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INTISARI
Tumbuhan invasif Piper aduncum merupakan spesies tumbuhan yang berpotensi menghasilkan minyak
atsiri. Penelitian ini bertujuan untuk menentukan persentase, senyawa kimia yang terkandung, dan sifat antijamur dari minyak atsiri yang dihasilkan dari daun dan buah P. aduncum. Penelitian menunjukkan bahwa
daun dan buah P. aduncum mengandung masing-masing 0,30% dan 0,33% minyak atsiri. Apiol adalah
senyawa kimia paling melimpah yang diperoleh dalam minyak atsiri daun dan buah P. aduncum, masingmasing dengan konsentrasi 57,10% dan 66,31%. Kami menyimpulkan bahwa minyak atsiri yang diperoleh
dalam penelitian ini mampu menghambat pertumbuhan Aspergillus niger dan Cladosporium sp. namun tidak
mampu menghambat Fusarium oxysporum dan Fusarium solani.
Kata kunci: Antijamur, apiol, analisis GC-MS, IAPs, fitokimia, penyakit tanaman
ABSTRACT
An invasive Piper aduncum is a plant species that potentially produces essential oil. The study aims to
determine the percentage, phytochemical compounds, and anti-fungal properties of essential oil produced
from the leaves and fruits of Piper aduncum. The study showed that the leaves and fruits of P. aduncum
contain 0.30% and 0.33% of essential oil, respectively. Apiol is the most abundant phytochemical compound
obtained in essential oil of leaves and fruits of P. aduncum with 57.10% and 66.31%, respectively. We
conclude that essential oil obtained in this study is able to inhibit the growth of both Aspergillus niger and
Cladosporium sp. but not for Fusarium oxysporum and Fusarium solani.
Keywords: Antifungal, apiol, GC-MS analysis, IAPs, phytochemistry, plant disease

INTRODUCTION
Piper aduncum is firstly introduced to
Indonesia as an ornamental plant in 1860, and now
has been widely distributed throughout Indonesia
(Hartemink, 2010; Tjitrosoedirdjo et al., 2016). The
species is neotropic plant that grows to an altitude
of 2,000 meters and generally in open and disturbed
areas, such as secondary forest (Jan et al., 2002;
Tjitrosoedirdjo et al., 2016), for example in Borneo

land clearing for road construction is reported to
have contributed to the spread of this species
(Padmanaba and Sheil, 2014). Despite being an
invasive plant, in Papua New Guinea this species is
used for raw material of farming equipment,
pesticides, fertilizers, construction of houses, and
windbreaks (Siges et al., 2005).
Piper aduncum contains an essential oil which
is reportedly able to prevent bites of the Aedes
albopictus mosquito (Misni et al., 2009). In addition
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to being a mosquito repellent, the essential oil is
widely used in the drug industry, as food flavor, in
cosmetics and fragrances (Rizal et al., 2009).
Essential oils are also known to inhibit fungal
growth. Essential oil from lemons is known to
inhibit the growth of Aspergillus parasiticum
fungus,
A.
carbonarius,
Cladosporium
cladosporioides, Eurotium herbariorum and
Penicillium chrysogenum (Dimic et al., 2014).
Essential oil from Thymus vulgaris has also been
known to inhibit the growth of the fungus Rhizopus
oryzae (de Lira Mota et al., 2012).
Efforts to control Invasive Alien Plants (IAPs)
are constrained by costs. However, some invasive
plant species are considered having an economic
value that can be created as part of control costs
(Stafford & Blignaut, 2017). This study aims to
determine the yield, phytochemical content and
potential anti-fungal properties of essential oil
obtained from the leaves and fruits of an invasive
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Piper aduncum. Also, this present study can
hopefully provide a preliminary information to
anyone who interested on the topic.
METHODS
Study area
All the processes and antifungal testing of
essential oil of P. aduncum were conducted at
Laboratory of Applied Botany of Bali Botanical
Garden, while sequencing of phytochemical was
carried out at the Development Unit for Clean
Technology - LIPI. The sample materials were the
leaves and fruits of P. Aduncum obtained from Bali
Botanical Gardens with registered number
XV.B.229 (Figure 1). We selected leaves which are
not too young and not too old, while the fruits were
mature (but not ripen yet). We considered picking
period for sample materials to yield an optimum
amount of essential oil.

