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Abstract
Background and Objective: Essential oils, also known as etheric or volatile oils, are aromatic compounds extracted from plant parts like
leaves, flowers, seeds and roots. These complex mixtures are primarily obtained through various distillation methods, including water,
steam, or dry distillation. This study aimed to compare the content of essential oil yield and composition of fresh leaves of Melaleuca
leucadendron  from Malaysia. Materials and Methods: Fresh leaf samples were subjected to two different methods of extraction, which
were hydrodistillation and steam distillation. The collected essential oils (EOs) were analyzed by gas chromatography (GC) and Gas
Chromatography-Mass Spectrometry (GC-MS). Collected data were analyzed using the SPSS statistical package software version 17.0.
(Chicago,  USA).  A  t-test  at  p<0.05  was  used  to  determine  the  significance  of  variation between the two methods of distillation.
Results: The oil yield was 0.278% for hydrodistillation and 0.378% for steam distillation, with no significant statistical difference. Steam
distillation yielded 29 components, while hydrodistillation yielded 28, sharing 16 components (36.4% similarity). Terpinolene (27.79%)
was predominant in hydrodistillation, whereas O-Cymene (41.5%) was the major component in steam distillation, highlighting Melaleuca
leucadendron  Linn. as a rich source of O-Cymene. Conclusion: Detection of these compounds has revealed that they can be used in the
production of pesticides, which is crucial for sustainable agriculture and reducing environmental pollution caused by chemical pesticides.
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INTRODUCTION

In 2000, the Malaysian Industry-Government Group on
High Technology (MIGHT) came out with a Malaysian Herbal
Products Blueprint, a master plan for the development of the
herbal products industry1. The botanical term defines an herb
as a plant that has no woody tissue and that dies down to the
ground at the end of a growing season. Usually, herbs are
processed for culinary, pharmaceutical, sanitary, cosmetic,
medicinal and fragrance purposes. These plant species range
from shrubs to large trees2. Natural medicines have gained
recognition as a safe, effective and cost-efficient alternative to
pharmaceuticals, with research supporting these benefits.

Demand for plant essential oil has risen because it is a
more natural alternative to disease-fighting medication,
biodegradable and less toxic than synthetic preservative
agents3. Essential oils also known as etheric oil or volatile oil
derived from various parts of the plant including leaves,
flowers, fruits, seeds and roots. The aromatic components
which  are  complex  mixtures  of  volatile  are usually obtained
by water distillation, steam distillation, water-and-steam
distillation, or dry distillation3. Hydrodistillation and steam
distillation  are  the  most  common  techniques  that are used
for the isolation of EOs. Recent literature proves that
hydrodistillation and steam distillation are the primary
methods of choice when it comes to the isolation of EOs.
Besides, in developing countries, these two methods are often
the methods of choice because they are cheap4. However,
steam distillation is the most common procedure5. Other
methods such as enfleurage, expression, extraction or
fermentation are also used for the isolation of more sensitive
compounds. Other methods can be used to extract the
essential oil such as rectification extraction6 and supercritical
fluid CO2 extraction7.

Melaleuca  leucadendron  Linn.  (Myrtaceae)  which  is
locally in Malaysia and known as “Gelam” is among the herbs
that can be found in Malaysia. It belongs to the family
Myrtaceae8 and is widespread throughout Indo-Malaysian and
the Tropical Australian Regions. It is commonly found in open
forests or shrubland on swamp edges along the coastal areas,
reaching a height of 20-30 m. About 230 species of Melaleuca
are known in the world9.

According to Noor10, Melaleuca cajuputi Powell (MC)
which is locally known as “Gelam” or “pokok kayu putih”
essential oil is widely used in Malay traditional medicine for
the treatment of stomach cramps, cough, acne, insect bites,
thrush  problems  and  many  more.  Embong8  reported  that
the oil is fluid and greenish as it contains traces of copper. It
tastes  bitter,  is  highly  volatile  and  inflammable  and  burns

without residue. The oil is said to be antispasmodic,
diaphoretic, stimulating, antiseptic and anthelmintic. The
leaves are very aromatic. It contains essential oils that give a
distinct and stimulating odor like camphor or cardamom seeds
when crushed. Gelam, a species of Melaleuca, is commercially
valued for its essential oils, similar to tea tree and cajuput oils.
The essential oil of Melaleuca leucadendron  is recognized for
its beneficial properties. Studies have highlighted its fungicidal
effects, with potential applications in managing significant
fungal pathogens affecting crops like Ipomoea batatas11,12.
These essential oils also offer a sustainable alternative to
synthetic fungicides.

