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Abstract
The aim of this study was to determine the morphological characters and essential components of clove oil extract from buds,
stalks, and leaves of Syzygium aromaticum var. Tuni and S. aromaticum var. Zanzibar. The results showed that the Tuni
clove varieties had a larger size of the leaves, fruit and seed morphology than the Zanzibar variety. The results of the essential
component characterization are obtained information that bud oil of Tuni variety was composed of eugenol (67.9%), the stem
oil contained eugenol (80.6%), the leaf oil contained eugenol (60.5%). The bud oil of Zanzibar variety was constituted of
eugenol (47.4%), the stem oil contained eugenol (67.5%), the leaf oil contained eugenol (63.5%). The main components of
both varieties of clove oil were eugenol, followed by caryophyllene, eugenyl acetate, and other minor components. Climate
factors such as rainfall, humidity and air temperature on Ambon Island did not significantly affect the eugenol content of
both varieties.
Key words : Aromatic clove, Maluku, Syzygium aromaticum, Tuni, volatile oil, Zanzibar.

Introduction
Syzygium aromaticum (L.) Merr. & L. M. Perr.

(Myrtaceae), known as clove, is an Indonesian native
plant especially from the Maluku islands (Milind and
Deepa, 2011; Rathinam and Viswanathan, 2018; Alfian
et al. 2019; Mahulette et al. 2019a). As part of the center
of clove origin in the Maluku Islands, Indonesia, Ambon
Island has many typical clove germplasm including
aromatic cloves varieties (Milind and Deepa, 2011). S.
aromaticum var. Tuni is typically from Maluku which is
widely cultivated compare to S. aromaticum var.
Zanzibar. The two types of clove varieties were
morphologically different but still in the aromatic clove
group. To date, dried clove buds are the main portion of
the plant to be utilized, but the extraction of essential oils
from these two varieties from Ambon island is still limited.

Clove oil is produced by plants via secondary
metabolic pathways (Atanasova-pancevska et al., 2017),

can be extracted from buds (bud oil), flower stalks (stem
oil), and leaves (leaf oil) (Riyanto et al., 2016; Uddin et
al., 2017) through hydrodistillation, steam distillation or
dry distillation (Sahraoui and Boutekedjiret, 2015; Rassem
et al., 2016; Nam et al., 2017). essential oil and its
derivative products such as oleoresin (Kamatou et al.,
2012; Gaspar et al., 2018) are commercially advantage
and widely used in the health, food, cosmetics industries
(Chóez-guaranda et al., 2017; Nejad et al., 2017), food
preservatives, pesticides, and fumigants (Kamatou et al.,
2012; Xu et al., 2016). The main component of clove oil
is eugenol which has antiseptic and analgesic activities
(Riyanto et al., 2016), anti-inflammatory (Chicca et al.,
2014), anti-oxidants (Hamed et al., 2012; Kasai et al.,
2016), anti-fungal (Pinto et al., 2009), anti-bacterial
(Mohamed and Badri 2017), anti-viral (Rathinam dan
Viswanathan 2018), anti-cancer (Rahman et al., 2018),
and widely used in the treatment of teeth and gums
(Pulikottil and Nath, 2015).

