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Abstract: Tea tree is an essential oil-producing plant from Australia which is also found
growing in several parts of Indonesia, including the island of Lombok. So far, tea tree
essential oil producers on the island of Lombok do not utilize by-products in the form of
hydrosol (distilled water) produced in the process of making essential oils. In this study, the
characterization and analysis of the chemical composition of the hydrosol of tea tree leaves
growing on the island of Lombok was carried out. The characteristic aroma of hydrosol is
similar to that of tea tree essential oil. The results of the GC-MS analysis also showed that the
hydrosol of tea tree leaves also had similarities with the essential oil, composed of major
compounds in the form of trans-caryophyllene (28.58%), limonene (13.98%) and terpinen-4-ol
(16.27%). Other compounds detected were -pinene (4.14%), -pinene (6.50%), -myrcene

(8.09%), -terpineol (10.10%) and -terpinene (5.77 %).
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Introduction
Indonesia is an archipelagic country with

abundant biodiversity, one of which is essential oil-
producing plants. Indonesia is one of the largest
essential oil producers in the world by producing
around 40 types of essential oils (Ministry of Home
Affairs, 2014). One type of essential oil that is currently
being developed is tea tree (Meleuca alternifolia)
essential oil. Tea tree is a plant from Australia which is
also found growing or cultivated in several parts of
Indonesia, including the island of Lombok.

The process of distillation of tea tree essential oil
by the people of the island of Lombok generally uses
the steam distillation method. Steam distillation
method is a method that is widely chosen to extract
essential oils from a plant because it can produce high
yields of essential oils with good physical
characteristics.
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Through steam distillation of tea tree leaves, tea
tree essential oil can be produced as the main product
and a by-product in the form of distilled water or
hydrosol. According to Rajeswara, (2012), hydrosol is a
by-product of the distillation process in the form of a
water emulsion solution that binds essential oils.
During the distillation process, the water that is
evaporated along with the essential oil will be
separated after coming into contact with the cooling
tube in the condensation process (A¢imovic et al., 2020).

Until now, most of the essential oil industry still
considers hydrosol as a by-product that has low
economic value. In the essential oil production process,
the hydrosol amount is much larger than the essential
oil yield as the main product. Hydrosols that are not
utilized and discharged into the environment can cause
negative impacts such as increasing the value of
chemical oxygen demand (Siregar, 2020). This is the
reason for developing research on the content and
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benefits of essential oil hydrosols of various plants.
According to Hung (2020) all hydrosols will contain
dissolved essential oils. The solubility of the aromatic
components in the hydrosol will depend on the content
of the essential oil as the main product (Edris, 2009).
Kahar (2021) reported that hydrosols can be used in
cosmetics as toners, perfumes and spa baths. Another
use of hydrosol is in traditional medicine as well as
flavoring in beverages (D'Amato, 2018).

Several studies examining tea hydrosols have
also been carried out, such as Li, et al. (2021) showed
that tea tree hydrosols contain secondary metabolites
similar to essential oils. The main components of
hydrosol and tea tree essential oil have the same parent
structure, but different degrees of oxidation. Terpinen-
4-ol, 2-endo-hydroxy-1,8-cineole and p-menth-3-ene-
1,2-diol are the main components in the essential oil
and hydrosol of tea tree leaves which can act as
antibacterial. Tea tree essential oil contains compounds
from the monoterpenoid group that have the potential
to be used as insect repellents (Cid-Pérez, 2019).
Hammer, (2003) stated that the chemical compounds in
tea tree essential oil have bioactivity as antibacterial,
antiseptic, antifungal and insect repellent. The presence
of these compounds indicates that tea tree leaf
hydrosols can also be utilized in a wider variety of
applications. In general, the type and chemical
composition of plant metabolites, especially secondary
metabolites, are strongly influenced by soil type,
climate and the environment in which they grow. This
can also be ascertained to occur in tea trees that grow
on the island of Lombok. This article reports the
chemical composition of metabolites, especially the
secondary metabolites of tea tree leaf aerosol
originating from Lombok Island and their potential
utilization.

Method

Sample Preparation

In this study, tea tree leaves from North Lombok
Regency were used which had been dried at room
temperature for 5 days. The dried leaves obtained were
chopped into small pieces and weighed. Then the water
content was measured using equation 1.

