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Abstract. Nugroho LH, Lexinta EC, Priyono Y, Susandarini R. 2020. Short Communication: Composition of terpenoid compounds in
essential oils extracted from stems of eight Piper species and their role in taxonomic relationships. Biodiversitas 21: 3438-3443. Piper is
widely used as source of essential oils from which many bioactive compounds with medicinal properties were used in traditional
medicine. The objectives of this study were to explore the chemical composition of essential oils of eight Piper species and to identify
its role in determining taxonomic relationships. Chemical composition of essential oils was analyzed using GC-MS analysis on
petroleum ether extracts from stems of eight Piper species, while taxonomic relationship was determined using cluster analysis and
principal component analysis. Results showed that 21 terpenoid compounds were identified as constituents of the essential oils,
consisted of 4 monoterpenes, 14 sesquiterpenes, and 3 diterpenes. The composition of essential oils varied between species. Cluster
analysis and principal component analysis showed that differences in the composition of essential oil compounds determined the
grouping of species into two clusters. Five compounds were identified as having major role in the grouping of species. These
compounds were α-selinene, α-caryophyllene, β-caryophyllene, farnesyl acetone, and α-amorphene. The results of this study offer
opportunities for the use of Piper stems as source of essential oils. This study also confirms the interspecies variability in composition of
essential oils, and at the same time supports the use of essential oils in chemotaxonomic studies.
Keywords: Chemotaxonomy, essential oils, phytochemistry, Piper, terpenoids

INTRODUCTION
Piper is a genus with high species diversity with 600
species were recorded in tropical Asian (Martínez et al.
2015) and various habits including herbs, shrubs, and
climbers (Sen et al. 2019). Many Piper species have
beneficial properties and have been used in traditional
medicine, modern pharmacognosy, and aromatic industry
(Chaveerach et al. 2006). Piper phytochemicals have even
been used in wide range of applications beneficial for
human life, including medicine, phytocosmetics, and
agriculture. Piper as phytomedicine has been known as
having cytotoxic activity against MCF-7 human breast
tumor cells (Setzer et al. 2008), as antibacterial against
Escherichia coli, Klebsiella pneumonia, Staphylococcus
aureus (Rocha et al. 2016), and biological activities as
antileishmanial and antituberculosis (Bernuci et al. 2016).
The use of Piper as phytocosmetics has been reported by
Almeda et al. (2015) as an anti-tyrosinase to prevent
hyperpigmentation. Meanwhile, the use of Piper in
agriculture has been noted as organic insecticidal against
Sitophilus oryzae (Oben et al. 2015) and for controlling
phytopathogenic fungus in plants (Valadares et al. 2018).
The wide range use of Piper is due to their secondary
metabolites, especially the essential oils. All parts of Piper
plants contain essential oils, and therefore most of
phytochemical studies on Piper were done to identify

potential pharmacological properties of the oils (Dyer et al.
2004). It is known that essential oils consist of natural
mixture of high complexity consisted of terpenes, phenolic,
alcohol, and may include oxygenated compounds (Rassem
et al. 2016).
Essential oils from Piper were commonly extracted
from leaves, and thus the data on the composition of Piper
leaves essential oils from various species have been widely
published. Nevertheless, several studies revealed that stem,
roots, and inflorescence of Piper also contain essential oils
(Varughese et al. 2016; Riani et al. 2017). Previous studies
showed that the composition of Piper essential oils
extracted from leaves was different from those extracted
from stems. Salleh et al. (2012) reported that Piper
porphyrophyllum essential oils extracted from leaves had
34 constituents, while oils extracted from stems had 38
constituents. Meanwhile, Riani et al. (2017) found that
Piper chimonanthifolium essential oils extracted from
leaves consisted of 13 monoterpenes and 16 sesquiterpenes,
whereas oils extracted from stems consisted of 12
monoterpenes and 10 sesquiterpenes. These facts bring the
opportunity to further explore the potential of stems as a
source of essential oils containing various bioactive
compounds.
Apart from their pharmacological function, essential oil
is one of plant secondary metabolites widely used in
chemotaxonomic studies. The application of secondary