Previous studies on clove essential oil originated from
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Ambon Island found that the main components were
eugenol, caryophyllene, and eugenyl acetate, where
eugenol was the highest and most abundant constituent
in stem oil (97.2–98.8%) (Sohilait, 2015). The results of
the study informed the volatile components of cloves on
Ambon Island but were not specific to certain varieties.
Maluku Province as the center of origin of clove plants
has a high diversity of clove germplasm. The cloves of
Tuni and Zanzibar varieties are part of the clove
germplasm in Maluku and are widely cultivated by
farmers. Until now, information about the content of
essential oils from flower buds, flower stalks, and leaves
of both varieties is still limited. Both clove varieties are
classified as cultivated cloves from the aromatic group.
Other studies of aromatic cloves from different parts of
the morphology have also been reported. S. aromaticum
from Bangladesh found that bud oil was composed of
eugenol (60–90%), eugenyl acetate, caryophyllene, and
other minor components, and leaf oil contained eugenol
(82–88%), small amounts of eugenyl acetate, and other
minor components, while stem oil was composed of
eugenol (90–95%) and several other minor components
(Uddin et al., 2017). Previous research also reported
that clove buds contained 21.3% essential oil with eugenol
content of around 78–95%, flower stalks contained 6%
essential oil with eugenol content 89–95%, while leaves
contained 2–3% essential oil with eugenol content about
80–85% (Hadi, 2012). The difference in the composition
of essential oils in plants other than being influenced by
the parts of plant organs analyzed is also influenced by
other factors such as climate. Ambon Island, where the
cloves of Tuni and Zanzibar varieties have grown, have
climatic conditions that can affect the content of essential
oils produced. Ambon Island, where the cloves of Tuni
and Zanzibar varieties have grown, have climatic
conditions that can affect the content of essential oils
produced (Amini et al., 2016; Da Silva et al., 2016).
This paper reported the morphological characters and
composition and concentration of the components of clove
essential oil extracted from buds, flower stalks, and leaves
of S. aromaticum var. Tuni and Zanzibar originated from
Ambon Island. The knowledge of the clove essential oil
components is important for identifying its potential uses,
as such information about the composition and
concentration of essential oil of both Ambon clove varieties
is still limited.

Materials and Methods
Plant material

Plant material for morphological characterization and
volatile components are taken from productive plants>

15 years old. Samples were collected from Lilibooy
Village, Ambon Island, Maluku (03°44’46.8"E–
128°01’10.1"S at an elevation of 103.8 m) on September
2018 during the harvest time. The number of plants taken
consisted of 10 Tuni and Zanzibar varieties, respectively.
Measurement of plant morphology refers to modified
IPGRI (1980). The measurement of length using a ruler,
diameter using a caliper, weighing the weight using digital
scales, while the determination of color using the RHS
color chart (2015). 10 samples of leaves, flowers, fruits,
and seeds were taken for morphological measurements.
The measured leaves are the fourth leaf from the shoot
(Ruhnayat 2007), while the fruits and seeds taken are
physiologically mature. Flower bud, flower stalks and leaf
samples for distillation are carried out after plant
morphology measurements.

Buds and stalks were dried for 3–4 days before being
distilled while the leaves were dried on ventilated drying
oven at 30°C until the water content dropped to 10–15%.
To see the relationship between the main components of
clove oil of both varieties with climate factors, climate
data from Pattimura Meteorological Station (2018) were
used which included rainfall, air temperature, and air
humidity data during the period of flower initiation to
flowering bud harvesting.
Essential oil extraction

The dried clove buds were grinded before it was
distilled, while the dried flower stalks and leaves were
distilled directly. The process of distillation used
hydrodistillation method for 6 hours at 100°C until there
was no more oil coming out. The extracted oil was then
added to anhydrous sodium sulfate (Na2SO4) and was
inserted inside a dark bottle. The oil was stored in a tight
container with a temperature of 2°C. The component of
clove oil was analyzed using GC/MS. The volume of
essential oil (v/w) obtained from bud, stalk, and leaf were
1.3%, 1.0%, 0.4% for Tuni variety, and 1.3%, 1.2%,
0.35% for Zanzibar variety, respectively.
GC/MS analysis

The component of essential oils was analyzed by
Agilent Technologies 7890 Gas Chromatograph system,
which is equipped with HP INNOWAX capillary column
(30 m × 0.25 i.d., film thickness 0.25 ìm) and 5975 mass
selective detector and chemistation data system. Clove
oil was injected into the column using the GC/MS syringe
as much as 1 µL and carried by helium gas. The column
temperature was increased from 60°C (held 0 minutes)
to up to 150°C (held for 1 minute) and then the
temperature was increased 20°C/minute until 210°C (held
for 10 minutes). The mobile phase flow rate was set to
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0.6 mL/minute, the injector temperature was 250°C, 12
kPa pressures, and the injector split ratio was set to 250:1.
Data Analysis

