Results and Discussion

The results demonstrated a clear difference in essential oil yield between the two species. E. globulus
exhibited a higher oil yield (2.6%) compared with E. camaldulensis (1.2%), indicating superior productivity
under the studied environmental conditions. In both species, oxygenated monoterpenes constituted the dominant
class of compounds; however, their relative proportions varied substantially. In the essential oil of E. globulus,
1,8-cineole was the predominant compound, accounting for 83.19% of the total oil composition. This value fully
satisfied the minimum cineole requirements specified in both 1SO 770:2002 and ISO 3065:2011 standards,
confirming the high quality of this oil and its suitability for pharmaceutical, food-grade, and medicinal
applications. Comparative evaluation with previously reported data from other regions indicated that the
chemical profile and yield of E. globulus essential oil produced in Northern Iran are highly competitive at the
international level. In contrast, the essential oil of E. camaldulensis contained a lower proportion of 1,8-cineole
(39.46%), which did not meet the cineole thresholds defined by the ISO standards. Nevertheless, this oil
exhibited a more chemically diverse composition, characterized by notable amounts of a-pinene (13.28%), p-
cymene (11.83%), spathulenol (7.38%), and caryophyllene oxide (2.33%). The broader distribution of
monoterpene and sesquiterpene compounds suggests that, despite its lower cineole content, E. camaldulensis
essential oil may be advantageous for specialized industrial applications requiring a more complex terpene
profile, such as fragrance formulation, antimicrobial products, and functional additives.

Conclusion

This study demonstrates the high potential of Iranian Eucalyptus essential oils. E. globulus showed superior
yield and composition in line with global quality standards, rendering it suitable for pharmaceutical and food
industries. E. camaldulensis, with its chemically diverse profile, offers promising opportunities for broader
industrial applications. Given Iran’s availability of suitable cultivation zones and the growing demand for
sustainable plant-based raw materials, the expansion of Eucalyptus farming and essential oil production could
strengthen Iran’s position in the international essential oil sector. Further research is encouraged to improve
cultivation practices and support industrial-scale development.
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2- Gas chromatography—mass spectrometry (GC-MS)
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Number Compound Retention index (RI) Percentage Retention index (RI) Percentage
1 a-Thujene 928 0.8
2 a-Pinene 939 13.28 940 7.24
3 B-Pinene 982 0.63 983 0.23
4 Myrcene 987 0.56 989 0.25
5 a-Phellandrene 1009 0.47
6 p-Cymene 1030 11.83
7 Limonene 1035 4.32
8 1,8-Cineole 1041 39.46 1045 83.19
9 v-Terpinene 1062 0.35
10 Linalool 1099 0.52 1103 0.24
11 Dihydro Sabina Ketone 1124 0.36
12 Trans-Pinocarveol + Trans-Sabinol 1139 0.66 1140 1.16
13 Trans-Verbenol 1142 0.27
Pinocarvone 1156 0.27
14 Borneol 1164 0.65
15 Terpinen-4-ol 1169 1.8 1169 0.26
16 Cryptone 1176 5.88 1174 0.5
17 a-Terpineol 1179 1.62 1180 1.24
18 Verbenone 1213 0.35
19 Cumin Aldehyde 1249 1.15 1250 0.33
20 Dihydrolinalool Acetate 1283 0.56
21 Methyl Myrtenate 1296 0.35
22 a-Terpinyl Acetate 1338 0.8 1338 0.53
23 Aromadendrene 1441 0.67 1441 0.53
24 Allo-Aromadendrene 1462 0.39
25 Bicyclogermacrene 1490 0.6
26 Spathulenol 1568 7.38 1566 0.31
27 Caryophyllene Oxide 1574 2.33 1574 1.51
28 Viridiflorol 1581 0.47 1580 0.32
29 Guaiol 1606 0.33
30 B-Atlantol 1610 0.49
31 Allo-Aromadendrene Epoxide 1634 0.39 1633 0.22
32 Unknown 1657 0.67
e 38550 99.7 24575 99

Total
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Monoterpene hydrocarbons 30 8 8 3
IR IR
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. 1. . 1
Sesquiterpene hydrocarbons 06 3 05
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o823 b 0 g puS0jlusl FA® C : bzl abaiis 1 ilso
Jus! dlais o Sty
Flash point Average flash point: 48 °C measured
using Pensky-Martens apparatus
S glegS Ll
Chromatographic profile
Sy Jolas - S s
Compound Minimum & maximum
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sl &l &l el
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5, SSypS 3)565)5 Sy Sy
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yellow
dasuie ;).‘a.‘m xbjU
N Jotis Jothes dasls olare Jotias dasile ¢jlara
o d.or Fresh,aromatic Aromatic,cineole Aromatic, cineole
, characteristic characteristic characteristic
of cineole
P Ve s JBs
ISl 0.905-0.925 0.904-0.920 0.906-0.920
Relative density at 20
°C
Ve Casld o
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Ve 206y g
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. " . . p Sl ) ) )
() Joil 2 sk b Y (s iy o] e Pl g Sl 10 (s p sl o 51
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S gleg,S” Jolbg
Chromatographic
profile
Pl bl . N . e
L,‘,S)) R t I AR RN Y] uwl.wl AN [RWEW Y u.u[w\
Compound aw eosisle” ' Refined oil 70-75% Refined oil 80-85%
() pSloo (%) Jeloo AR (%) Jeloo (7) yS1oe () Jolse
Max (%) Min (%) Max (%) Min (%) Max (%) Min (%)
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