Water Content = ((b1-b2)/b1) x 100%............... 1)

Description:

b1 = weight of empty cup and weight of the sample
before heating.

b> = final weight of the cup and sample after heating.

Production of Essential Oils and Hydrosols

500 g of dried tea tree leaves were then steam
distilled for 4 hours to obtain tea tree essential oil and
its hydrosol as a by-product. The two are separated
with the help of a separating funnel. The resulting
essential oil was purified with anhydrous sodium
sulfate followed by phytochemical tests and GC-MS
analysis. After being separated from the essential oil,
the hydrosol of tea tree leaves passed the stage of
organoleptic testing (shape, color, and aroma)
produced. Next, 100 mL of tea tree leaf hydrosol was
extracted liquid-liquid with n-hexane (1:3). The n-
hexane hydrosol extract was then separated and
concentrated using a rotary evaporator followed by
phytochemical tests and chemical composition analysis
using GC-MS. The results were compared with data on
chemical compounds contained in tea tree essential oil.

GC-MS Analysis

The instrument used in this study was GC-MS
QP2010 ULTRA SHIMADZU. The analysis was carried
out using an injection temperature of 290 °C, a detector
temperature of 300 °C and an initial column
temperature of 40 °C with an increase of 80 °C per
minute to 280 °C. The carrier gas used is helium with a
flow rate of 30 mL/min.

Result and Discussion

Steam distillation of 500 g of dry tea tree leaves
using 1200 mL of water resulted in an essential oil yield
of 1.626% and a hydrosol of 960 mL with a water
content of 1.270%. The resulting hydrosol in the form of
distilled water is cloudy due to the presence of residual
essential oils dispersed in it to form a homogeneous
liquid. The hydrosol has a distinctive tea tree aroma
although it is not as strong as the aroma of the essential
oil. The resulting hydrosol can be seen in Figure 2 and
the results of the phytochemical screening are shown in
Table 2.

Table 1. Organoleptic test results for tea tree leaf

hydrosols
Parameters Test Results
form Homogeneous liquid
Color cloudy
Aroma Typical tea tree
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Figure 1. Tea tree leaf hydrosol

Table 2. Phytochemical Test results

Hydrosol n-hexane

Phytochemi Tea Tree Essential Oil
| Test extract

ca Test results Note. Test results Note.

Saponin No foam - No foam -
formed formed

Flavonoid Clear solution - Clear solution -
color color

Terpenoid = The color of  + The color of  +

the solution the solution

becomes becomes
reddish brownish red
brown

Based on the data in Table 2. essential oils and
hydrosols of tea tree leaves contain chemical
compounds from the same group, namely terpenoids.
Both also showed negative reactions to the saponin and
flavonoid tests. This is different from the research
conducted by Malathi, et al. (2020) which states that tea
tree leaf essential oil contains secondary metabolites
from the terpenoid and saponin groups. The main
cause is most likely due to differences in extraction
methods and geographical conditions where the plants
are grown (Mann and Kaufman, 2012). Edris (2009)
stated that the solubility of certain aromatic compounds
from hydrosols is highly dependent on the chemical
composition of the parent essential oil. Essential oil
hydrosols containing secondary metabolites from
different groups have diverse bioactivity. Eucalyptus
globules hydrosol has the potential to be used as an
insecticide on mealybugs because it contains secondary
metabolites from the phenol and tannin groups
(Sharma and Kaur, 2021). Research Cid-Pérez, et al.
(2019) also showed that rosemary flower hydrosol
containing saponins had antioxidant activity of 14.16
mg AAE/g.

The results of the phytochemical test in this
study proved that the compounds that make up the
essential oil and hydrosol of tea tree leaves are from the
same group, although there are differences in the

number and types of chemical compounds that make
up the tea tree. GC-MS analysis of essential oils and tea
tree leaf hydrosols yielded 10 peaks of compounds with
different abundances, as shown in Table 3.