Figure 1. Piper aduncum (leaves and fruits)

Extraction of Essential Oil
A hundred grams of fresh leaves and fruits of P.
aduncum were distilled using Schott Duran steam
distiller. Heating was about five hours at
temperature of 100°C. The samples were three

times replication to reduce the data errors. The
essential oil was separated with the water using
Schott Duran separator funnel (Handa, 2008). The
separated oil was then analysed using GC-MS. The
percentage of essential oil was calculated using the
following formula:

51

JURNAL BIOLOGI UDAYANA 23(2): 50-58

P ISSN: 1410-5292

Analysis of Chemical Components
The essential oil samples were then analysed
using Shimadzu GC-MS QP 2010. About 1 μL of
the sample was injected into Rtx-5MS column
(60mx0.25mm) with a film thickness of 0.25μm, the
pre-programmed oven temperature was 50 - 280°C
with a temperature rise rate of 5°C/minute. The
carrier gas used was helium with a pressure of
101kPa, a total flow rate of 46.5 mL/minute, a
column flow rate of 0.85 mL/minute, cleaning flow
rate of 3.0 mL/minute, and a split ratio of 1:50.
Antifungal Assay
The essential oil samples were tested for
antifungal properties against several species of
fungi, such as Aspergillus niger, Cladosporium sp.
Fusarium solani and F. oxysporum using agar

E ISSN: 2599-2856

diffusion method. The method was carried out by
laying moistened filter paper with essential oil on
the media that had been planted with the fungus
with three replications. Clear area formation was
observed for three days. The formation of clear area
on the surface indicated the presence of fungal
death (Pratiwi, 2008).
RESULTS
Extraction of Essential Oil
The distillation of 100 gr of P. aduncum fruits
produced 0.33 ml of essential oil, which is
equivalent to 0.33% of the gross weight of the
fruits, while 100 gr of P. aduncum leaves produced
an average of 0.30 ml of essential oil or 0.30% of
the gross weight of the leaves (Table 1).

Table 1. Essential oil content of leaves and fruits of Piper aduncum

No.

Samples

Percentage of essential oil (% v/w)

Average

Replication I

Replication II

Replication III

1

Leaves

0.329

0.277

0.315

0.307

2

Fruit

0.375

0.350

0.280

0.335

GC-MS analysis
GC-MS analysis of fruits of P. aduncum showed
that the Apiol was the most dominant compound
(66.31%), followed by 3-Cyclohexene-1-one, 2isopropyl-5-methyl, and Myristicin (8.21% and

4.38% respectively). Apiol was also the highest
concentration compound found in the essential oil
of P. aduncum leaves (57.10%). Other compounds
found in quite high concentrations of P. aduncum
were beta-Cubebene (6.45%), beta-Ocimene
(6.30%), and caryophyllene (4.74%) (Table 2).

Table 2. Comparison of GC-MS analysis of essential oil produced from the fruits and leaves of P. aduncum
No
1

2

3

Fruits

Leaves

(%)

(%)

7.635

0.58

-

7.856-7.859

1.08

0.66

9.356-9.357

1.08

0.55

Name of Compound

Ret. Time

Bicyclo[3.1.0]hex-2-ene, 2-methyl-5-(1-methylethyl)- or 3-Thujene or
.alpha.-Thujene or Origanene or 5-Isopropyl-2-methylbicyclo[3.1.0]hex-2ene # or 2-Methyl-5-(1-methylethyl)-bicyclo(3.1.0)hex-2-ene $
(1R)-2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene or 1R-.alpha.-Pinene or
Bicyclo[3.1.1]hept-2-ene,
2,6,6-trimethyl-,
(1R)or
2,6,6Trimethylbicyclo[3.1.1]hept-2-ene-, (1R,5R)- or d-.alpha.-Pinene or 1R(+)-.alpha.-Pinene or (R)-.alpha.-Pinene
Bicyclo[3.1.1]heptane, 6,6-dimethyl-2-methylene-, (1S)- or 2(10)-Pinene,
(1S,5S)-(-)- or (-)-.beta.-Pinene or (-)-2(10)-Pinene or L-.beta.-Pinene or
(1S)-(-)-.beta.-Pinene or laevo-.beta.-Pinene or 6,6-Dimethyl-2methylenebicyclo[3.1.1]heptane-,
(S)or
(-)-beta-Pinene
or
Bicyclo(3.1.1)heptane, 6,6-dimethyl-2-methylene-, (1S,5S)- or (-)-Pin2(10)-ene
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Table 2. (cont) Comparison of GC-MS analysis of essential oil produced from the fruits and leaves of P.
aduncum
Fruits