In addition, EOs of Melaleuca  species are known to have
antibacterial, antioxidant and anti-inflammatory activities13,14.
However, the production of EOs is scarce and time-consuming
with conventional methods. Despite such wide-ranging
studies on the EOs content of Melaleuca species, very little
work has been done to study this species. Moreover, previous
studies on the comparison of M. leucadendron oil content
between two different methods which are hydrodistillation
and steam distillation are very limited. Based on available
information, for long, Gelam has been overlooked in Malaysia,
with its commercial potential and medicinal benefits often
underestimated due to the limited number of studies
conducted on these aspects15.

Therefore, the present study aimed to determine the
extraction methods that produced a higher yield of EOs in
fresh leaves  of  M.  leucadendron   using  hydro  distillation
and steam distillation and to determine the profile component
of M. leucadendron  oil yield from both methods.

MATERIALS AND METHODS

Study  area:  The  present  study  was  conducted  during
2017-2018 at the Biodiversity Unit, Institute of Bioscience,
Universiti Putra Malaysia, Serdang, Selangor, Malaysia.

Plant specimens: Leaves part of M. leucadendron were
investigated for the EOs. The plant samples being undertaken
at  the  Kolej  Sultan  Alaeddin  Suleiman  Shah  in  Universiti
Putra Malaysia. The species was identified by the taxonomist
Dr. Shmsul Khamis from the Institute of  Bioscience, Universiti
Putra Malaysia (UPM). A voucher specimen (IR 0127/11) has
been deposited in the herbarium of the Biodiversity Unit,
Institute of Bioscience, Universiti Putra Malaysia.

Plant sample preparation: The plant samples were harvested
during the dry season when the yield of oil is generally
higher1. Only matured leaves were harvested for study. During
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harvesting,  no  pests  or  diseases  were  observed  on  any
plant. Fresh leaves were cut into small pieces. These plant
materials were weighed to obtain the fresh weight for each
treatment.

Extraction  of  EOs  by  hydrodistillation  method:  Extraction
of  EOs  was  carried  out  on  a  sample  size  of  300  g  of  fresh
leaves placed in a flask containing 3 L of distilled water and
connected to a Clevenger distillation apparatus. Then
electrical heating was used. As the water started to boil, the
vapor and the EOs extracted from the plant passed through
the cooler, where both the oil and water were condensed and
collected. The temperature was set up at 30EC and the
operation lasted for 4 hrs using Clevenger apparatus as
described previously by Qamaruz Zaman et al.16. The EOs
obtained  were  dried  over  anhydrous  sodium  sulfate
(Merck, AR grade) and then stored at 4-6EC before analysis.
The experiment was conducted in triplicate.

Extraction  of  EOs  by  steam  distillation  method:  About
300 g of fresh sample was subjected to steam distillation in a
Clevenger-type glass apparatus. The steam was produced in
the boiler by electrical heating of 3 L of distilled water. As the
water started to boil, the vapor from the boiler went through
the fresh plant. Then the vapor and the EOs extracted from the
plant passed through the cooler, where both the oil and water
were condensed and collected. The extraction process was
done for 4 hrs with a temperature of 30EC using Clevenger
apparatus as described previously by Qamaruz Zaman et al.16.
The EOs obtained were dried over anhydrous sodium sulfate
(Merck, AR grade) and then stored at 4-6EC before analysis.
The experiment was conducted in triplicate.

Gas chromatography (GC) analysis: Essential oils obtained
from the fresh leaves of Melaleuca leucadendron were
analyzed using a Shimadzu GC-2010 Plus system (Shimadzu
Corporation, Kyoto, Japan), featuring a flame ionization
detector  (FID)  and  a  BPX5  fused   silica   capillary   column
(30 m×0.25 mm×0.25 µm film thickness). The sample
injection volume was set at 1.0 µL with a split ratio of 13:1 and
the injector temperature was maintained at 230EC. Helium
served as the carrier gas at a constant flow rate of 1.0 mL/min.
The column temperature was programmed to start at 30EC
(held for 3 min), then increased at a rate of 8EC/min to 230EC
(held for 5 min) and finally held at 245EC for 10 min.