Table 3. Comparison of chemical compound
composition

Tea Tree Essential ~ Hydrosol n-
Chemical Qil hexane extract

Reten- Abun- Reten- Abun-
Compound ) .

tion dance tion dance

Time (%) Time (%)
a-pinene® 6.725 6.280 6.724 4.140
B —pinene’ 7.215 10.41 7.214 6.500
P —myrcenel 7.361 14.23 7.362 8.090
Limonene2 7.702 22.44 7.698 13.98
y-terpinenel® 7.943 9.680 7.942 5.770
Linalool? 8.243 5.550 - -
a-terpineol’3 8.707 17.67 10.100
Monoacetyletandi ~ 4.126 3.530 - -
amine*
Alkohol diacetone> 5.151 8.620 - -
3-hydroxy- 7.560 1.700 - -
Butanal3
Carens - - 7.598 2.180
Terpinen-4-oll1 - - 8.764 16.27
1,8-epoxy-2- - - 8.978 4.380
menthanol®
Trans- - - 10.048 28.580
caryophyllenel4
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Figure 3. Structure of Chemical Compounds in Essential Oils
and Hydrosol Tea Tree Leaves

The results of the GC-MS analysis showed that
the essential oils and hydrosols of tea tree leaves
contain some of the same chemical compounds and are
from the monoterpenoid group. These compounds
include -pinene, -pinene, -myrcene, -terpineol and -
terpinene. Most of the monoterpene compounds in
hydrosols were detected in smaller amounts than in
essential oils. The similarity of the chemical
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components that make up the essential oil and the
hydrosol of tea tree leaves is caused by the dispersion
of the remaining essential oil from the distillation in the
hydrosol which can be physically proven by the
distinctive aroma of tea tree and the resulting cloudy
color. The major constituents of tea tree leaf hydrosols
detected in this study were trans-caryophyllene
(28.50%) and limonene (13.98%). Research Maia, et al.,
(2011) and Fajarini, (2015) mention that these
compounds are commonly found in essential oils and
have activity as insect repellents because of the aroma
they produce. Monoterpene compounds such as -
pinene, -pinene, -myrcene, -terpineol and -terpinene in
the hydrosol of tea tree leaves, apart from being able to
act as insect repellants, also have antibacterial and
antifungal bioactivity.

Table 4. Chemical composition of tea tree essential oil
(ISO 4730: 2017).

Chemical Compound Composition (%)

a-pinene 1-4
Sabinene 0-3.5
a-terpinene 5-12
Limonene 0.5-1.5
p-cymene 0.5-8
1,8-cineole 0-10
y-terpinene 10-28
Terpinolene 1.5-5
Terpinen-4-ol 30-48
a-terpineol 1.5-5
Aromadendrene 0-3
Ledene 0-3
O-candinene 0-3
Globulol 0-1
Viridiflorol 0-1

In this study, the typical compound of tea tree
plants in ISO 4730: 2017 in the form of terpinen-4-ol as
contained in Table 4. was not found in tea tree essential
oil but in hydrosol which is a by-product with an
abundance of 16.27%. This proves that the manufacture
of essential oils through a simple process such as steam
distillation produces a by-product in the form of
hydrosol which is still very useful and can be further
processed to maximize the potential of the chemical
compounds contained in it. Terpinen-4-ol is currently
widely used as an antibacterial in cosmetic products. -
terpinene and terpinen-4-ol compounds can inhibit the
growth of Psudomonas aeruginosa bacteria (Cid-Pérez,
2019). The hydrosol of tea tree which contains terpinen-
4-ol, 2-endo-hydroxy-1,8-cineole and p-menth-3-ene-
1,2-diol as major compounds have good inhibitory
power against Escherichia coli bacteria. minimum
concentration of 1.25 mg/mL (Li, et al., 2021).

In addition, there are other compounds in tea
tree leaf distilled water such as caren and 1,8-epoxy-2-

menthanol which can be further utilized with more
diverse bioactivity than tea tree essential oil. The large
number of chemical compounds with various
bioactivities makes hydrosols which were originally
liquid waste from the volatile oil distillation process
can be developed to be used as aromatherapy fluids,
insect repellents and solvents in the process of making
drugs and cosmetics.

Conclusion

Hydrosol, which is liquid waste from the steam
distillation of tea tree leaves, physically still has a
distinctive aroma like its essential oil. GC-MS analysis
showed that there were similar chemical compositions
in hydrosol and essential oil of tea tree leaves with
major compounds in the form of trans-carryophyllene
(28.58%), limonene (13.98%) and terpinen-4-ol (16.27%).
The chemical compounds detected were -pinene
(4.14%), -pinene (6.50%), -myrcene (8.09%), -terpineol
(10.10%) and -terpinene (5.77 %). Literature studies on
the chemical content of aerosols show that there is great
potential to be developed into chemical products with
various bioactivities such as insect repellent,
antibacterial, antifungal and antioxidant.
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