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ABSTRACT
Clove leaves (Syzygium aromaticum) contain essential oils which consists of eugenol, β-caryophyllene
and other compounds commonly used as perfume. The objective of this research was to analyze the
potency of clove leave oil, eugenol, nonpolar extract, β-caryophyllene and isoeugenol as slimming
aromatherapy by in vivo assay. Clove oil was obtained by distillation and the oil was extracted using an
alkaline solution until eugenol and nonpolar extract were obtained. β-Caryophyllene was isolated from
nonpolar extract using preparative thin layer chromatography. The crude essential oil and isolationproducted compounds were identified using gas chromatography-mass spectrometry. The results of in
vivo assays showed that inhalation of isoeugenol had a potential for slimming by decreasing body fat
tissues of rats. Lipid profile tests showed a decrease of triglyceride concentration in the clove oil group
and the eugenol group compared to our negative control. In addition, there was a trend of decreasing
body weight and total cholesterol concentration for the clove oil treatment.
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INTRODUCTION
One of Indonesia’s herbal plants containing essential oil
is the clove (Syzygium aromaticum). The clove has
been reported having several biological activities
1
2
3
including antifungal , anticancer , antibacterial and
4
antioxidant . The clove oil contains major components:
5
eugenol and β-caryophyllene . Eugenol is the main
component for synthesis of isoeugenol. Isoeugenol has
6
7
the potency as an antioxidant and an antiarthritis .
Additionally, isoeugenol is also a natural compound
8
used as a raw material in perfume. Akunna et al.
reported the aroma of perfume can cause weight loss.
Meanwhile, β-caryophyllene has the potency as an anti9
10
and an antibacterial agent .
inflammatory agent
However, the potency of clove oil and its components in
slimming aromatherapy has not been reported yet.
Aromatherapy can be defined as an alternative method
using volatile materials derived from plants, such as
11
essential oils and other aromatic compounds . Studies
on the essential oil potency from several plants in
slimming
aromatherapy
has
been
previously
12
investigated . Grapefruit essential oil was reported to
stimulate the sympathetic nerve and control the white
12,13
and brown adipose tissue
. In addition, grapefruit oil

can inhibit the parasympathetic gastric nerve, increase
both lipolysis and body temperature and suppress the
appetite of test animals. So, it causes the decrease of
13,14
. The opposite result is achieved for
body weight
15
16
lavender oil
and Zingiber zerumbet oil
which
increases the body weight of test animals by
suppressed the activity of the sympathetic nerve and
lipolysis. Aromatherapy can be a solution to replace the
synthetic drugs used to overcome obesity. Obesity
needs to be overcome because it can cause
degenerative diseases, such as hypercholesterolemia,
constriction of blood vessels, diabetes, high blood
17
pressure and coronary heart disease . Synthetic
18
19
drugs, such as sibutarmin
and orlistat
are two
types of slimming drugs commonly used to treat
obesity. However, both types of those drugs have been
reported to have harmful side effects. It is reported that
sibutarmin can increase the risk of cardiovascular
20
disease . Meanwhile, orlistat also can cause diarhea,
21
dyspepsia, flatulence and abdominal bloating . So, the
objective of this research is to analyse the potency of
clove leaf oil, eugenol, nonpolar extract, βcaryophyllene and isoeugenol (Fig. 1) in the form of
slimming aromatherapy by in vivo assay using rats.

Figure 1
Structures of eugenol, β-caryophyllene and isoeugenol

MATERIALS AND METHODS
(i) Plant material
Syzygium aromaticum leaves used in this experiment
were collected in the morning from the Conservation
and Cultivation Unit of Biopharmaca Research Center,
Bogor Agricultural University, Bogor, Indonesia in
November 2013. The sample was identified by
Herbarium Bogoriense, Cibinong, Indonesia.
(ii) Isolation of essential oil from clove leaves
About 750 g of chopped clove leaves were distilled for 3
hours with water (ratio 1:2) at 95-105°C. The distillate
obtained was stood for 24 hours and the oil separated
using a separation funnel. The yield of clove leaf
essential oil was 0.16% (w/w) based on the dry weight.
(iii) Isolation of eugenol
The optimum conditions for isolating eugenol were
22
based on the research by Fitria and Kawira . To the
clove oil distillate are added 4% NaOH solution. The
mixture was separated with a separation funnel to
obtain the eugenol phase, which is soluble in NaOH,
and a nonpolar extract. Furthermore, the eugenol
phase was put into a separation funnel and extracted
with technical n-hexane 3x. The eugenol phase which

