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Abstract: Pummelo (Citrus maxima) is one of true citrus species originated
from South East Asian regions. Pummelo is known as having high
morphological diversity, but lacking of comprehensive publications
documenting chemical diversity. The objectives of this study were to reveal
essential oil diversity and its implication on the chemotaxonomy of the
species. Leaves from forty individual plants were collected from seven
districts representing pummelo distribution areas in Indonesia. Isolation of
essential oils was done using maceration and solvent extraction procedures.
Qualitative and quantitative analysis of the essential oils was conducted
using GC-MS. Thirty one compounds were identified, consisted of
monoterpenes, sesquiterpenes, diterpenes, ketones, alkenes and fatty acids.
Assessment on chemotaxonomical importance of essential oils was carried
out using cluster analysis and principal component analysis on volatile
compounds. Three chemotypes were recognized, defined as “nerol/loliolide/allo-
aromadendrenechemotype”, “alpha-selinenechemotype” and “alpha-
pinene/delta-carenechemotype”. Three chemotypes defined in this study was the
first reported chemotaxonomic analysis for Indonesian C. maxima.
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Introduction

Citrus maxima (Burm.)Merr.,or pummelo, is a fruit
crop species originated from Southeast Asian region.
From taxonomical perspective, C.maxima is one of “true
Citrus species” within the genus Citrus. This taxonomic
status has been proven from various studies based
molecular data (Pang ef al., 2007; Kyndt et al., 2010). C.
maxima shows morphological variability and recent
study indicated that its variability lead to the recognition
of infraspecific grouping (Susandarini et al., 2013).
However, there is no chemotaxonomical study focusing
on the essential oil variability on this species.

Essential oils are one of the phytochemical compounds
used in chemotaxonomic studies (Gonzales et al., 2001;
Merle et al., 2004). Reserach on Citrus essential oils are
generally conducted in relation to their aromatic
properties applied in food industry, cosmetics and
perfume (Sawamura et al., 2001; Gogorcena and Ortiz,
2006; Tao et al., 2008). Several studies revealed the use
of essential oils from various plant species as food
preservatives, antimicrobial agent and natural pesticides.
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The potential of essential oils as food preservatives has
been reported by Romeo ef al. (2010) who studied the
antibacterial ~properties of essential oils from
Lippiacitriodora, Cupressussempervirens and Melissa
officinalis against Listeria strain. Meanwhile, the
application of essential oils in pest management has
been noted by Campolo ef al. (2014) who reported that
a mixture of kaolin and Citrus sinensis essential oil
might be an alternative chemical pesticide for durum
wheat. Regarding to the potential of essential oils as
natural pesticides, Ziaee et al. (2014) investigated the
effect of microencapsulation of Cuminum cyminum
essential oil on its persistence and insecticidal
efficiency againts bettle pests.

Essential oils are generally produced in special
glands or secretory tissues and may differ considerably
among various plant organs (Nagegowda and Dudareva,
2007). The occurrence of essential oils could be species-
specific in terms of their accumulating cells, tissues and
organs within particular plant species. Previous studies
showed that chemical composition of essential oils on
some Citrus species were species-specific, or even
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cultivar-specific (Gonzales et al., 2001; Merle et al.,
2004; Tao et al., 2008).

Essential oil compositions from peel and leaves of
various Citrus species have been studied for their role as
chemical markers for distinguishing taxa at species.
Tomi et al. (2008) reported the use of essential oils in
determining hybrid status by comparing oil profiles
between hybrid plants and their putative parents.
Previous studies on the use of essential oils for clarifying
taxonomic status and hybrid identification on Citrus have
been reported (Sawamura ef al, 2001; Gogorcena and
Ortiz, 2006; Tao et al., 2008). In this study, the
variability of essential oil composition among 40
samples of Indonesian C. maxima cultivars and landraces
was examined along with their taxonomic implication in
defining infraspecific grouping within the species.

Materials and Methods

Plant materials for this study were collected from 7
districts in 3 different islands representing pummelo’s
distribution areas in Indonesia. A total of 40 samples
were obtained, consisted of both registered cultivars and
landraces. Fully developed leaves from healthy
individual trees were washed using water and wiped with
70% ethanol prior to extraction procedure to ensure that
the samples were free of contaminations. Plant samples
used in this study was listed in Table 1.