Leaves

(%)

(%)

10.377-10.380

1.27

0.67

1,3-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- or .alpha.-Terpinene or
.alpha.-Terpinen or p-Mentha-1,3-diene or Terpilene or 1-Isopropyl-4methyl-1,3-cyclohexadiene
or
1-methyl-4-(1-methylethyl)-1,3cyclohexadiene or 1,3-Cyclohexadiene, 1-methyl-4-isopropyl- or 1Methyl-4-isopropylcyclohexadiene-1,3 or .alpha.-Terpine or 1-Methyl-4isopropyl-1,3-cyclohexadiene or alpha-Terpineneor 1-Isopropyl-4-methylcyclohexa-1,3-diene

10.830

1.03

-

6

.alpha.-Pinene or Bicyclo[3.1.1]hept-2-ene, 2,6,6-trimethyl- or 2-Pinene or
2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene or Pinene, .alpha.

11.684

-

2.85

7

Cyclohexene, 1-methyl-5-(1-methylethenyl)-, (R)- or m-Mentha-6,8-diene,
(R)-(+)- or (+)-m-Mentha-1(6),8-diene or (+)-Sylvestrene or D-sylvestrene
or m-Mentha-1,8-diene, (+)- or Sylvestrene or Sylvestrene, (+)- or 5Isopropenyl-1-methyl-1-cyclohexene,
(R)or
(R)-1-Methyl-5-(1methylvinyl)cyclohexene

11.290-11.291

2.90

1.99

8

.beta.-Ocimene or 1,3,6-Octatriene, 3,7-dimethyl- or Ocimene or 3,7Dimethyl-1,3,6-octatriene or beta-Ocimene
.gamma.-Terpinene or 1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- or
.gamma.-Terpinen or p-Mentha-1,4-diene or Crithmene or Moslene or 1methyl-4-(1-methylethyl)-1,4-cyclohexadiene or 1-Methyl-4-isopropyl-1,4cyclohexadiene or 1-Methyl-4-isopropylcyclohexadiene-1,4 or 1,4-pMenthadiene or 1,4-Cyclohexadiene, 1-methyl-4-isopropyl- or 4Isopropyl-1-methyl-1,4-cyclohexadiene or gamma-Terpinene or 1Isopropyl-4-methyl-1,4-cyclohexadiene # or 1-Isopropyl-4-methylcyclohexa-1,4-diene
2-Carene or Bicyclo[4.1.0]hept-2-ene, 3,7,7-trimethyl- or .delta.-2-Carene
or (.+/-.)-2-Carene or 3,7,7-Trimethylbicyclo[4.1.0]hept-2-ene
1,6-Octadien-3-ol, 3,7-dimethyl- or .beta.-Linalool or Linalol or Linalool
or Linalyl alcohol or 2,6-Dimethyl-2,7-octadien-6-ol or allo-Ocimenol or
2,6-Dimethyl-2,7-octadiene-6-ol or 2,6-Dimethylocta-2,7-dien-6-ol or 3,7Dimethyl-1,6-octadien-3-ol or 3,7-Dimethylocta-1,6-dien-3-ol or Linolool
or Linanool or 3,7-Dimethyl-octa-1,6-dien-3-ol or dl-3,7-Dimethyl-3hydroxy-1,6-octadiene or Linalool ex bois de rose oil or Linalool ex ho oil
or Linalool ex orange oil or Phantol or Linalool, .beta.

12.038-12.093

0.79

6.30

12.417-12.429

1.98

1.55

13.502

0.63

-

13.977

0.63

-

12

3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, (R)- or p-Menth-1-en-4ol, (R)-(-)- or (-)-Terpinen-4-ol or (-)-4-Terpineol or L-terpinen-4-ol or L4-terpineneol or L-4-terpineol

16.826-16.819

1.90

0.57

13

3-Cyclohexen-1-one, 2-isopropyl-5-methyl- or 2-Isopropyl-5-methyl-3cyclohexen-1-one

19.615-19.668

8.21

2.89

14
15

.alfa.-Copaene
Caryophyllene or
Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8methylene-, [1R-(1R*,4E,9S*)]- or Bicyclo[7.2.0]undec-4-ene, 4,11,11trimethyl-8-methylene-, (E)-(1R,9S)-(-)- or .beta.-Caryophyllen or .beta.Caryophyllene or trans-Caryophyllene or L-Caryophyllene or
Bicyclo(7.2.0)undec-4-ene, 8-methylene-4,11,11-trimethyl-, (E)-(1R,9S)-()or
8-Methylene-4,11,11-(trimethyl)bicyclo(7.2.0)undec-4-ene,
(1R,4E,9S)- or beta-Caryophyllene or .beta.-(E)-Caryophyllene or .beta.trans-Caryophyllene or Caryophyllen
1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z- or 1,5,9,9Tetramethyl-1,4,7-cycloundecatriene
.beta.-copaene

