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The leaves of star fruit plants (Averrhoa carambola) have been traditionally
used to cure many diseases, such as hypertension and fever. Besides, the leaves
of this plant have also widely been used as the main raw material in lawar (a
Balinese traditional food) making. In this research, the methanol extract of this
plant leaves was analyzed and identified for active compound contents. The main
objective of this research was to investigate types of possible active and applicable
compounds contained in such leaves, previously extracted/macerated in methanol
solution. Analysis was conducted by applying GC-MS instrumentation using
methanol solution. The results showed that 10 possible active and applicable
compounds (Butane, 1,1-diethoxy-3 methyl-(CAS)1.1-DII, Dodecanoic acid,
methyk ester(CAS) methyl, Dodecanoic acid, methyl ester (CAS) Ethyl Laun,
Pentadecanoic acid ethyl ester, Hexadecanoic acid methyl ester (CAS) Methyl pa,
OCTADECA 9.12 DIENOIC ACID METHYL, 9-Octadecenoic acid methyl ester
(E)-(CAS), Octadecanoic acid methyl ester, and (E) 9-Octadecanoic acid ethyl
ester) were identified in methanol extract of such leaves. Among those compounds,
Butane, 1,1-diethoxy-3-methyl and Hexadecanoic acid, methyl ester was two most
abundance constituents with percentage of peak areas of 35.67% and 26.93%,
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respectively.

1. Introduction

Sweet star fruits plants are fruiting all seasons
for the whole year. The fruits of this plants contain
high level of vitamin A and C and have potential as
antioxidant properties. Leaves and fruits of this plant
have been used emphirically to cure various diseases,
such as skin diseases, worm infestations, diarrhea,
vomiting, hemorrhoids, or intermittent fever. These
were extensively reviewed by Dasgupta et al. (2013)
and Muthu et al. (2016). In Bali, such plant leaves have
also been used as raw material for lawar (a traditional
Balinese food) making. Such traditional food is commonly
served in any Balinese ceremonial evets, such as temple
festivals or weding ceremony (Astiti et al. 2019).

Herbal medicines developed worldwide have alsobeen
conducted by exploiting potential plant components.
This indicates that people tend to be back to nature to
achieve optimal healthiness or to cope with various
diseases naturally. Radical-induced oxidative stress
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has been recognized to stimulate various degenerative
related diseases, such as cancer, coronary heart attack
or early aging (Phaniendra et al. 2014). Human body
frequently needs additional antioxidant to fulfil the
body need, and this can often be obtained from plant
materials (Ping Xu et al. 2016). Chau et al. (2004) as
reviewed by Saghir et al. (2013) found that insulable
fiber-rich fractions of pomace of A. corembola effectively
increase glucose absorption, retard glucose diffusion,
delay the release of glucose from starch, and inhibit the
activity of a-amylase to different extents. These results
in a decreased glucose level in blood of animals used
in their experiment. In other words, the compounds of
such plant have hypoglycemic effect on the animals.
In our body, metabolic pathways of complex molecules
often produce molecules with unpaired electron on their
outermost orbit that make them very reactive. These
molecules are known as free radicals (Phaniendra et al.
2014). Such molecules tend to initiate chain reactions
within human body and cause damages continuously
(Butnariu and Samfira 2012). These free radicals have
been reported to have adverse effect in many biological
complex molecules, such as protein, lipid, as well as



HAYATI J Biosci

Vol. 28 No. 1, January 2021

nucleic acids by altering normal status of redox reaction
involving such complex molecules which lead to an
increase in oxidative stress (Phaniendra et al. 2014).
Under normal conditions, human body has endogenic
defence system against these free radicals. This is normally
overcome by cellular metabolism of normal cells and
inflammation (Closa and Folch-Puy 2004). The level
of free radical species in human body is also reported
to be due to stress factors, such as radiation, smoke of
cigarette, and pollution (Srivastava and Kumar 2014).
If this happens, our body will need extra antioxidant
that can be obtained from our diets to neutralize those
excessive free radicals.