Extraction of essential oils was performed using
modified maceration and solvent extraction procedure
adopted from Merle et al. (2004). Two grams o fresh
leaves were manually ground into powder. A volume of
3 mL petroleum benzene was added into leaf powder and
after setled down for 10 min the mixture was centrifuged
at 12,000 rpm for 10 min. The resulted solution was then
poured into glass tube. The left over debris was treated

Table 1. Plant samples used in essential oil analysis

with the same procedure for 2 more times. The bulk of
solutions collected from three extraction procedures was
air-dried for 24 h. Sample dilution using 500 pL of
petroleum benzene was done right before injecting oil
samples to the GC.

GC-MS analysis of essential oil was carried out using
GC HP5890 Series II and Mass Selective Detector
HP5972 Series, fitted with HP-5MS 5%-phenyl methyl
silicone capillary column (30 m x25 mm x0,25 pm). The
analysis was performed using splitless method and run
with the following program: injection volume 1 pL,
injector temperature at 250°C, MS interface temperature
at 280°C, initial temperature at 80°C, initial time 1 min,
increment rate of 10°C/min, final temperature at 220°C
and final time 16 min. Identification of essential oil
compounds was carried out by matching mass spectral
fragmentation patterns with those from GC-MS data
systems and spectral WILEY library.

Data Analysis

The data used for subsequent numerical taxonomy
analysis were composition of essential oil compounds
and their relative amounts among samples.
Calculation of relative amounts for each compound
was done on the basis of peak-area ratios. Taxonomic
similarities among samples were formulated using
Gower’s general similarity coefficient. The resulting
similarity matrix was then subjected to -cluster
analysis using Unweighted Pair-Group Method using
Arithmetic averages (UPGMA). Principal component
analysis was then employed to discern taxonomic
value of each compound in determining the grouping
of samples. Cluster analysis and principal component
analysis were performed using Multivariate Statistical
Program version 3.1 (Kovach, 2007).

No. Sample code Collection site (District) No. Sample code Collection site (District)
1. ACH-1 Bireuen 21. JGY-10 Gunungkidul
2. ACH-2 Bireuen 22. JGY-12 Gunungkidul
3. ACH-4 Bireuen 23. JGY-13 Gunungkidul
4. ACH-5 Bireuen 24. JGY-14 Bantul

5. ACH-7 Bireuen 25. JGY-15 Bantul

6. ACH-8 Bireuen 26. JTM-1 Magetan

7. JTG-1 Karanganyar 27. JTM-2 Magetan

8. JTG-3 Karanganyar 28. JTM-6 Magetan

9. JTG-5 Karanganyar 29. JTM-8 Magetan

10. JTG-6 Karanganyar 30. JTM-10 Magetan

11. JITG-7 Kudus 31. JTM-12 Magetan

12. JTG-8 Kudus 32. SLW-4 Pangkep

13. JGY-1 Gunungkidul 33. SLW-5 Pangkep

14. JGY-2 Gunungkidul 34. SLW-6 Pangkep

15. JGY-3 Gunungkidul 35. SLW-7 Pangkep

16. JGY-4 Gunungkidul 36. SLW-9 Pangkep

17. JGY-5 Gunungkidul 37. SLW-10 Pangkep

18. JGY-6 Gunungkidul 38. SLW-11 Pangkep

19. JGY-7 Gunungkidul 39. SLW-13 Pangkep

20. JGY-8 Gunungkidul 40. SLW-14 Pangkep
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Results

A total of 40 samples were collected for leaf
essential oils analysis. The resulting chromatogram
profiles from GC-MS analysis showed considerable
variations. Results of compound identification showed
that leaf essential oils of C. maxima consisted of 31
compounds. Determination of compound was based
on the matching of mass spectral patterns with the
minimum similarity of 85%. The 31 identified
compounds were comprised of monoterpenes,
sesquiterpenes, diterpenes, ketons, alkanes and fatty
acids (Table 2).