was not soluble in n-hexane was separated, and 3%
HCl added to give a ratio of 1:2. Then the mixture was
allowed to stand for 24 hours. The eugenol phase was
separated with a separation funnel and washed with
distilled water. We then added anhydrate Na2SO4 and
filtered the mixture.
(iv) Isolation of β-caryophyllene with preparative thinlayer chromatography (PTLC)
β-Caryophyllene, which was presumed to exist in the
nonpolar extract, was separated by PTLC. The best
eluent was used which was n-hexane and ethyl acetate
(19:1). The spot with same Rf value as the standard Rf
of β-caryophyllenewas dredged and dissolved in n23
hexane . This mixture was then centrifuged. The
solvent containing β-caryophyllene was then reconcentrated.
(v) Gas chromatography-mass spectrometry (GC-MS)
analysis
The crude essential oil, eugenol, the nonpolar extract
and β-caryophyllene were analysed by GC-MS
(Shimadzu-QP-5050A). Column: HP-5MS, 60 m x 250
µm ID x 0.25 µm film thickness. Temperature program:
−1
from 70°C to 290°C (40 minute) at 15°C.minute .
Injection temperature: 290°C. The injection port
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temperature was 290°C and that of the detector was
250°C. Injection mode: split (50:1). Inlet pressure: 18.03
psi. The carrier gas was helium with a flow rate of 1
−1
mL.minute . The mass spectrometer conditions were
as follows: ionization voltage 70 eV. MS source
temperature at 250°C; MS quadruple temperature at
150°C; interface temperature at 290°C; electron
ionization mass spectra was acquired over the mass
range 40-800 m/z.
(vi) In vivo Analysis
Thirty-six 2-month-old male Sprague-Dawley rats
weighing 250-260 g were used in this study. Before
treatment, the rats had been adapted for 2 weeks. For
the first week of the adaptation period, rats were given
standard feed, whereas at the second week of the
adaptation period, rats were given a high-fat diet (HFD).
The rats were grouped into 6 groups, each group
consisting of 6 rats. During the treatment period, all
groups of rats were given a high fat diet at a dose of 25
24
g/animal/day and given mineral water ad libitum, but
each group was given different treatments. Group 1
was used as a negative control without any inhalation
treatment. Treatment groups 2, 3, 4, 5 and 6 received a
high fat diet and inhaled clove oil, eugenol, nonpolar
extract, β-caryophyllene and isoeugenol are diluted 100
× in water. During 5-weeks of treatment, body weight
was measured every week and the residue of feed
consumed was weighed each day. Blood samples were
collected after the rats had fasted for 12 hours and had
been sedated by injecting ketamine and xylazine with
−1
−1
doses of 80 mg.kg and 10 mg.kg based on body
weight. At the end of the adaptation period, blood
samples were taken through the vein of the rat’s tail.
Meanwhile, at the end of each treatment period, blood
samples were taken exsanguinous. The lipid profile of
the resultant blood was analyzed (triglycerides and total
cholesterol) using the standard routine kit of Biolabo SA
(Maizy, France). Furthermore, body fat tissue from the
abdominal cavity and perineal area were removed and

weighed. All procedures using animals have been
approved by the Animal Ethics Committee of Bogor
Agricultural University (No. 04.2013 IPB).
(vii) Statistical analysis
The data for body weight, body fat tissues weight and
lipid profiles of the test animals were analysed using a
completely randomized block design and with an
analysis of variance (ANOVA) at a confidence level of
95% (α level of 0.05) using SPPS 20 software. The
16
Duncan’s multiple range test was also used .