Analysis of morphological characters and essential
components of GC/MS results is presented descriptively.
The chromatogram peaks that arose from the GC/MS
results were compared with the mass spectrum of the
Wiley 7 library 2003 and NIST 2005 v.2.0 on chemistation
data system (Wenqiang et al., 2007; Hossain et al.,
2012). The acquired volatile components were grouped
in a heatmap using the R Stat 3.1.0 program (package:
metabolomics, shiny, heatmap, shinyheatmaply). Principal
Component Analysis (PCA) to see the relationship
between the main components of clove oil and climate
factors used by XLSTAT software version 2019.1.

Results and Discussion
Morphological characters

The morphology of the cloves of Tuni and Zanzibar
varieties is shown in Fig. 1. The measurement results of
the morphological characters of the two varieties were
found to be informed that the cloves of the Tuni variety
had elliptical leaves with a length of 9.14±0.22 cm, the
width of 4.18±0.29 cm, leaf area of 28.50±2.43 cm. Old
leaf color Deep yellowish green/green group (141B),
shoot color moderate red/grayed red group (179D).
Flower buds are funnel-shaped, length 2.06±0.12 cm,
diameter 0.49±0.01cm, pale color greenish yellow/yellow
group (2D). Fruits and seeds are conical. Physiological
ripe fruit has a length of 2.62±0.18 cm, a diameter of
1.30±0.10 cm, the color of the dark purple/purple group
(79A). Seed length 1.98±0.08 cm, diameter 0.95±0.05
cm, light purple/purple group (75B).

Zanzibar varieties have elliptical leaves with a length
of 8.18±0.78 cm, the width of 3.38±0.52, leaf area of
23.30±4.30 cm2. Old leaf color Deep yellowish green/
green group (141B), shoot color moderate red/grayed
red group (179D). Flower bud is round-shaped funnel,
length 1.87±0.11 cm, width 0.50±0.01, color strong pink/
red group (49A). Fruit and seeds are conical. The fruit
has a length of 2.24±0.09 cm, the width of 1.36±0.05 cm,
the color of the dark purple/purple group (79A). Seeds
have a length of 1.55±0.05 cm, a diameter of 0.81±0.02
cm, a light purple/purple group (75B).
Climatic conditions

In Maluku province-Indonesia, the Tuni variety cloves
have a broad distribution in almost all Maluku regions
compared to Zanzibar varieties. The two clove varieties
grew from coastal areas to mountain forests in Maluku
and were cultivated in the form of agroforestry systems

Fig. 1: Morphology of clove Tuni (A) variety, Zanzibar variety
(B).

along with other plantation crops. On Ambon Island,
Maluku Province, the clove is distributed at an altitude of
0-700 m. According to Pattimura Meteorology Station
data (2018), in the clove harvest year 2018, the average
rainfall in the distribution area on Ambon Island is 5 435
mm-1, the average temperature is 24.9 oC, average
humidity is 85.6%. The distribution of rainfall, air
temperature, and humidity during the flower filling period
until the flower bud harvest of both varieties are presented
in Fig. 2.

Fig. 2: Climate conditions in the locations of the clove varieties
of Tuni and Zanzibar varieties on Ambon Island.

The cloves of Tuni and Zanzibar varieties on Ambon
Island enter a period of flower initiation in June and flower
bud harvest at the beginning of September. During the
harvest season in 2018, peak rainfall coincides with the
flower initiation period, ie in June (1430 mm) with
relatively high humidity (93%) and low air temperature
(25.40 oC). The rainfall decreases to 501 mm in
September, along with the flower bud harvest. At that
time the air humidity on Ambon Island ranged 87% with
an air temperature of 26 oC.
The components of clove essential oils from bud,
stalk, and leaf