Qualitative comparison among three groups of
terpenes showed that sesquiterpenes had the highest
proportion. Meanwhile, in terms of relative amount,
phytol was the found to be a compound with the
highest percentage. From the proportion of six
compound groups found in leaf essential oil of C.

maxima, it was obvious that monoterpenes and
sesquiterpenes were dominant.

In this study only volatile components of essential
oils were defined as target compound, primarily due
to their biological significance as bioactive compound
with various medicinal properties. It was therefore,
terpenes became groups of target compound and thus
were used in the numerical taxonomic analysis for
determining the existence of chemotypes within C.
maxima. The determination of the chemotypes was
based on the taxonomic affinity of cultivars and
landraces. A dendrogram resulted from cluster
analysis of 21 volatile compounds figuring taxonomic
affinity among 40 C. maxima samples showed two
major clusters (Fig. 1). The first cluster, designated as
cluster A, consisted of 34 samples whereas the second
cluster assigned as cluster B comprised of 6 samples.
The first cluster could be divided into two subclusters,
Al and A2.

Table 2. Composition of essential oil compounds from C. maxima leaves

No. Compound RI’ Percentage’
1. alpha-pinene 982 0.53-1.54
2. trans-isolimonene 983 0.23-0.77
3. delta-carene 1004 0.45-1.32
4. trans-ocimene 1097 0.20-0.53
5. nerol 1228 0.78-3.12
6. citronellol 1229 1.03-3.71
7. beta-caryophyllene 1420 1.25-5.24
8. calarene 1431 0.38-1.23
9. alpha-humulene 1453 0.39-1.53
10. patchoulene 1457 0.32-1.57
11. allo-aromadendrene 1459 0.44-1.45
12. germacrene D 1475 0.12-0.44
13. beta-ionone 1485 0.68-2.28
14. alpha-selinene 1493 1.55-3.70
15. alpha-farnesene 1496 0.21-1.12
16. delta-cadinene 1523 0.48-1.85
17. nerolidol 1560 1.57-4.89
18. lauric acid 1571 0.13-0.63
19. caryophyllene oxide 1580 0.89-4.46
20. spathulenol 1640 8.88-20.49
21. heptadecane 1700 0.25-0.40
22. myristic acid 1767 0.51-0.97
23. loliolide 1772 0.54-1.24
24. neophytadiene 1842 0.90-3.20
25. hexadecanoic acid, methyl ester 1926 0.42-1.30
26. palmitic acid 1968 2.56-4.37
27. margaric acid 2022 0.32-0.92
28. phytol 2116 15.44-35.71
29. ethyl linoleolate 2159 1.11-1.77
30. stearic acid 2178 1.29-1.93
31. 9,12, 15-octadecatrienoic acid, methyl ester 2186 0.48-0.83

RI: Retention indices reported in the literature

Percentage”": Range of percent composition calculated from peak-area ratios
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Table 3. Eigen values of 21 volatile compounds in C. maxima leaf essential oils

Eigen value

Compound code Volatile compound PC1 PC2 PC3

Cl1 alpha-pinene -0.072 0.245 0.023
C2 delta-carene -0.129 0.085 -0.106
C3 trans-isolimonene 0.046 0.033 0.226
C4 beta-ocimene 0.002 0.034 0.039
C5 nerol 0.372 0.028 -0.046
Co6 citronellol 0.024 -0.094 -0.033
C7 loliolide 0.238 -0.581 0.153
C8 beta-caryophyllene 0.345 0.404 0.054
C9 alpha-humulene 0.146 -0.093 0.101
C10 germacrene 0.032 0.021 -0.106
Cl11 alpha-selinene 0.258 0.351 -0.087
C12 alpha-farnesene 0.261 0.065 0.098
C13 delta-cadinene 0.327 0.205 -0.083
Cl4 calarene 0.025 0.088 -0.059
C15 patchoulane 0.155 0.181 0.181
Cl16 allo-aromadendrene 0.311 -0.348 -0.079
C17 spathulenol 0.073 0.028 -0.051
C18 caryophyllene oxide 0.157 0.197 0.036
C19 nerolidol 0.351 -0.168 -0.700
C20 neophytadiene 0.349 -0.115 0.557
C21 phytol 0.006 -0.015 0.123