RESULTS AND DISCUSSION
The result of GC-MS analysis showed that the major
compounds in the essential oil of clove leaves were
eugenol (58.6%), β-caryophyllene (21.4%), α-humulene
(5.6%) and caryophyllene oxide (2.9%) (Fig. 2a).
5
Jirovetz et al. indicated similiar components in the
essential oil of clove leaves from their isolation,
including eugenol (76.8%), β-caryophyllene (17.4%)
and α-humulene (2.1%). Eugenol in clove oil was
dissolved in 4% NaOH, creating salts of Na-eugenolate,
while nonpolar components was not dissolved.
Therefore, the nonpolar extract, which contains βcaryophyllene, can be separated. Eugenol was
obtained by adding 3% HCl into the Na-eugenolate
solution. The yield of eugenol and nonpolar extract
were 57.0% and 15.0%, respectively. A chromatogram
of eugenol isolate is shown in Figure 2b. This showed
there was a significant change indicated by an
increasing of eugenol concentration from 58.6% to
84.8%. In addition, this chromatogram showed there
was
no
β-caryophyllene,
α-humulene
and
caryophyllene oxide which was identified in clove oil
previously. Meanwhile, the chromatogram of nonpolar
extract (Fig. 2c) showed there has been an increase in
concentration of some nonpolar compounds,
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Figure 2
Total ion chromatogram of clove oil (a), isolated eugenol (b), nonpolar extract (c)
and isolated β-caryophyllene (d)

such as β-caryophyllene (35.1%), α-humulene (11.8%),
caryophyllene oxide (6.7%) and α-copaene (4.6%),
while the concentration of polar components (eugenol)
decreased to 12.2%. Isolation of β-caryophyllene using

preparative TLC resulted in 6 separated-spots. The
spot at Rf 0.95 was collected because it has same Rf
value as standard β-caryophyllene. This result (Fig. 2d)

Table 1
Constituents of clove oil, eugenol, nonpolar extract and β-caryophyllene
Group name
Phenyl propanoid
Sesquiterpene

Sesquiterpene alcohol

Compound name
Eugenol
α-Copaene
β-Caryophyllene
α-Humulene
δ-Cadinene
Caryophyllene oxide

Clove oil
58.56
21.37
5.57
2.94

was also supported by qualitative analysis using KLT
and anisaldehyde-H2SO4 reagent. β-Caryophyllene (the
standard and isolation product) showed violet-colored
23
spot appropriating with literature . The yield obtained
was 40.8% and contained 82.6% in the highly puritied
sample (Table 1). According to our GC-MS
chromatogram (Fig. 2d), the purity of β-caryophyllene
which previously was 35.1%, increased substantially,
but α-humulene was also present (12.1%). Both
compounds are isomer components which have similar
polarities. This means that β-caryophyllene cannot be
separated from α-humulene in our preparative TLC
process. The effects of the inhalation to the test animals
was by observing the initial and final weight, fat

Isolated eugenol
84.82
-

Percentage (%)
Nonpolar extract
12.20
4.57
35.10
11.79
6.66

Isolated β-caryophyllene
0.98
0.85
82.56
12.12
1.05
0.31

deposits and lipid profile. The results of analysis of
variance (ANOVA) showed that the body weight of each
group was not significantly different at the end of the
adaptation period (P > 0.05), whereas at the end of
inhalation, there was significantly different (P < 0.05).
Post hoc Duncan analysis showed that groups which
inhaled clove oil had the lower average of body weight
(238 g) compared to groups which inhaled βcaryophyllene but the result was not significantly
different compared with the negative control (P > 0.05).
Data in Table 2 showed that the group which inhaled
clove oil had lowest level of feed consumption
compared with the other groups during 5 weeks of
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Table 2
Average body wight and feed consumption in all groups
Body weight (g)
Feed Consumption (g/Animal/day)
Before treatment After treatment Adaptation period Treatment period
HFD (High Fat Diet)
282 ± 14a
252 ± 25ab
25 ± 0
16 ± 6
HFD + clove oil
275 ± 18a
238 ± 13a
25 ± 0
14 ± 5
HFD + eugenol
282 ± 16a
258 ± 24ab
25 ± 0
15 ± 5
a
HFD + nonpolar extract
279 ± 18
246 ± 24ab
25 ± 1
14 ± 5
HFD + β-caryophyllene
283 ± 18a
260 ± 36b
25 ± 0
16 ± 5
HFD + isoeugenol
282 ± 13a
252 ± 29ab
25 ± 0
16 ± 5
Number that is followed by the same superscripts were not significantly different (P > 0.05) (Duncan’s multiple range test)
Treatment Groups