23.686-23.692
25.128-25.157

0.60
2.24

0.55
4.74

26.209-26.226

1.39

2.35

27.075

1.40

-

No

Name of Compound

Ret. Time

4

.alpha.-Phellandrene or 1,3-Cyclohexadiene, 2-methyl-5-(1-methylethyl)or .alpha.-Fellandrene or p-Mentha-1,5-diene or 5-Isopropyl-2-methyl-1,3cyclohexadiene or 2-methyl-5-(1-methylethyl)-1,3-cyclohexadiene or 4Isopropyl-1-methyl-1,5-cyclohexadiene or
2-Methyl-5-isopropyl-1,3cyclohexadiene or alpha-Phellandrene or 5-Isopropyl-2-methyl-cyclohexa1,3-diene or Menthadiene

5

9

10
11

16
17
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Table 2. (cont) Comparison of GC-MS analysis of essential oil produced from the fruits and leaves of P.
aduncum
Fruits

Leaves

(%)

(%)

27.125

-

6.45

27.584

-

2.73

27.867

-

1.84

Cubedol

28.148-28.168

0.55

1.11

22

1,3-Benzodioxole, 4-methoxy-6-(2-propenyl)- or Benzene, 5-allyl-1methoxy-2,3-(methylenedioxy)- or Myristicin or 5-Allyl-1-methoxy-2,3(methylenedioxy)benzene or 6-Allyl-4-methoxy-1,3-benzodioxole or
Myristicine

28.366-28.394

4.38

1.64

23

1,5-Cyclodecadiene, 1,5-dimethyl-8-(1-methylethylidene)-, (E,E)- or
Germacrene B or Germacra-1(10),4,7(11)-triene or Germacra1(10),4,7(11)-triene, (E,E)- or 1,5-Dimethyl-8-(1-methylethylidene)-1,5cyclodecadiene

29.435

-

0.90

24

Viridiflorol

30.573

-

2.56

25

Apiol or 1,3-Benzodioxole, 4,7-dimethoxy-5-(2-propenyl)- or Benzene, 1allyl-2,5-dimethoxy-3,4-(methylenedioxy)- or Apiole or Apioline or
Parsley apiole or Parsley camphor or 1-Allyl-2,5-dimethoxy-3,4(methylenedioxy)benzene
or
4,7-Dimethoxy-5-(2-propenyl)-1,3benzodioxole or 5-Allyl-4,7-dimethoxy-1,3-benzodioxole # or 1,3Benzodioxole, 4,7-dimethoxy-5-(2-propen-1-yl)-

32.020-32.064

66.31

57.10

26

Benzene, 1,2,3-trimethoxy-5-(2-propenyl)- or Benzene, 5-allyl-1,2,3trimethoxy- or Elemicin or 3,4,5-Trimethoxyallylbenzene or 5-Allyl-1,2,3trimethoxybenzene or 1,2,3-Trimethoxy-5-(2-propenyl)-benzene or 1,2,3Trimethoxy-5-allylbenzene or 4-Allyl-1,2,6-trimethoxybenzene or
Benzene, 5-(2-propenyl)-1,2,3-trimethoxy or Elemicine

32.347

1.05

-

No

Name of Compound

Ret. Time

18

1H-Cyclopenta[1,3]cyclopropa[1,2]benzene,
octahydro-7-methyl-3methylene-4-(1-methylethyl)-,
[3aS(3a.alpha.,3b.beta.,4.beta.,7.alpha.,7aS*)]or
1HCyclopenta[1,3]cyclopropa[1,2]benzene,
2,3,3a.alpha.,3b.alpha.,4,5,6,7octahydro-4.alpha.-isopropyl-7.beta.-methyl-3-methyleneor
.beta.Cubebene
or
.beta.-Cuvebene
or
1HCyclopenta[1,3]cyclopropa[1,2]benzene, octahydro-7-methyl-3-methylene4-(1-methylethyl)-, (3a.alpha.,3b.alpha.,4.alpha.,7.beta.,7aR*)Cyclohexane,
1-ethenyl-1-methyl-2-(1-methylethenyl)-4-(1methylethylidene)- or o-Menth-8-ene, 4-isopropylidene-1-vinyl- or Elixene
or 2-Isopropenyl-1-methyl-4-(1-methylethylidene)-1-vinylcyclohexane