Gas Chromatography-Mass Spectrometry (GC-MS): The
essential oils were also examined using a Shimadzu GC-MS

QP2010 Plus system (Shimadzu Corporation, Kyoto, Japan),
fitted     with     a     BPX5     fused     silica     capillary     column
(30 m×0.25 mm×0.25 µm film thickness). Helium, at a flow
rate of 1.0 mL/min, was used as the carrier gas. The ion source
and interface temperatures were maintained at 200 and
310EC, respectively. The mass detector operated under the
following conditions: Acquisition start time of 6.00 min, end
time of 49.00 min, scan mode with a 0.50 sec event time, scan
speed of 1000 and a scan range of m/z 35.00-500.00. The
temperature programming for the GC-MS oven was identical
to that of the GC analysis.

Identification of chemical components: The individual
constituents of the EOs were identified by comparing their
retention times and mass fragmentation pattern with those
standards17 and NIST (National Institute of Standards and
Technology) library18. The percentage of constituents was
obtained from the GC peak without any correction factors19,20.

Statistical analysis: The experiments were conducted in
triplicate. The data were analyzed by  performing an One-way
Analysis of Variance (ANOVA) using SPSS statistical package
software version 17.0. (Chicago, USA). A t-test was used to
determine the significance of variation between the two
methods of distillation. The statistical significance was
determined at p<0.05.

RESULTS AND DISCUSSION

Yield of EOs: Fresh leaves of M. leucadendron  were subjected
to hydrodistillation and steam distillation for 4 hrs to extract
their EOs. The oil obtained is pale yellow-green and gives a
distinct and stimulating odor like camphor. In this study, the
EOs obtained from all samples were less dense than water. The
yields of EOs obtained from the extraction were different in
both methods.

As shown in Fig. 1, the total oil yield for hydrodistillation
was 0.278% while for steam distillation was 0.378%.
Statistically, the hydrodistillation method and steam
distillation  method  have  the  same  rate  of  producing  EOs
of M. leucadendron. Even though there are no significant
differences  between  these  two  methods,   the   content  of
M. leucadendron oil showed there are differences in major
chemical constituents after undergoing these two different
methods. According to Sakasegawa et al.11, the EOs yield of
Gelam in steam distillation ranged from 1.6-3.6%. Silva et al.21

mentioned that the average yields  of  M.  leucadendron  in
Brazil using hydrodistillation methods were 1.5%.
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Fig. 1: Essential oil  yield  (%)  obtained  from  fresh  leaves  of
M.  leucadendron  in  hydrodistillation  and  steam
distillation

Many factors can affect the oil yield and the chemical
components of the EOs such as genetic structure22,
seasonal23,24 and the location in which the plant grows. The
extraction product can vary in quality, quantity and
composition according to climate, soil composition, plant
organ, age and vegetative cycle stage25-27.

Different  types  of  extraction  techniques  also  have  a
great influence on oil production, quality of oil, chemical
constituents and oil characteristics.

Previous study shows that hydrodistillation produces
higher  oil  yield  than  steam  distillation28-30.  However,
according to Boutekedjiret et al.31, the yield of rosemary EOs
obtained by the steam distillation is higher than the yield of
the hydrodistillation. Whatever extraction techniques were
chosen, the raw material is the starting point that affects the
production of EOs32. “This was probably because the situation
of plant material, including type, mode of comminution, mode
of charging and grade of insulation, is much more critical than
the distillation methods”.

Comparison of chemical constituents of M. leucadendron  in
hydrodistillation and steam distillation: In hydrodistillation
analysis,  EOs  showed  the  presence  of  28  chemical
constituents (Table 1). The major chemical component found
was Terpinolene (27.79%) followed by γ-Terpinene (23.20%),
M-cymene (13.76%), 2-Carene (4.57%), "-Phellandrene
(4.11%) and Limonene (4.11%).

Twenty-nine components were identified in the analysis
of M. leucadendron  in steam distillation (Table 2). The most
abundant component was O-Cymene (41.5%). The second
most abundant component was Terpinolene (13.93%). Other
major compounds identified also included γ-Terpinene
(10.06%), "-Phellandrene (7.59%), "-Pinene (5.72%) and
Caryophyllene (2.94%).