SUSANDARINI et al. – Essential oils and chemotaxonomy of Piper

metabolites in chemosystematics studies is due to their
chemical composition which often specific for plant taxa
and thus useful for classification (Singh 2016).
Chemosystematic studies based on chemical profile of the
essential oils on Piper have been done by Hieu et al.
(2015), by Hao et al. (2018) and de Araujo et al. (2019). In
fact, majority of chemotaxonomic studies on Piper were
carried out based on essential oils. Chemotaxonomic
studies based on secondary metabolites, especially essential
oils have been reported in various plant taxa such as those
by Killic (2013) in Centaurea, by Susandarini et al. (2016)
in Citrus maxima, and by Olugbade et al. (2017) in genus
Ocimum. In this case, Bhargava et al. (2013) noted the
importance of essential oils especially the presence of
monoterpenes, sesquiterpenes, diterpenes, and triterpenes
in chemosystematic studies, such as found in Piperaceae,
Rutaceae, Verbenaceae, and Myrtaceae. The important role
of chemotaxonomic research was mentioned by Liu et al.
(2017) that classification of plants based on the diversity of
chemical compounds might provide predictive value in
bioprospecting for medicinal plants.
The objective of this study was to explore the essential
oil composition of petroleum ether extracts from stems of
Piper, and to reveal the role of these compounds in
determining taxonomic relationships among eight Piper
species. The chemosystematics analysis conducted in this
study is expected to support the role of essential oils as
taxonomic evidence. Results of this study are expected to
raise the potential of Piper’s stem as an alternative source
of bioactive compounds with various potential uses.
Information on the essential oil composition from Piper
stems might be useful in uncovering their potential in the
discovery of medicinal ingredients and other industries
based on essential oils.

MATERIALS AND METHODS
Materials
Eight species of Piper used in this study (Table 1) were
previously obtained from the living collection of the Bogor
Botanical Gardens, and has been grown in the research
garden at the Faculty of Biology Universitas Gadjah Mada
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for one year. Fresh stems used for the extraction of
essential oils were collected from plants of relatively at the
same age under the same growing condition. Extraction of
stem essential oils was done using solvent extraction
method (Rassem et al. 2016). The extract was then diluted
in 0.5 ml methanol before subjected to gas chromatography
analysis.
Methods
The GC-MS analysis was performed using HP5 column
(30 m x 0.25 mm, film thickness 0.25 μm), with initial
temperature at 100°C and final temperature at 280°C. The
reaction was run with initial time for 5 minutes and
subsequent temperature increment of 20°C/minutes. The
amount of samples injected was 1 µl. The injection
temperature was at 280°C, using helium as gas carrier, with
total flow of 10 and split of 60. The detector used in this
analysis was flame ionization detector, at the temperature
of 300°C. Identification of essential oil compounds
represented as peaks in chromatograms resulted from gas
chromatography was based on analysis of the
fragmentation patterns, by computer matching against the
mass spectral library of the GC-MS data system (WILEY
10th), and published mass spectra (Adams 2007).
Data analysis
Following identification of each essential oils
composition,
each
compound
representing
chemotaxonomic characters was converted into numerical
scores for the subsequent analysis using numerical
taxonomy methods. The conversion was done following the
principles of numerical taxonomy, by determining classes
of compound’s concentration range from 0 to 50 with the
interval of 5, which resulted in categorical data. The
grouping of species was determined using cluster analysis
with UPGMA clustering technique based on percent
similarity coefficient. A principal component analysis was
carried out to examine the role of essential oil compounds
in the grouping of species. Cluster analysis and principal
component analysis were performed using MVSP version
3.1.

Table1. Piper species used in this study
Species name

Habit

Natural distribution

Piper acutilimbum C. DC.
Piper baccatum Blume
Piper betle L.
Piper caninum Blume
Piper majusculum Blume
Piper mollissimum Blume
Piper porphyrophyllum (Lindl.) N.E.Br.
Piper sarmentosum Roxb.