20

.alpha.-Farnesene or 1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-, (E,E)- or
Farnesene or 2,6,10-Trimethyl-2,6,9,11-dodecatetraene, trans- or 3,7,11Trimethyl-1,3,6,10-dodecatetraene, (trans,trans)-

21

19

Antifungal assay
Inhibition test on fungi showed an inhibition
zone on the inoculated medium of Aspergillus niger
and Cladosporium sp., but not on the inoculated

medium of Fusarium oxysporum and F. Solani
(Table 3). The formation of inhibition zones (Figure
2) on the inoculated medium of A. niger and
Cladosporium sp. showed that essential oil of P.
aduncum inhibits the fungus growth.

Table 3. Response of P. aduncum essential oil on antifungal assay

Essential oil

Anti-fungal activity towards
A. niger

Cladosporium sp.

F. oxysporum

F. solani

P. aduncum Fruit

+

+

-

-

P. aduncum Leaves

+

+

-

-
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(c)

(d)

Figure 2. Observation results of antifungal assay (a) A. niger; (b) Cladosporium sp.; (c) F. Oxysporum; and (d) F. solani

DISCUSSION
Apiol and Myristicin found in the essential oil
of P. aduncum fruits and leaves are toxic to insects
(Lichtenstein & Casida, 1963; Lichtenstein et al.,
1974; Fuhremann and Lichtenstein, 1979; Bernard
et al., 1995; Walia et al., 2004), thus the presence of
these compounds in high concentrations promotes

an opportunity to use P. aduncum essential oil as a
natural insect repellent. In addition to Apiol, in a
large percentage, the essential oil of P. aduncum
leaves also contains caryophyllene. This compound
is often found in essential oils of various species of
Piperaceae family member, including P. cernuum
and P. regnellii (Costantin et al., 2001; da Silva et
al., 2017).

Figure 3. Comparison of some dominant chemical compounds in essential oils, obtained in
fruits and leaves of P. aduncum.

Some dominant compounds obtained in the
fruits are also found in the leaves with different
concentrations. The ratio of such compounds can be
seen in Figure 3. This present study showed that the

leaves and fruits of P. aduncum are both dominated
by terpenoids, these compounds are known having
many biological activities, such as antimicrobial,
antifungal and antibacterial (Cavaleiro, 2015).
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The inhibitory ability is likely to correlate with
the presence of beta-Ocimene compounds.
Cavaleiro et al. (2015) reported beta-Ocimene is a
compound with antifungal properties. The compund
is also reported having anti-inflammatory and antiviral properties (Terpene, 2018). On the contrary,
ineffectiveness in inhibiting the growth of F.
oxysporum and F. solani was probably because the
nature of active ingredients has no wide spectrum, it
means the essential oil only inhibits the growth of
some fungus species (Neu and Gootz, 2001).
Previous studies of P. aduncum extraction
showed various yields of essential oil. For example,
leaves and branches samples of P. aduncum from
eight different regions of the Amazon produce
essential oil ranging from 1.2% to 3.3% (Maia et
al., 1998). Piper aduncum leaves, native to Papua
New Guinea, yields essential oil of 0.35%, while P.
aduncum leaves from Cuba yields essential oil of
0.96% (Pino et al., 2004; Rali et al., 2007). The
difference in yields of essential oil is probably due
to different soil macronutrients in each region.
Kahkashan et al. (2015) stated that soil types
affected the amount of essential oil produced by
Mentha arvensis L. Suryawati & Murniyanto (2011)
showed that essential oil produced by Zingiber
officinale L. is directly proportional to the
availability of macronutrients in the soil. A lack of
available groundwater can also result in changing
secondary metabolites of plants than in normal
conditions (Trisilawati & Pitono, 2012).
CONCLUSION
The present study concluded that essential oil of
the leaves and fruits of P. aduncum contained Apiol
compounds in high concentrations. The essential oil
has been confirmed to inhibit the growth of
Aspergillus niger and Cladosporium sp. The study
promoted possibilities that essential oil of P.
aduncum could be developed into industrial
production of fungicides and insecticides. However,
natural products should respect to cultivation,
collection, and used in sustainable manner which
conserves both of the plants materials and the
environment.
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