The GC/MS analysis of clove oil (S. aromaticum) of
Tuni and Zanzibar varieties from Ambon Island showed
various essential oil components were listed in Table 1.
The main components of buds, flower stalks, and leaves
from the two varieties have various compositions and
concentrations. The GC/MS chromatogram results of Tuni
variety showed five volatile oil components were identified
from buds, flower stalks, and leaves. While, in Zanzibar,
variety six volatile oil components were identified from
bud and flower stalk, and five volatile oil components
were identified from leaf. The bud oil of Tuni varieties
was composed of volatile components of which eugenol
(67.9%), caryophyllene (21.1%), eugenyl acetate (6.2%),
-humulene (1.3%), patchouli alcohol (1.2%); stem oil
consisted of eugenol (80.60%), caryophyllene (13.0%),
eugenyl acetate (2.5%), -humulene (1.6%),
caryophyllene oxide (1.2%); and leaf oil contained eugenol
(60.5%), caryophyllene (32.2%), -humulene (3.5%),
eugenyl acetate (2.1%), and caryophyllene oxide (1.0%).
Bud oil of Zanzibar varieties are composed of eugenol
(47.4%), caryophyllene (25.3%), eugenyl acetate
(19.1%), -humulene (3.3%), -cadinene (1.9%),
copaene (1.5%); stem oil in the form of eugenol (67.5%),
caryophyllene (24.8%), -humulene (2.7%), eugenyl
acetate (1.8%), patchouli alcohol (1.5%), cryophyllene
oxide (1.0%); leaf oil in the form of eugenol (63.5%),
caryophyllene (29.1%), -humulene (3.2%), eugenyl
acetate (2.8%), caryophyllene oxide (1.0%).

The results of this study revealed that the highest
values of eugenol were found in flower stalks in compare
with the extracted oils from the buds and leaves. The
Tuni variety had the highest concentration values of
eugenol in the flower stalk (80.6%) but contained low
levels of caryophyllene (13.0%). In this variety,
Table 1 : The chemical composition of essential oils (S. aromaticum) of Tuni and Zanzibar varieties originated from Ambon Island.

S. arom- Buds Stalks Leaves
aticum
varities RT Q Components Conc. (%) RT Q Components Conc. (%) RT Q Components Conc.(%)
Tuni 50.0 98 Eugenol 67.9 50.0 97 Eugenol 80.6 50.0 98 Eugenol 60.5

26.9 99 Caryophyllene 21.1 26.9 99 Caryophyllene 13.0 26.9 99 Caryophyllene 32.2
51.3 99 Eugenyl acetate 6.2 51.3 99 Eugenyl acetate 2.5 30.7 99 -humulene 3.5
30.7 98 -humulene 1.3 30.7 99 -humulene 1.6 51.3 99 Eugenyl acetate 2.1
50.2 99 Patchouli alcohol 1.2 46.2 91 Cryophyllene oxide 1.2 46.2 94 Cryophyllene oxide 1.0

Zanzibar 50.0 98 Eugenol 47.4 50.0 98 Eugenol 67.5 50.0 98 Eugenol 63.5
26.9 99 Caryophyllene 25.3 26.9 99 Caryophyllene 24.8 26.9 99 Caryophyllene 29.1
51.3 99 Eugenyl acetate 19.1 30.7 98 -humulene 2.7 30.7 98 -humulene 3.2

  30.7 98 -humulene 3.3 51.3 99 Eugenyl acetate 1.8 51.3 99 Eugenyl acetate 2.8
35.6 99 -cadinene 1.9 50.2 99 Pathchouli alcohol 1.5 46.2 95 Caryophyllene oxide 1.0
21.6 99 Copaene 1.5 46.2 94 Cryophyllene oxide 1.0

RT=retention time. Q=quality. Data were obtained from six essential oils from Tuni and Zanzibar varieties from June to September 2018.