Based on Table 1,  the  EOs  of  M.  leucadendron  showed
a predominance of monoterpene hydrocarbons (88.05%)
followed  by  sesquiterpene  hydrocarbons  (6.91%).
Oxygenated monoterpenes (3.34%) and oxygenated
sesquiterpenes  further  compose  this  oil  in  hydrodistillation.
In steam distillation, the EOs contains 88.08% monoterpene
hydrocarbons followed by oxygenated monoterpenes (5.71%),
sesquiterpene hydrocarbons (5.04%) and other aromatic
compounds (oxygenated sesquiterpenes by 0.56%) (Table 2).
These results showed that monoterpene hydrocarbons
(Terpinolene, O-Cymene) are marker constituents in the EOs
of the Melaleuca leucadendron  species grown in Malaysia.

The  steam  distillation  method  offered  higher
percentage  amounts  of  oxygenated  monoterpenes  than
the hydrodistillation method, while hydrodistillation offered
higher amounts of sesquiterpene hydrocarbons, compared to
the steam distillation method (Table 1-2).

There were 16 same components identified in oil
extracted using both methods. The percentage of similarity of
chemical components found between these two methods was
36.4%.   It   can  be  seen  that  these  oils  were  characterized
by the presence of γ-Terpinene, Terpinolene, "-Phellandrene,
"-Pinene  and  "-Thujene  but  the  quantitative  differences
were observed in the contents of these components. The
major chemical component found in hydrodistillation was
Terpinolene (27.79%) and the most abundant component in
steam distillation was O-Cymene (41.5%).

The EOs of M. leucadendron  were categorized as the
methyl  eugenol-rich  type,  the  isomethyl  eugenol-rich 
type14 and the terpenoids-rich type. However, in this
experiment, methyl eugenol and isomethyl eugenol were not
detected in gelam EOs. This might be due to the different
chemotypes   expressed   in   different   environments.
According to Sakasegawa et al.11, the major constituents of
gelam oil in Japan were "-Terpinene, γ-Terpinene, terpinolene,
"-Phellandrene and "-Caryophyllene. All of these constituents
also can be found in this study. Silva et al.21 mentioned that
the  main  components  of  M.  leucadendron  in Brazil were 1,
8-cineole, methyl eugenol and viridiflorol. Melaleuca  species
grown in Brazil express chemotypes different from those
found in this study and in other environments such as
Australia. Furthermore, Fall et al.33 stated that the major
constituents of the EOs of Melaleuca leucadendron  leaves
from Senegal were 1.8-cineole, epiglobulol, "-pinene,
limonene and "-terpineol, respectively. Something very
interesting was noticed about the chemical composition of
the EOs in this study showed the presence of O-Cymene
(41.5%). While, this component hasn’t been reported in the
oils of chemotypes from Indonesia, Brazil and Senegal
mentioned here.
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Table 1: Chemical constituents of M. leucadendron  oil in hydrodistillation
Number Compounds RTa RIb RIc Aread (%)
1 "-Thujene 7.984 924 928 3.74
2 "-Pinene 8.155 932 934 3.13
3 $-Pinene 8.946 943 974 1.12
4 2-Carene 9.068 948 1001 4.57
5 "-Phellandrene 9.206 964 1002 4.11
6 Sabinene 9.592 968 975 0.72
7 Myrcene 9.775 989 990 0.73
8 Limonene 9.948 1018 1024 4.11
9 "-Ocimene 10.006 1023 1032 0.34
10 1,3,5-tris(methylene)cycloheptane 10.065 1035 1039 0.12
11 cis-$-Ocimene 10.258 1037 1039 0.3
12 m-Cymene 10.516 1042 1082 13.76
13 Terpinolene 10.987 1052 1086 27.79
14 γ-Terpinene 11.149 1054 1054 23.2
15 "-D-dimethylstyrene 11.199 1073 1099 0.43
16 Linalool 11.517 1082 1098 0.47
17 1-Terpinen-4-ol 12.645 1137 1156 2.07
18 "-Terpineol 12.879 1143 1186 0.68
19 Perillaldehyde 15.445 1207 1269 0.25
20 "-Copaene 15.596 1221 1374 0.17
21 Cyclohexane,1-ethenyl-1-methyl-2,4-bis(1methylethenyl) 16.102 1398 1580 1.04
22 1-methyl-2,4-bis(1-methylethylidene)-1-vinylcyclohexane 16.591 1465 1558 0.34
23 δ-Cadinene 16.910 1469 1522 0.24
24 Isocaryophyllene 17.042 1494 1464 3.22
25 Caryophyllene oxide 17.095 1507 1582 0.39
26 Germacrene D 17.306 1515 1485 0.33
27 Spathulenol 18.169 1536 1578 0.16
28 "-Humulene 18.261 1579 1608 1.32