Note: numbers in bold type indicate prominent taxonomic value

Do=er (anernd Similanty Cosfficknt

Fig. 1. Dendrogram showing taxonomic affinity of 40 C. maxima samples based on leaf volatile compounds

Dendrogram topology with bifurcating pattern
formed at similarity value of 0.624 indicated that
cluster A and B had distinctive characteristics that
clearly differentiate between them. In this regards, the
volatile compounds differentiated those two clusters
were categorized as taxonomic distinguishing
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characters. These characters could be identified by
observing the eigen value from three Principal
Components (PCs) resulted from principal component
analysis (Table 3). The percentage of explained
variance on the first principal component were 29.94,
while the second principal component explained
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49.95% of total varienace. A biplot of PCA results
(Fig. 2) showed distribution patterns of samples in
two dimentional graph as well as represented relative
contribution of each essential oil compunds in
differentiating samples into groups of chemotypes.
Criteria for particular compound to be categorized

analysis, it was noticeably recognized the existence of
three groups representing three chemotypes within C.
maxima, defined here as subcluster Al, subcluster A2
and the smaller cluster B. Since the recognition of
chemotypes should be based on chemical markers,
then the eigen value from principal component

as distinguishing character adopted in this study, or

analysis was used for this purpose.

herewith as chemical marker, was at least having
eigen value of 0.2 (absolute value). Based on the
eigen values, five volatile compounds were found to
be differentiating characters as indicated by their
eigen values. These compounds were nerol, loliolide,
allo- aromadendrene, nerolidol and neophytadiene.
They represented five major compounds separating
cluster A from B and thus considered as
distinguishing chemical characters. Referring to the
combining results of cluster analysis and principal

Observation on the results of cluster analysis and
principal component analysis indicated that cluster B
could be denoted as  “nerol/loliolide/allo-
aromadendrene” chemotype (chemotype I). Subcluster
A2 was defined as “alpha-selinene” chemotype
(chemotype II), whereas subcluster A1 which showed
the most diverse members was identified as “alpha
pinene/delta carene” chemotype (chemotype III). The
grouping of samples into three chemotypes was
summarized in Table 4.

Table 4. The grouping of C. maxima samples into three chemotypes

Chemotype grouping Typical compound Chemotype members (sample code)
Chemotype I ® nerol ACH-1, ACH-2, JGY-12, JGY-13, JTM-1, JTM-2
e Joliolode
e qllo-aromadendrene
Chemotype I1 ® alpha-selinene ACH-4, ACH-5, JTG-7, JTG-8, JTG-5
Chemotype III ® alpha-pinene ACH-7,JGY-4,JGY-5,JGY-8, JGY-14, ACH-8, SLW-11, SLW-13,
o delta-carene JGY-6, JTG-1, JGY-10, JTG-3, JGY-2, SLW-6, JTM-6, SLW-7,
SLW-10, SLW-9, SLW-14, JGY-15,
SLW-4, SLW-5, JGY-3, JTG-6, JIGY-7, JGY-1, JTM-8, JTM-10
107 e
LR = ot
T f")--f_-_:m 1 :
- e
! =5 T K'H—-"_lh'—l o R Sty
AxE 2 (49.95%) /e yi Lt k\ X
van I t o -w |
n ..u'Jll Ty . -;::h. 161
T "-,\ Ay ”'iu_
i ® @,
‘\\ K37
£ 40— \\\1
e
) 5] e
Chemaotype III
03—
s 1 (9845

Ve iy J, 74

Fig. 2. Biplot graph of PCA results showing the gruping of samples into three chemotypes
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Discussion

Variations on the GC-MS profiles of essential oils
extracted from C. maxima leaves indicated infraspecific
variability of the species. The observed variability was
due to differences in the composition of essential oil
compounds as well as their relative amount among
individual samples. Differences in the composition of
essential oil within plant species are common. Lopez et
al. (2009) pointed out that composition of essential oil
may vary due to differences on geographical origin,
altitude, infraspecific variation, soil type, nutrient status
of the plants and phenology.