caryophyllene levels were the highest in the extracted
leaves oil (32.2%), while the highest levels of eugenyl
acetate were found in the extracted oil from buds (6.2%)
but found in low levels in the extracted oil from flower
stalks and leaves (2.2% and 3.5%). The same condition
was determined in Zanzibar variety, in which eugenol
was determined as the main component and was found
in high levels in the extracted oil from flower stalks
(67.5%) then followed by the leaves (63.5%) and was
the lowest in buds (47.4%). In this variety, caryophyllene
was found in almost the same concentration in the
extracted oil from buds, flower stalks, and leaves (25.3%,
24.9%, 29.1%, respectively). While the highest levels of
eugenyl acetate were found in bud oil (19.1%) and in the
lowest level in both stem and leaf oil (1.8% and 2.8%,
respectively).
The main components of the extracted oil from bud,
stalk, and leaf

Essential oils of cloves (S. aromaticum) were distilled
from three parts of the plant; buds, flower stalks, and
leaves. Apart from having different compositions, essential
oils contain specific components of each distilled part of
the plant (Fig. 3). Analysis results have shown that the
components of the extracted essential oil from S.
aromaticum can be divided into two groups. Eugenol,
caryophyllene, eugenyl acetate, and –humulene as the
first group and caryophyllene oxide, patchouli alcohol,
copaene, -cadinane as the second group. The first group
is considered as the main components of clove oil (S.
aromaticum) because it was found in high concentration
while the second group is considered as minor as its
presence in clove oil was in low concentration. According
to the analyzed plant parts, two groups were found; the
main group included the extracted clove oil from buds of
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Zanzibar variety and the rest of the extracted oil from
other plant parts as a second group. Although bud oil of
Zanzibar (first group) did not contain caryophyllene oxide
and patchouli alcohol, it contained copaene and -
cadinane. In contrast to the second group that contained
all the volatile components of essential oil but lacked both
copaene and -cadinane. Heatmap results showed that
the main components of the extracted clove oil (S.
aromaticum) of Tuni and Zanzibar varieties from all the
analyzed plant parts was eugenol followed by
caryophyllene, eugenyl acetate, and other minor
components.

Fig. 3: Heatmap for each group of the essential oil of S.
aromaticum . Main components (A), minor
components (B). Components: Caryophyllene (A1),
-cadinane (A2), eugenol (A3), copaene (A4), -
humulene (A5), patchouli alcohol (A6), eugenyl acetate
(A7), caryophyllene oxide (A8). Clove oil: bud oil-Tuni
(TB), stalk oil-Tuni (TTB), leaf oil-Tuni (TD), bud oil-
Zanzibar (ZB), stalk oil-Zanzibar (ZTB), leaf oil-
Zanzibar (ZD).

Principle Component Analysis (PCA)
The cloves of Tuni and Zanzibar varieties have the

main components, eugenol, caryophyllene, eugenyl
acetate, and -humulene. The main components are
influenced by climate factors such as rainfall, air
temperature, and humidity. Analysis of the relationship
of the main components with climate factors was
analyzed using the Principle Component Analysis (PCA)
(Figure 4). The results of PCA analysis obtained two
eigenvalues which are 4.20 with the variability of 60.05%
and 2.39 with the variability of 34.16%. Both eigenvalues
have a variety of data is 94.21 (% cumulative/total
variant). The PCA results in this study showed that
eugenol and eugenyl acetate did not correlate with
environmental factors while caryophyllene and -
humulene were negatively correlated with rainfall and
humidity. Higher rainfall and air humidity will reduce the
content of caryophyllene and  - humulene. Furthermore,
caryophyllene and -humulene also have a positive
correlation with air temperature. The higher the air
temperature will increase the content of caryophyllene
and -humulene.

Fig. 4: Principle Component Analysis (PCA) the relationship
between the main components of clove oil and climate
factors. Main component: eugenol (E), caryophyllene
(C), eugenyl acetate (Ea), á–humulene (á-hmln); Climate
factors: rainfall (R), air temperature (T), air humidity
(RH).