Class composition
I-Monoterpene hydrocarbons (1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15) 88.05
II-Oxygenated monoterpenes (10, 16, 17, 18) 3.34
III-Sesquiterpene hydrocarbons (19, 20, 21, 22, 23, 24, 26, 28) 6.91
IV-Oxygenated sesquiterpenes (25, 27) 0.55
Total identified compounds (%) 98.85

aRetention time, bExperimental retention index, cRetention index retrieved from literature review and dConcentration of the chemical compounds (%)

The constituents of EOs are influenced by internal and
external factors. Internal factors are such as genetic structures
and external factors such as ecological conditions and
geographical area. Altitude, type of soil, temperatures and
weather conditions are also some influences in the extraction
process. These variables are according to the physiological
process of the plant itself. Another factor that may affect the
EOs yield and composition is whether the plant materials were
extracted freshly or went through the drying process34. The
EOs are the oil that easily evaporates32. In this situation, the oil
yield percentage may be influenced by the crushing and the
cutting size of plant materials. The small pieces of materials
caused the oil to evaporate easily because the exposed area of
the plant materials to the air is increased and it also increases
the probability of the oils being lost into the environment.

Regarding extraction techniques, Binzet et al.35 reported
that the quantitative differences in the oil composition of
rosemary  extracted  using  different  extraction  methods
were due to the usage of different extraction processes.

According to Babu and Kaul29, composition of EOs was
influenced  by  the  type  of  distillation  apparatus  used.  The
total average percentage yield of M. leucadendron  oil using
hydrodistillation was 0.278% while the EOs obtained using
steam distillation was 0.378%. However, there was no
significant difference between hydrodistillation and steam
distillation methods. The GC-MS identified 28 and 29 chemical
constituents from fresh leaves of hydrodistillation and steam
distillation, respectively. The percentage of similarity of
chemical  components  found  between  these  two  methods
was 36.4%. The most abundant components in fresh
hydrodistillation were Terpinolene (27.79%) while in fresh
steam distillation was O-Cymene (41.50%).

The major compounds detected in the EOs of Melaleuca
leucadendron  Linn. in this study like O-Cymene (41.50%) and
Terpinolene (27.79%) were reported to function as insecticidal
and repellent36, fungicidal12,37 disinfectants against bacteria15.
Based on the properties of the identified major compounds
detected  in  the  EOs  of Melaleuca leucadendron  Linn. in this
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Table 2: Chemical constituents of M. leucadendron  in steam distillation
Number Compounds RTa RIb RIc Aread (%)
1 "-Thujene 7.965 924 928 2.19
2 "-Pinene 8.136 932 934 5.72
3 $-Pinene 8.931 943 974 0.61
4 "-Phellandrene 9.052 964 1002 7.59
5 Sabinene 9.191 968 975 0.56
6 $-Phellandrene 9.580 969 1025 0.53
7 Myrcene 9.761 989 990 0.68
8 "-Terpinene 9.933 998 1014 1.7
9 γ-Terpinene 9.991 1014 1054 10.06
10 D-Limonene 10.050 1018 1024 2.78
11 O-Cymene 10.503 1042 1026 41.5
12 Terpinolene 10.975 1052 1086 13.93
13 3-Cyclohexene-1-carboxaldehyde 11.140 1069 1273 0.71
14 "-p-dimethylstyrene 11.186 1073 1099 0.23
15 Linalool 11.978 1082 1095 0.25
16 1-Terpinen-4-ol 12.633 1137 1174 1.99
17 "-Terpineol 12.750 1143 1186 0.54
18 D-Cymen-8-ol 12.868 1197 1182 0.67
19 Copaene 15.435 1221 1374 0.44
20 Cyclohexane, 2,4-diisopropenyl-1-methyl-1-vinyl 15.586 1398 1401 1.11
21 "-amorphene 16.092 1440 1483 0.12
22 δ-Cadinene 16.581 1469 1513 0.2
23 "-Selinene 16.755 1474 1498 0.25
24 "-Guaiene 16.898 1490 1439 0.38
25 Caryophyllene 17.033 1494 1466 2.94
26 2,6,10,10-Tetramethylbicyclo[7.2.0]undeca-2,6-diene 17.105 1499 1499 0.14
27 Caryophyllene oxide 17.298 1507 1582 0.36
28 Spathulenol 18.155 1536 1578 0.2
29 "-Humulene 18.250 1579 1608 1.01