treatment. This was one factor that caused rats which
inhaled clove oil to have the lowest average body
weight compared with other groups. The potency of
slimming aromatherapy also can be seen from the
percentage of body fat tissues per unit body weight of
rats after the inhalation period. Figure 3 showed that

the groups which inhaled clove oil had a lower
percentage of body fat tissues than the negative
control. Meanwhile, inhalation of β-caryophyllene
revealed a higher percentage of body fat tissues than
the negative control. This result correlates with body
weight of the three groups, but these results were

Figure 3
Percentage of body fat tissues per body weight of rats in each group

not significantly different (P > 0.05). Most interesting is
the result produced by the group inhaling isoeugenol.
This group has the lowest percentage of body fat
tissues at 1.8%, and the result was significantly
different compared with negative controls (P < 0.05). A
compound or mixture of compounds has potency as a
slimming drug if it can stimulate fat burning, block
25
absorption of fats and reduce appetite . According to
our data, isoeugenol showed potency in slimming
aromatherapy. Inhalation of isoeugenol can not
decrease both appetite and body weight, but it can
reduce the weight of fat tissues in a significant way (P <
0.05). The mechanism of slimming aromatherapy has
correlation with an aroma effect in which there is
influence on the activity of the sympathetic nerve. The
aroma of an active compound which causes increasing
sympathetic nerve activity will decrease both appetite

13

and body weight . Meanwhile, the aroma causing a
decreasing of sympathetic nervous activity will increase
15,16
both appetite and body weight
. High sympathetic
nerve activity will be proportional with the increased
lipolysis. It will increase the level of triglycerides which
were divided into free fatty acids so, it will increase heat
production through the activity of uncoupling protein 1
26
(UCP1) , which will then affect an increase of both
body temperature and energy consumption through
uncoupling oxidative phosphorylation. The total
concentration of cholesterol in each inhalation group
was not significantly different compared with negative
control (P > 0.05). The lowest and the highest values
for total concentration of cholesterol were produced by
groups which inhaled eugenol and nonpolar extract,
respectively.
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Table 3
Total concentration of cholesterol and triglycerides after the inhalation period
Groups
Cholesterol (mg/dL) Triglyceride (mg/dL)
HFD (High Fat Diet)
138.844 ± 45.152abc
52.860 ± 7.881b
HFD + clove oil
123.940 ± 23.557ab
31.892 ± 11.704a
HFD + eugenol
120.572 ± 16.415a
32.446 ± 5.656a
c
HFD + nonpolar extract
167.145 ± 11.909
37.408 ± 16.864ab
HFD + β-caryophyllene
147.526 ± 8.520abc
46.251 ± 15.124ab
bc
HFD + isoeugenol
155.257 ± 17.597
38.477 ± 9.757ab
Number that is followed by the same superscripts were not significantly different (P > 0.05) (Duncan’s multiple range test)

Meanwhile, analysis of triglyceride concentration
showed the group which inhaled clove oil had the
lowest concentration and it was significantly different
compared with negative control, and which resulted in
the highest triglyceride concentration (P < 0.05) (Table
3). The total concentration of cholesterol and
triglycerides produced by each group was within in the
27
normal range .

CONCLUSION
Inhalation of isoeugenol at a concentration at 1%
showed their potency in slimming aromatherapy by
decreasing body fat tissues of rats. The aroma of

isoeugenol can stimulate the oxidation of fat in the body
of rats. Meanwhile ,inhalation of both clove oil and
eugenol can decrease triglycerides concentration in the
blood.
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