Being a mega biodiversity country, Indonesia has
various types of plants with high antioxidant content.
Star fruit plants are examples of Indonesian flora that
need to be explored as antioxidant sources. The leaves
of those plants (in the form of foods, such as lawar)
are believed to improve human health by Balinese
people (Yusa and Suter 2014; Astiti et al. 2019),
although knowledge on pharmacological potency of
such leaves is still limited until recently. Therefore,
identification of active and applicable compounds
content of such plant leaves is urgently needed,
and this was conducted in our current research. The
main objective of this research was to investigate
types of active compounds contained in the extract
of leaves of such plants, so that their potency for
health improvement and other applications can be
recognized.

2. Materials and Methods

This is an explorative research using methanol
extract of sweet star fruit leaf powder. Extraction
was conducted by maceration method specified by
Fauziati(2017). Aquantity of 50 gleaf powder of sweet
star fruit plant (A. carambola) was extracted with 250
ml methanol, shaken for 2 hours, macerated for 24
hours, and filtered. The filtrate was then evaporated in
avacuum rotary evaporator at 50°C to concentrate the

extract, and fractionated through a silica gel column
using eluents with various polarities. The choice of
eluent was based on like dissolves like. The moving
phase eluents used were: 100% n-hexane, n-hexane:
dichloromethane (1:1), 100% dichloromethane,
dichloromethane:ethyl acetate (1:1), 100% ethyl
acetate, ethyl acetate:ethanol; (1:1), 100% ethanol,
ethanol:methanol (1:1), and 100% methanol. The
amount of each eluent used was 50 ml. The active
components of the extract of sweet star fruit plant
leaves was analysed using a GC MS instrumentation
(GC-MS QP-2010 Ultra Shimadzu equipped with GC-
MS postrun analysis and GC-MS real time analysis
software). The conditions of the GC instrument were
adjusted as specified in Solanki et al. (2018) with
slight modification. The injection port temperature
was maintained at 270°C and the setting of column
temperature was from 50°C to 220°C and then
increased to 270°C (10°C/minute), ending with 10
minutes constant temperature of 270°C. Helium UHP
gas (ALPHAGAZ He Helium) was used as the carrier.
The identification of the appeared constituents was
conducted by matching them with those specified
either in the Willey7.Libraries database or NIST08.LIB
database.

3. Results

Table 1 and figures 1-10 show possible active and
applicable compounds or constituents contained
in the methanol extract of sweet star fruit leaves.
In our research, ten main compounds appeared
following GC-MS analysis. As shown in Table 1,
Butane, 1,1-diethoxy-3-methyl and Hexadecanoic
acid, methyl ester appeared to be two most
abundance compounds successfully extracted from
leaves of Averrhoa carambola with percentage peak
areas of 35.67% and 26.93%, respectively. The other
8 compounds produced percentage of peak areas in
the range of 1.52-10.99% (Table 1).

Table 1. Compounds with various retention times, percentages of peak areas, molecular formula, and molecular weight

appeared following GC-MS analysis

Name RT* (Minutes) Peak area ( %) Molecular formula Molecular weight
Butane, 1,1-diethoxy-3-methyl 3,594 35.67 CH,,0, 160
Dodecanoic acid, methyl ester 11,697 3.62 C,H,0, 214
Dodecanoic acid ethyl ester 12,551 5.15 C,,H,0, 228
Pentadecanoic acid, ethyl ester 14,824 2.47 C,H,,0, 270
Hexadecanoic acid, methyl ester 16,215 26.93 C,H,,0, 270
Hexadecanoic acid, ethyl ester 16,890 8.69 C,H,0, 284
Octadeca-9,12-dienoic acid methyl 17,868 1.52 C,H,,0, 294
9-Octadecenoic acid, methyl ester 17,933 10.99 C,H;0, 296
Octadecanoic acid, methyl ester 18.165 2.31 C,,H;50, 298
9-Octadecenoic acid ethyl ester 18.545 2.67 C,,H,,0, 310

*Retention time
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Figure 2. The GC-MS mass spectra of Dodecanoic acid, methyl ester
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4. Discussion