Shrub
Shrub
Climbing shrub
Climbing shrub
Shrub
Shrub
Shrub
Shrub

Asia, Australia, Africa, tropical America
Asia
Asia, New Guinea, Africa
Asia, New Guinea, northern Australia, Solomon Islands
Asia, New Guinea
Southeast Asia
Southeast Asia
Southeast Asia
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RESULTS AND DISCUSSIONS
Composition of terpenoid compounds in essential oils
The GC-MS analysis on stem essential oils revealed
that the essential oils extracted from stem of eight Piper
species consisted of 21 compounds (Table 2). The
composition of essential oils consisted of 4 monoterpenes,
14 sesquiterpenes, and 3 diterpenes. Results of GC-MS
analysis in this study showed that the number of
compounds detected was different for each species.
Differences in the number of essential oil compounds in
each species indicated interspecies variability in the
chemical profile. This finding is in agreement with
previous studies on genus Piper which found interspecies
differences in oils composition, such as those among P.
majusculum, P. harmandii, and P. brevicaule in Vietnam
(Hieu et al. 2015). Interspecies differences in essential oils
composition within the genus Piper was also found in other
studies such as those by Cruz et al. (2012) in fifteen Piper
species from Guatemala, and Hao et al. (2018) in ten Piper
species from South China.
Composition of essential oils compounds found in this
study showed that sesquiterpene was predominating over
other groups of terpenes. The dominance of sesquiterpenes
in essential oils was also found in Piper cernuum, P.
glabratum, P. hispidum, and P. madeiranum (Assis et al.
2013). The dominance occurrence of sesquiterpene
compounds was reported in essential oils of Piper
lanceaefolium and Piper hispidum (Benitez et al. 2009).
Similarly, Bernuci et al. (2016) found that the essential oils
of P. rivinoides, P. arboretum, and P. aduncum were
dominated by sesquiterpenes. de Araujo et al. (2019) also
noted the dominance of sesquiterpene compounds in the
essential oils of P. coariense, P. auriculifolium, P.
curtistilum, and P. brevesanum. This study also proved that
petroleum ether is a suitable solvent for extracting essential
oils from plant materials. The use of petroleum ether for
extraction of bioactive phytocompound in medicinal plants
has been reported for Ficus krishnae (Kanjikar and
Londonkar 2017) and for Lepidagathis scariosa (Sharmila
et al. 2019). Results of this study indicated that Piper stems
could be used as an alternative material to obtain essential
oils that have various bioactive ingredients. The use of
Piper stems as a source of essential oil has been done in
several species, including Piper porphyrohyllum (Salleh et
al. 2012) and Piper kadsura (Liu et al. 2015).
The use of GC-MS in this study was successfully
generated chemical profile of Piper essential oils. The vast
application of GC-MS for chemical profiling is due to a
combination of two analytical techniques that have the
ability to reliably characterize a complex mixture of
phytochemical compounds (Hussain and Maqbool 2014). It
is, therefore, GC-MS has been widely used in
phytochemical studies for separation and identification of
various secondary metabolite compounds, including longchain hydrocarbon compounds, alcohols, acids, esters, and
ether from a few grams of plant materials (Abo-Altemen et
al. 2019; Sanjaya and Lekha 2019). Analysis of
phytochemical content using GC-MS can provide an
overview of the pharmaceutical value of plants, and thus

generally applied in preliminary studies to recognize the
potential of medicinal plants (Gomathi et al. 2015;
Rukshana et al. 2017). Phytochemical studies using GCMS as an initial step for screening and characterization of
secondary metabolites of pharmaceutics potential in Piper
was carried out by Zahira et al. (2016) in Piper nigrum. In
that study, a number of phytocompounds were successfully
identified using GC-MS, including terpenoids, alkaloids,
flavonoids, phenols, tannins, saponins, and phytosterols,
and thereby confirming the use of P. nigrum as a medicinal
plant.
Taxonomic relationships of eight Piper species based on
essential oils compounds
The UPGMA clustering of eight Piper species based on
composition of 21 on essential oils compounds as displayed
in the dendrogram (Figure 1) showed the grouping of
species into 2 clusters, marked as cluster I and cluster II.
The first cluster consisted of six Piper species, while the
second cluster only consisted of P. caninum and P.
baccatum. This clustering pattern was mainly due to
differences in the composition of essential oil compounds
detected in each species. The six species belong to the first
cluster, i.e., P. acutilimbum, P. sarmentosum, P. betle, P.
porphyrophyllum, P. majusculum, and P. molissimum, were
characterized mainly on the presence of α-amorphene, αcaryophyllene, α-selinene, and β-caryophyllene. Members
of this first cluster were clearly differed from two species
in second cluster, P. caninum, and P. baccatum, by the
absence of farnesyl acetone. The clustering pattern of Piper
species was not correlated to their habit as well as their
natural distribution areas. A review on Piper essential oils
by da Silva et al. (2017) noted that the interspecific and
intraspecific variations on essential oils composition due to
differences in sites of collection and seasonality. Such a
case was not found in this study since all Piper species
used were grown in the same location and harvested at the
same time prior to oils extraction process.
In order to determine the main sources of variability in
defining the grouping pattern observed in cluster analysis, a
principal component analysis (PCA) was performed. PCA
is a type of multivariate analysis method commonly used in
establishing relations between samples and variables, and
for identifying variables which has important contribution
in sample characterization and classification (Câmara et al.
2006). The loading scores resulted from PCA (Table 3)
indicated that β-caryophyllene, α-selinene, farnesyl
acetone, α-caryophyllene, and α-amorphene showed major
contribution in differentiating species into two clusters. The
role of these five compounds was indicated by their
absolute loading scores of ≥ 0.3 in the first axis of PCA.
Observation on the loading scores on the second axis of
PCA revealed that germacrene-D was has a major role in
the formation of a subcluster IA which consisted of P.
sarmentosum and P. acutilimbum. These two species have
notably characterized by germacrene-D, which was absent
from the rest of four species within the first cluster.
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Table 2. Chemical composition of essential oils extracted from
stems of eight Piper species