Class composition
I-Monoterpene hydrocarbons (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14) 88.08
II-Oxygenated monoterpenes (13, 15, 16, 17, 18, 19, 20) 5.71
III-Sesquiterpene hydrocarbons (21, 22, 23, 24, 25, 26, 29) 5.04
IV-Oxygenated sesquiterpenes (27, 28) 0.56
Total identified compounds (%) 99.39

aRetention time, bExperimental retention index, cRetention index retrieved from literature review and dConcentration of the chemical compounds (%)

study. It appears that the oil of this Malaysian Melaleuca
species could have enormous potential in various fields like
pesticides industry. Further studies are required to test its
medicinal and aromatic properties.

CONCLUSION

The study demonstrated that oil yields were 0.278% for
hydrodistillation and 0.378% for steam distillation, with no
significant  statistical  difference.   Steam   distillation  yielded
29   components,   while   hydrodistillation   produced   28,
with 16 shared components (36.4% similarity). Terpinolene
(27.79%)    was    dominant    in    hydrodistillation,    whereas
O-Cymene (41.5%) was the major compound in steam
distillation, highlighting Melaleuca leucadendron  Linn. as a
valuable source of O-Cymene. These findings suggest that the
identified compounds have significant potential for pesticide
production,  contributing  to  sustainable  agriculture  and
reducing the environmental impact of chemical pesticides.

Research should focus on evaluating the pesticidal efficacy of
these compounds and optimizing distillation methods for
industrial-scale applications.

SIGNIFICANCE STATEMENT

This study highlights the significance of comparing
essential oil yields and compositions from Melaleuca
leucadendron  leaves  using  steam  distillation  and
hydrodistillation methods. The findings reveal that while
steam distillation yielded 29 components and hydrodistillation
yielded 28 components, both methods shared 16 components
with 36.4% similarity. Notably, Terpinolene was predominant
in hydrodistillation and O-Cymene was the major component
in steam distillation. The detection of these bioactive
compounds  underscores  their  potential  application  as
natural pesticides, promoting sustainable agriculture and
reducing environmental pollution associated with chemical
pesticides.

472



Asian J. Plant Sci., 23 (4): 467-474, 2024

REFERENCES

1. Sing, W.S., 2001. Pharmacy practice in Malaysia. Malays. J.
Pharm., 1: 2-8.

2. Shannon, S., 2002. Handbook of Complementary and
Alternative Therapies in Mental Health. 1st Edn., Academic
Press, Cambridge, Massachusett, ISBN: 978-0-12-638281-5,
Pages: 608.

3. Wei, A. and T. Shibamoto, 2010. Antioxidant/lipoxygenase
inhibitory activities and chemical compositions of selected
essential oils. J. Agric. Food Chem., 58: 7218-7225.

4. Pheko-Ofitlhile, T. and A. Makhzoum, 2024. Impact of
hydrodistillation and steam distillation on the yield and
chemical composition of essential oils and their comparison
with   modern    isolation   techniques.   J.   Essent.   Oil   Res.,
36: 105-115.

5. Cerpa, M.G., R.B. Mato and M.J. Cocero, 2008. Modeling steam
distillation of essential oils: Application to lavandin super oil.
AIChE J., 54: 909-917.

6. Zhang, L.G., C. Zhang, L.J. Ni, Y.J. Yang and C.M. Wang, 2011.
Rectification   extraction   of   Chinese   herbs’   volatile   oils
and   comparison   with   conventional   steam   distillation.
Sep. Purif. Technol., 77: 261-268.

7. Glišiƒ, S.B., D.R. Mišiƒ, M.D. Stameniƒ, I.T. Zizovic, R.M. Ašanin
and D.U. Skala, 2007. Supercritical carbon dioxide extraction
of carrot fruit essential oil: Chemical composition and
antimicrobial activity. Food Chem., 105: 346-352.