The cloves of Tuni and Zanzibar varieties have almost
the same morphology but the difference is prominent in
leaf size and shoots color. Zanzibar varieties have slightly
smaller leaf sizes and reddish shoots than Tuni varieties.
Both varieties are classified as cultivated cloves from
the aromatic group which can produce essential oils. GC/
MS analysis results indicated that Tuni and Zanzibar
varieties were composed of almost the same main
components of essential oil in the extracted oil from buds,
flower stalks, and leaves. Both clove oil varieties show
the main components, eugenol, caryophyllene, eugenyl
acetate, and -humulene. Such results were in
accordance with the previous research results that
reported that the main components of clove essential oil
(S. aromaticum) are eugenol followed by caryophyllene,
and acetoeugenol (Atanasova-pancevska et al., 2017;
Uddin et al., 2017; Gaspar et al., 2018).

Eugenol as the main component is at the highest
concentration then followed by caryophyllene in the whole
bud oil, stem oil, and leaf oil. Eugenol and caryophyllene
as the main component were found at the highest
concentration compared to other components from all
the part of the plant of both varieties. Such results are in
accordance with other reports that confirm the main
component of S. aromaticum is eugenol then
caryophyllene and other minor components (Gaspar et
al., 2018). The relatively high concentration values of
eugenol and caryophyllene in the extracted clove oil (S.
aromaticum) determines its quality. Previous reports
confirmed that levels of eugenol and caryophyllene were
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crucial in high-quality clove oil (Riyanto et al., 2016;
Gaspar et al., 2018). Both eugenol and caryophyllene
are responsible for the distinctive aroma of clove oil.
Eugenol is a phenylpropanoid with a molecular weight of
164.2 g/mol, soluble in organic solvents, has a pale yellow
color, and with distinctive aroma (Kurniawan et al., 2017;
Nejad et al., 2017). Caryophyllene is a sesquiterpene
that found in high levels in clove oil which is used in natural
remedies and also as a fragrance (Rios et al., 2014;
Vijayalaxmi et al., 2015).

In this study, eugenol was found to be highest in the
stem oils of both varieties. This obtained results were in
accordance with the previously reported results that
revealed the clove oil can be obtained from buds, flower
stalks, and leaves (Sohilait 2015; Riyanto et al., 2016),
and eugenol concentration level reached 95% in the
distillate extracted oil from the flower stalks (Nejad et
al., 2017; Uddin et al., 2017). Although the extracted oil
from stalks has the highest levels of eugenol, it was
reported that it was contained lower levels of
caryophyllene and eugenyl acetate in compare with the
oil extracted from both buds and leaves (Jentzsch et al.,
2017).

The production of essential oils of a plant is affected
by several factors including plant parts, physiological
variations, environmental conditions, geographical areas,
genetic factors and evolution (Dolveni et al., 2016; Amelia
et al., 2017; (Dolveni et al. 2016; Amelia et al. 2017;
Mahulette et al. 2019b). In this study, the production of
volatile components is influenced by the part analyzed,
also influenced by the environment in which it grows.
During the flower initiation period of both varieties on
Ambon Island, rainfall and humidity were very high while
the air temperature was low. The climatic conditions have
more influence on caryophyllene and -humulene while
eugenol and eugenyl acetate are not significantly affected
by these climate factors. These results indicate that
climate conditions affect the production of plant secondary
metabolites. Production of plant secondary metabolites
is strongly influenced by environmental conditions which
have a strong influence on the chemical composition of
plants (Maksimovic  ́et al., 2007; Amini et al., 2016; Da
silva et al., 2016).

Conclusion
Tuni clove varieties have a slightly larger size of

leaves, fruit flowers and seeds morphology than Zanzibar
varieties. The whole bud oil, stem oil, leaf oil of both
varieties have the main components namely eugenol then
followed by caryophyllene, eugenyl acetate, and -
humulene. Rainfall, air temperature, air humidity at the
growth of the two varieties in Ambon Island did not affect

the content of eugenol and eugenyl acetate clove oil but
it affected the content of caryophyllene and -humulene.
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