The composition of essential oils which comprised
of monoterpenes, sesquiterpenes, diterpenes, ketons,
alkanes and fatty acids was in accordance to
Mondello et al. (2005) who reported that Citrus
essential oils had two components, the volatile and non
volatile compounds. The volatile compounds were
mainly consisted of monoterpenes and sesquiterpenes
with their oxygenated derivates, whereas the non volatile
compounds were aliphatic hydrocarbons, aldehydes,
ketons, acids and esters. Regarding on the number of
compounds, Bakkali et al. (2008) noted that plant
essential oils generally consisted of 20 to 60 components
with various concentrations. Quantitaive analysis of
various compound groups indicated that monoterpenes
and sesquiterpenes were dominant. This result was
similar to the composition of essential oils from Citrus
nobilis, in which monoterpenes and sesquiterpenes were
dominant (Liu ef al., 2013). Similar report was found on
the essential oils of Citrus limetta, with sesquiterpenes
being the most abundant compared to other compounds
(Colecio-Juarez et al., 2012).

The grouping of samples resulted from cluster
analysis, combined with results of principal component
analysis demonstrated the existence of three chemotypes
within C. maxima based on leaf essential oils.
Determination of chemotypes based on the observed
variations of essential oil composition has been the
subject of discussion by several authors. Grayer et al.
(1996) suggested a combination of major essential oil
components rather than a single and dominant compound
as a basis of defining chemotypes. Similar argument was
pointed out by Labra et al. (2004) by mentioning that
chemotype determination should not be based on a single
essential oil component since plants generally have two
or more major compounds of relatively equal amounts.
The use of principal component analysis in determining
chemotypes has been suggested by Boushama et al.
(2006) for Lavanduladentata. In the same way, Wheeler
et al. (2007) used principal component analysis as a
basis for examining infraspecific variation and defining
chemotypes based on leaf essential oils for
Melaleucaquinquenervia. From taxonomical perspective,

31

there were criteria for the recognition of chemotype
when dealing with variations observable within a
species. A chemotype is defined as individuals within a
species which have distinctive chemical phenotype
differed from the other members of the species
(Keefover-Ring et al., 2009).

A number of studies on the use of essential oils for
describing chemotypes in various Citrus species have
been reported. In C. reticulata three chemotypes were
identified based on analysis of leaf essential oils from 58
cultivars. They were recognized as “sabinene/linalool”,
“c-terpinene/linalool” and “methyl N-methylanthranilate”
chemotypes, respectively (Lota et al., 2001). Similarly,
analysis on leaf essential oils of C. limon resulted in
characterization of two chemotypes, whereas four
chemotypes were identified on C. aurantifolia (Lota et al.,
2002). Another chemotaxonomic study on C. reticulata
based on 13 major compounds of essential oils resulted
in the classification of cultivar groups known as
“sabinene/delta-carene”, “gamma-terpinene” and
“sabinene” chemotypes (Kasali et al., 2010). These
studies indicated the existence of variations on essential
oils at species level and their chemotaxonomic
applications on genus Citrus.

Observation on the grouping of samples into three
chemotypes did not correspond to their geographical
origin. This result implied that infraspecific variation on
leaf essential oils defined as chemotypes in this study
indicated the existence of a genetic background. This
inference was formulated referring to an argument
that genetically-determined chemotypes was indicated
when individuals representing populations from
different  geographical origin  with different
environmental conditions clustered within one
chemotype (De Martino et al., 2009; Chauhan et al.,
2011). Result of this study corresponded to previous
chemotaxonomic study on Citrus cultivars from various
countries which confirmed that instead of affected by
geographical origin, variations on essential oils
suggested differences in chemotypes (Bhuiyan et al.,
2009). An important aspect on taxonomic value of
essential oil variations within a species was revealed in
this study, suggesting the role of essential oils as
potential chemical marker in plant classification.

Conclusion

Qualitative and quantitative analysis of leaf essential
oils in this study demonstrated the identification of three
chemotypes within C. maxima. Results of this study,
therefore, supported the recognition of essential oils as
chemotaxonomic marker. Phytochemical analysis in this
study added scientific value of C. maxima leaf essential
oils, especiallytheir potential use as aromatic
components in food, aromatherapy and perfume.
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