Monoterpenes
α-pinene
terpineol
piperitenone
citronellyl acetate
Sesquiterpenes
α-cubebene
α-copaene
α-caryophyllene
β-caryophyllene
α-amorphene
germacrene-D
β-selinene
α-selinene
β-sesquiphellandrene
nerolidol
caryophyllene oxide
carotol
farnesyl acetate
farnesyl acetone
Diterpenes
phytol
eicosene
eicosane

932
1130
1340
1343

P. porphyrophyllum
P.por
P. sarmentosum

P. mollissimum

P. majusculum

P. caninum

P. betle

P. baccatum

P. acutilimbum

Compound
name

Retention index

Compound detected in Piper
species

+
+
+
+

1345
1374
1408
1417
1483
1484
1489
1498
1521
1561
1582
1594
1845
1919

+

1938
1987
2000

+
+

+
+

+
+

+
+

+
+
+

+

+
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Table 3. PCA loadings of 21 essential oil compounds
Characters

Axis 1

Axis 2

α-pinene
terpineol
piperitenone
α-cubebene
citronellyl acetate
α-copaene
α-caryophyllene
β-caryophyllene
α-amorphene
germacrene-D
β-selinene
α-selinene
β-sesquiphellandrene
nerolidol
caryophyllene oxide
carotol
farnesyl acetate
phytol
farnesyl acetone
eicosine
eicosane

0.060
-0.195
0.091
-0.184
0.117
0.073
0.329
0.490
0.300
-0.071
0.184
0.396
0.133
-0.152
0.144
0.068
0.060
-0.007
-0.348
-0.194
-0.185

0.046
-0.205
0.072
-0.189
-0.315
0.057
0.216
-0.104
0.181
-0.540
0.092
-0.233
-0.355
0.072
0.138
0.075
0.072
-0.311
0.221
-0.208
0.136

Eigenvalues
Percentage
Cumulative Percentage

29.327
23.784
23.784

26.192
21.241
45.025

+
+
+

+

+
+

+

+
+

+
+
+

+

+

+

+
+

+

+

Figure 1. Dendrogram showing the grouping of eight Piper species based on composition of 21 essential oils compounds
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This result showed that PCA confirmed the grouping
patterns resulted from cluster analysis, and supported the
characterization of Piper species based on the composition
of their essential oils. The successful application of PCA
for chemical characterization of four Cecropia species has
been reported by Rivera-Mondragón et al. (2019), and in
identifying the most attractive cultivars of Prunus persica
based on polyphenols, carotenoids, sugars, and organic
acids content (Nowicka et al. 2019). The use of PCA in
discerning characterization of Piper species based on
composition of essential oils was mentioned by Varughese
et al. (2016) and de Araujo et al. (2018) which found that
differences in composition of essential oils were the
determining factor in the recognition of interspecific
variations. The results of these previous studies regarding
interspecific variations on Piper essential oils were in
agreement with the finding of this study.
The diversity of essential oils in various plant taxa has
been investigated at various plant groups to explore its
application in chemotaxonomic studies. The use of
essential oils in chemotaxonomy has been reported in a
number of studies at species and intraspecies levels, such as
in Achillea millefolium (Judzentiene and Mockute 2010), in
three taxa of Centaurea (Kilic 2013), and in Citrus maxima
(Susandarini et al. 2016). Chemotaxonomic studies based
on the content of essential oils in Juniperus microsperma
even provided an indication of the evolution in this species
(Adams et al. 2013). The use of phytochemical data in
taxonomic studies had been accepted as one of the effective
tools for the purpose of taxonomic revision and
phylogenetic relationships, such as reported in genus
Amomum (Setyawan 2002).
Previous studies showed the role of essential oils in
Piper taxonomy. Characterization of essential oils on 12
Piper species from Costa Rica by Setzer et al. (2008)
showed differences in the composition of essential oils
between species. Similarly, interspecies variations in the
composition of essential oils were also reported by Hao et
al. (2018) on 10 Piper species from China and by de
Araujo et al. (2019) on six Piper species from Brazil. These
studies emphasize the role of essential oils in the chemical
characterization of Piper based on the presence of
dominant essential oil compounds. Variations in the
composition of essential oils were found even among
varieties in Piper betle, and thus useful in the identification
of varieties (Karak et al. 2018).
Analysis of the terpenoid content in the essential oils
extracted from stems of eight Piper species which has
detected 21 terpenoid compounds provided evidence on the
potential of Piper stems as source of essential oils.
Differences in the composition of terpenoid compounds at
the species level provided scientific basis for species
utilization with specific bioactive compounds. The
application of multivariate analysis were successfully
identified particular compounds determining the grouping
of species based on their chemical composition, and thus
emphasizing the role of essential oils in chemotaxonomic
research.
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