4.1. Butane,1,1-diethoxy-3-methyl

The peak of this compound has retention time
of 3,594 minutes which is identical with Butane,
1,1-diethoxy-3-methyl as specified in the WILEY7.
LIB database GC-MS mass spectra. The GC-MS mass
spectra of this compound are shown in Figure 1.
According to Jong (2015) this compound can be used
to synthesize organics, production of ethylene, fuel,
mix of petroleum, and raw material for ethylene and
butadiene as well as main raw material of synthetic
rubber. The same compound was also reported to
appear in the tissue cultured plant extract of Stevia
rebudiana by Solanki et al. (2018). When compared
to the report of Solanki et al. (2018), the retention
time of such compound in our research was almost
a half. This was probably due to different solvent
used in the extraction and GC-MS conditions
applied. This appeared to be the most abundance
constituent, when compared to other 9 constituents
of the methanol extract of Averrhoa carambola with
a relative percentage peak area of 35.76% (Table 1).
When compared to the results reported by Solanki
et al. (2018) who identified 86 constituents from
Stevia rebudiana, this compound is much abundance
in Averrhoa carambola. This indicates that leaves of
Averrhoa carambola have potential as a source of
Butane,1,1-diethoxy-3-methyl.

4.2. Dodecanoic Acid, Methyl Ester

The peak of this compound has retention time of
11,697 minutes which is identical to the GC-MS mass
spectra of Dodecanoic acid, methyl ester as specified
in the WILEY7.LIB database. The retention time of this
compoundinourresult was shorter than thatreported
by Belakhdar et al. (2015) who found the retention
time of such compound of 15.25 minutes. The nature
of this compound is fatty acid methyl ester, and it
has been reported to have antibacterial, antifungal,
and antiviral properties by Ozcelik et al. (2005)
and Chandrasekaran et al. (2008). Such compound
has also been used as an alternative food flavour
enhancer (Alibaba 2019). Figure 2 shows the GC-MS
mass spectra of the Dodecanoic acid, methyl ester.
This constituent occurred in minor concentration
in our extract which was indicated by low relative
percentage of peak area (3.62%) (Table 1) when
compared to other constituents. Such constituent was
also indicated at low level in the extract of Thesium

humile by Belakhdar et al. (2015) where its relative
percentage of peak area was only 0.09% among 20
constituents. The GC-MC mass spectra of our extract
are shown in Figure 2.

4.3. Dodecanoic Acid Ethyl Ester

Dodecanoic acid ethyl ester obtained in our
experiment has retention time of 12.55 minutes
whichisidentical to the GC-MS mass spectra specified
in WILEY7.LIB database. This is a saturated fatty acid
with other names of Ethyl laurate; Lauric acid; Ethyl
ester; or Ethyl dodecanoate (Gideon 2015). The mass
spectra of this compound are shown in Figure 3.
Fatty acids with 14-18 carbon atoms (including this
compound) are good raw materials for hard soap
making as they will produce foamy soap with high
detergency (Cavitch 2001). This compound is also
a constituent of essential oils. According to Gideon
(2015), dodecanoic acid ethyl ester has potential as
antibacterial, antiviral, antioxidant, candidicide, and
hypercholesterolemic agents.

4.4. Pentadecanoic Acid, Ethyl Ester

The peak produced in GC-MS mass spectra of our
extract has retention time of 14,824 minutes which is
identical to the GC-MS mass spectra of Pentadecanoic
acid, ethyl ester according to WILEY7.LIB database.
This compound is a saturated fatty acid belongs to
fatty acid ethyl ester (Agoramoorthy et al. 2007).
Most saturated fatty acids have been reported to
have antifungal and anti-bacterial activity. Figure 4
shows the mass spectra of Pentadecanoic acid, ethyl
ester. Pentadecanoic acid, ethyl ester was found
to be minor level in our extract with percentage of
peak area of 2.47%. Such compound did not exist in
Thesium humile extract of Belakhdar et al. (2015).
Due to its antifungal and antibacterial properties,
it may have many applications in pharmaceutical
sectors, although its existence at low concentration
in our extract.