8. Embong, W.H.W., 2006. Healing Herbs of Malaysia. Federal
Land Development Authority (FELDA), Kuala Lumpur,
Malaysia, ISBN: 9789839954425, Pages: 201.

9. Southwell, I. and R. Lowe, 1999. Tea Tree: The Genus
Melaleuca.   1st   Edn.,   CRC   Press,   Boca   Raton,   Florida,
United States, ISBN: 9780429219658, Pages: 274.

10. Noor,   A.A.M.,   2023.   Melaleuca   cajuputi   powell   essential
oil:  A  review  of  botanical,  phytochemical  and
pharmacological properties. Borneo J. Resour. Sci. Technol.,
13: 1-12.

11. Sakasegawa, M., K. Hori and M. Yatagi, 2003. Composition and
antitermite activities of essential oils from Melaleuca species.
J. Wood Sci., 49: 181-187.

12. Etienne, T.V., C. Mohamed and A.S.A. Christiane, 2020.
Antifungal potential of Lippia multiflora  Mold. and Melaleuca
leucadendron  L. essential oils against some root borne fungi
of Ipomea batatas  (L) Lam. in Côte d'ivoire. J. Exp. Biol. Agric.
Sci., 8: 654-662.

13. Siddique,       S.,       Z.      Parveen,      Firdaus-E-Bareen      and
S. Mazhar, 2020. Chemical composition, antibacterial and
antioxidant activities of essential oils from leaves of three
Melaleuca   species   of   Pakistani   flora.   Arabian   J.   Chem.,
13: 67-74.

14. Joshi,  A.,  O.  Prakash,  A.K. Pant, R. Kumar, L. Szczepaniak and
K. Kucharska-Ambroóej, 2021. Methyl eugenol, 1,8-cineole
and  nerolidol  rich  essential  oils  with  their  biological
activities from three Melaleuca species growing in Tarai
Region of North India. Braz. Arch. Biol. Technol., Vol. 64.
10.1590/1678-4324-2021210186.

15. Kamal, D.A.M., S.F. Ibrahim, H. Kamal, M.I.A.M. Kashim and
M.H. Mokhtar, 2021. Physicochemical and medicinal
properties  of  Tualang,  Gelam  and  Kelulut  honeys:  A
comprehensive   review.   Nutrients,   Vol.   13.
10.3390/nu13010197.

16. Qamaruz Zaman, F., R. Ridzuan and A.H.A. Abdelmageed,
2021. Chemical composition, antioxidant and antimicrobial
activities of the essential oils from rhizomes and leaves of
Alpinia conchigera  Griff. (Zingiberaceae). J. Essent. Oil Bear.
Plants, 24: 1311-1322.

17. Elzaawely, A.A., T.D. Xuan and S. Tawata, 2007. Essential oils,
kava pyrones and phenolic compounds from leaves and
rhizomes of Alpinia zerumbet  (Pers.) B.L. Burtt. & R.M. Sm.
and their antioxidant activity. Food Chem., 103: 486-494.

18. Eikani, M.H., F. Golmohammad and S. Rowshanzamir, 2007.
Subcritical water extraction of essential oils from coriander
seeds (Coriandrum sativum  L.). J. Food Eng., 80: 735-740.

19. Ibrahim,  H.,  A.N.  Aziz,   D.R.   Syamsir,   N.A.   Mohamad  Ali,
M. Mohtar, R.M. Ali and K. Awang, 2009. Essential oils of
Alpinia conchigera  Griff. and their anti microbial activities.
Food Chem., 113: 575-577.

20. Koba,  K.,  P.W.  Poutouli,   C.   Raynaud,   J.P.   Chaumont  and
K. Sanda, 2009. Chemical composition and antimicrobial
properties of different basil essential oils chemotypes from
Togo. Bangladesh J. Pharmacol., 4: 1-8.

21. Silva, C.J., L.C.A. Barbosa, C.R.A. Maltha, A.L. Pinheiro and
F.M.D.  Ismail,  2007.  Comparative study of the essential oils
of seven Melaleuca (Myrtaceae) species grown in Brazil.
Flavour Fragrance J., 22: 474-478.

22. Carson, C.F., K.A. Hammer and T.V. Riley, 2006. Melaleuca
alternifolia  (tea tree) oil: A review of antimicrobial and other
medicinal properties. Clin. Microbiol. Rev., 19: 50-62.