4.5. Hexadecanoic Acid, Methyl Ester

The peak of this compound has retention time
of 16,890 minutes which is identical to the GC-MS
mass spectra of Hexadecanoic acid, methyl ester as
specified in the WILEY7.LIB database. Hexadecanoic
acid methyl ester (metil palmitate) belongs to
fatty acid group with capacity as anti-bacteria by
disrupting bacterial cell wall and cell membrane.
Hexadecanoic acid, methyl ester was the second most
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abundance constituent in our extract with relative
percentage peak area of 26.93%. Such compound
was also reported by Balakhdar et al. (2015) being
one of the most abundance compound in the extract
of Thesium humile with relative percentage of peak
area of 21.25% and appeared at retention time of
20.92 minutes. The difference of retention times
was probably due to different operational conditions
of GC-MS. In the contrary, Hexadecanoic acid,
methyl ester did not appear in the ethanol extract
of Pistia stratiotes L. and Eichhornia crassipes (Mart.)
(Tyagi and Agarwal 2017) and in ethanol extract
of Pseudoglochidion anamalayanum (Gideon et al
2015). Hema et al. (2011) found this compound as
an excellent antioxidant and anti-inflammatory
constituent.Inmorerecentstudy Kavithaand Uduman
Mohideen (2017) reported that this compound has
capacity as antioxidant, hypocholesterolemic, and
antiandrogenic. Antimicrobial activity, particularly
on fungi, of compounds belong to fatty acid methyl
ester (including Hexadecanoic acid, methyl ester)
was also reported by Pinto et al. (2016). The ability
of this compound to work synergically with various
active compounds and increase its anti-bacterial
activity was reported by Padmini et al. (2010). The
mass spectra of this compound are shown in Figure 5.

4.6. Hexadecanoic Acid, Ethyl Ester

This compound has other name of stearic acid
which is commonly used as food supplement,
cosmetics, and industrial products. In the stearic
acid industry, this compound is used as a material in
wax, plastic, and soap making in addition to soften
rubber. Stearic acid is also used to harden soap.
Excessive use of stearic acid causing the soaps less
foamy while deficient in stearic acid in soap making
will cause the soaps stay liquid (Hart et al. 2003).
This compound has been reported to have activities
as hypercholesterolemic, lubricant, antimicrobial,
flavor, cosmetic, as well as perfumery (Gideon 2015).
In more recent study, antitumor activity of this
compound was also mentioned in the report of Tyagi
and Agarwal (2017). The GC-MC mass spectra of this
compound are shown in Figure 6.

4.7. Octadeca-9, 12-dienoic Acid Methyl

The peak of this compound has retention time
of 17,868 minutes which is identical to the GC-MS
mass spectra of Octadeca-9, 12-dienoic acid methyl
specified in the WILEY7.LIB database. Other name

of this compound is sterculic acid. Plant-based oil
consists of sterculic acid with molecular formula of
C,,H,,0,. This compound is used in various industries,
such as cosmetics, soaps, shampoos, fabric softeners,
paints, dan plastics. In kepoh plant, sterculic acid is
also used as adaptive biodiesel (Duengo 2011). Figure
7 shows the GC-MS mass spectra of Octadeca-9,
12-dienoic acid methyl. Many species of plants
contain such compound with various degree of
concentration, dependent on methods used in the
extraction. Satheesh Naik et al. (2018) also reported
from their study that the methanol extract of Eclipta
Alba roots showed the existence of this compound
following GC-MS analysis. The peak of this compound
appeared at the retention time of 17.9 minutes which
is approximately the same as that reported in our
current report. In more recent study Starlin et al.
(2019) reported 14 compounds from ethanol extract
of Tylophora pauciflora, and one of those compounds
was identified as Octadeca-9, 12-dienoic acid
methyl. They found that the retention time of this
compound in the ethanol extract was 16.43 minutes
which is similar to our finding as shown in Table 1.
The existence of this compound was very minor in
our extract with relative percentage of peak area of
less than 2% (Table 1). This was significantly lower
than that reported by Starlin et al. (2019) where its
relative percentage peak area reached 7.93%, among
14 constituents appeared in their extract (ethanol
extract of Tylophora pauciflora) following GC-MS
analysis.

4.8. 9-Octadecenoic Acid, Methyl Ester

The GC-MS mass spectra of our extract with
retention time of 17,933 minutes (Table 1) is identical
to mass spectra of 9-Octadecenoic acid, methyl ester
based on WILEY7.LIB database. This compound
belongs to unsaturated fatty acid methyl ester, with
other name of oleic acid (Belakhdar et al. 2015). The
mass spectra of this compound are shown in Figure
8. Gideon (2015) also identified this compound in the
extract of Pseudoglochidion anamalayanum following
GC-MSanalysis. The existence of this compound inour
extract was relatively high with relative percentage
of peak area of 10.99% (Table1). This value is almost
5 and 6 times higher than that reported by Belakhdar
et al. (2015) and Gideon et al. (2015), respectively.
The difference of percentage peak areas may be
due to different types of plant species extracted.
The 9-Octadecenoic acid, methyl ester is the most
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important saturated fatty acid in the production of
biodiesel. Biodiesel with high saturated bond has
high octant number and resistant to antioxidant.
This compound can be used to produce good quality
biodiesel (Gultom 2001 ). Besides, this compound has
also potential for use as a flavoring, cancer preventive,
as well as an anti-inflammatory agent (Gideon 2015).

4.9. Octadecanoic Acid, Methyl Ester

The peak has retention time of 18.165 minutes
which is identical to GC-MS mass spectra of N
Octadecanoic acid, methyl ester according to NIST
08.LIB database. This compound belongs to fatty
acid methyl ester with a molecular weight of 298
Dalton (Table 1). Although it was not elucidated in
our research, some researchers, such as (Imaniar et
al. 2013; Perumalsamy et al. 2015) reported that this
compound plays important role as insecticide as well
asbeingeffective to controllarvae of Aedes aegyptiiand
Culex pipiens pallens. This compound was also found
to be effective to control bacterial and fungal growth
(Ozgelik et al. 2005; Sanchez et al. 2014). Based on
the percentage peak area produced, this compound
was one of minor compounds in the methanol extract
of Averrhoa carambola with a relative peak area of
2.31% (Table 1). This result was in line with those
reported by Belakhdar et al. (2015) who also found
such compound as a minor constituent in the extract
of Thesium humile, with a relative percentage peak
area of 3.07%. The GC-MS spectra of this compound
are shown in Figure 9.

4.10. 9-Octadecenoic Acid Ethyl Ester

The peak of compound with retention time of
18.545 minutes in our extract is identical to GC-
MS mass spectra of 9-Octadecenoic acid ethyl ester
according to NIST 08.LIB database. This is a steroid-
like compound which is useful for lubricant and
plasticizer (Fessenden and Fessenden 2000). This
compound also has perfumery properties (Ross
2003). This compound has several different name,
such as Ethyl 9-octadecenoate and Ethyl (9E)-9-
octadecenoate (Gideon 2015). Such compound
also appeared in the extract of Pseudoglochidion
anamalayanum (Gideon 2015), Pistia stratiotes L.
and Eichhornia crassipes (Mart.) solms (Tyagi and
Agarwal 2017), as well as Cenchrus ciliaris L. (Arora

et al. 2017). The existence of this compound in our
extract was at low level (relative peak area of less
than 3%, which is a half of that reported by Gideon
(2015). In the contrary, Kanimozhi and Bai (2012)
reported that 9-Octadecenoic acid ethyl ester is the
most abundance constituent in the ethanol extract of
Coriandrum sativum with relative percentage of peak
area of 56.68%. Although it is only a minor compound
in many plant extracts, its importance for industrial
use is very significant, particularly as an important
constituent of perfumes (Ross 2003). The GC-MS
mass spectra of this compound are shown in Figure
10.

5. Conclusion

Ten compounds possibly active or applicable in
pharmaceutical and other sectors were identified
in the methanol extract of sweet star fruit leaves
following application of GC-MS instrumentation in
the analysis. These include: Butane, 1,1-diethoxy-3
methyl-(CAS)1.1-DII; Dodecanoic acid, methyk
ester (CAS) methyl; Dodecanoic acid, methyk ester
(CAS) Ethyl Laun; Pentadecanoic acid ethyl ester;
Hexadecanoic acid methyl ester (CAS) Methyl
pa; Hexadecanoic acid, ethyl ester; Octadeca 9.12
dienoic acid methyl; 9-Octadecenoic acid methyl
ester (E)-(CAS); Octadecanoic acid methyl Ester;
and 9-Octadecanoic acid ethyl ester. The Butane,
1,1-diethoxy-3-methyl and Hexadecanoic acid,
methyl ester appeared to be two most abundance
constituents in the methanol extract of Averrhoa
carambola, with percentage of peak areas of 35.67%
and 26.93%, respectively.
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