23. Murtagh, G.J. and R.J. Etherington, 1990. Variation in oil
concentration  and  economic  return  from  tea-tree
(Melaleuca   alternifolia   Cheel)   oil.   Aust.   J.   Exp.   Agric.,
30: 675-679.

24. Damjanovic, B., Z. Lepojevic, V. Zivkovic and A. Tolic, 2005.
Extraction   of   fennel   (Foeniculum   vulgare   Mill.)   seeds
with supercritical CO2: Comparison with hydrodistillation.
Food Chem., 92: 143-149.

25. Yousefzadeh, S., R. Abedi and A. Mokhtassi-Bidgoli, 2021.
Which environmental factors are more important for
geographic  distributions  of  Thymus  species  and  their
physio-morphological  and  phytochemical  variations?
Arabian J. Geosci., Vol. 14. 10.1007/s12517-021-08253-2.

473



Asian J. Plant Sci., 23 (4): 467-474, 2024

26. Masotti, V., F. Juteau, J.M. Bessiere and J. Viano, 2003.
Seasonal and phenological variations of the essential oil from
the narrow endemic species Artemisia molinieri and its
biological activities. J. Agric. Food Chem., 51: 7115-7121.

27. Angioni, A., A. Barra, V. Coroneo, S. Dessi and P. Cabras, 2006.
Chemical composition, seasonal variability and antifungal
activity  of  Lavandula  stoechas  L.  ssp.  stoechas  essential
oils  from  stem/leaves  and  flowers.  J.  Agric.  Food  Chem.,
54: 4364-4370.

28. Sefidkon, F., M. Dabiri and A. Rahimi-Bidgoly, 1999. The effect
of distillation methods and stage of plant growth on the
essential oil content and composition of Thymus kotschyanus
Boiss. & Hohen. Flavor Fragrance J., 14: 405-408.

29. Babu, K.G.D. and V.K. Kaul, 2005. Variation in essential oil
composition of rose-scented geranium (Pelargonium sp.)
distilled by different distillation techniques. Flavour Fragrance
J., 20: 222-231.

30. Sefidkon, F., K. Abbasi, Z. Jamzad and S. Ahmadi, 2007. The
effect of distillation methods and stage of plant growth on
the essential oil content and composition of Satureja
rechingeri  Jamzad. Food Chem., 100: 1054-1058.

31. Boutekedjiret, C., F. Bentahar, R. Belabbes and J.M. Bessiere,
2003. Extraction of rosemary essential oil by steam distillation
and hydrodistillation. Flavour Fragrance J., 18: 481-484.

32. Zhang, Q.W., L.G. Lin and W.C. Ye, 2018. Techniques for
extraction and isolation of natural products: A comprehensive
review. Chin. Med., Vol. 13. 10.1186/s13020-018-0177-x.

33. Fall, R., S. Ngom, D. Sall, M. Sembène and A. Samb, 2017.
Chemical characterization of essential oil from the leaves of
Callistemon viminalis (D.R.) and Melaleuca leucadendron
(Linn.). Asian Pac. J. Trop. Biomed., 7: 347-351.

34. Qamaruz Zaman, F., K. Jaffel and A.H.A. Abdelmageed, 2022.
The effects of post-harvest drying period on the yield and
chemical composition of leaf essential oil from Cymbopogon
citratus  (DC.) Stapf. J. Essent. Oil Bear. Plants, 25: 571-580.

35. Binzet, G., R. Binzet and H.Arslan, 2020. The essential oil
compositions of Rosmarinus officinalis L. leaves growing in
Mersin, Turkey. Eur. J. Chem., 11: 370-376.

36. Feng, Y.X., X. Zhang, Y. Wang, Z.Y. Chen, X.X. Lu, Y.S. Du and
S.S. Du, 2021. The potential contribution of cymene isomers
to insecticidal and repellent activities of the essential oil from
Alpinia zerumbet. Int. Biodeterior. Biodegrad., Vol. 157.
10.1016/j.ibiod.2020.105138.

37. Walasek-Janusz,       M.,       A.       Grzegorczyk,       A.       Malm,
R. Nurzy½ska-Wierdak and D. Zalewski, 2024. Chemical
composition,   and   antioxidant   and   antimicrobial   activity
of  oregano  essential  oil.  Molecules,  Vol.  29.
10.3390/molecules29020435.

474


	AJPS.pdf
	Page 1




