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Abstract. Na'imah MNR, Kurniawati A, Kisantini. 2024. Comparison of morphological characters, flowering phenology and essential
oils of two accessions of Cananga (Cananga odorata var. fruticosa). Biodiversitas 25: 801-810. The Cananga flowers are well-known in
various regions of Indonesia as a raw material for essential oils and flower decorations. This study aims to compare the characteristics of
two varieties of Cananga originating from Kediri and Cipanas. Both types of Cananga were cultivated in the Institut Pertanian Bogor
(IPB) Cikabayan experimental field. Observation was conducted on leaf and flower characteristics, flowering phenology, and essential
oil content. The research shows that the Kediri accession exhibited brownish-red leaf petioles, brownish-red branches, and dark brown
stems. In contrast, the Cipanas accession had green leaf stalks, green branches, and light brown stems. The flowering phenology of the
Kediri accession spanned from the emergence of flower buds to the End stage, lasting 35 days, while the Cipanas accession's flowering
period extended for 25 days. The Kediri accession's flowers have more petals and are longer and heavier than the Cipanas accession.
The highest essential oil content of the Cipanas accession occurred at the 50% full flowering stage, reaching 0.92%, and gradually
decreased as the flowering progressed. In comparison, the Kediri accession oil content is the highest at the end of the flowering stage,
with a peak of 0.61%. The highest compound in the Kediri accession is all-trans-Farnesol acetate 14,24%, B-Copaene 12.23%, and
Caryophyllene 15.92%. Meanwhile, in the Cipanas accession, the highest compound content was linalool 18.74% and caryophyllene
16.00%.
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INTRODUCTION

According to the Ministry of Trade of the Republic of
Indonesia (2022), essential oils are a potential commodity
in realizing Indonesia's non-oil and gas exports. The
essential oils provided a growth trend of 10% in Indonesia's
potential non-oil and gas export commaodities from 2017 to
2021. During this period, a total of 25 provinces exported
essential oils with a total of 102 countries of export
destination. Indonesia produces 40 of the 80 types of
essential oils marketed worldwide. As many as kinds of
essential oils have entered the world market, namely
patchouli, vetiver, Cananga, cajuput, lemongrass, clove,
sandalwood, nutmeg, cinnamon, cubeb, and pepper
(Ministry of Trade of the Republic of Indonesia 2011).

Cananga odorata (Lam.) Hook. f. & Thomson belongs
to the Annonaceae family (Saedi 2006). Some Cananga
species worldwide include C. odorata, Cananga latifolia
Finet & Gagnep., Cananga scortechinii King, and Cananga
brandisiana (Pierre) I.M.Turner (Pujiarti et al. 2015).
Geographically, the distribution of C. odorata covers
Indonesia, Malaysia, southern Myanmar, the Philippines,
and northern Australia (Parrotta 2018). Cananga that grows
in Indonesia is C. odorata forma macrophylla, which is
distributed on Java Island in several areas, now referred to

as just Cananga (Hobir et al. 1990). In cananga cultivation
development in Indonesia, farmers have cultivated types of
Cananga other than Cananga forma macrophylla, namely
C. odorata var. fruticose (Ramadhani and Salamah 2021)

The Cananga flower has a significant meaning for the
Indonesian people. Besides being a raw material for
essential oils, Cananga flowers have many benefits, both in
fresh flowers and flower extracts. Fresh Cananga flowers
can also processed into hair oil by heating Cananga
flowers with coconut oil to produce Cananga-scented hair
oil. On the island of Bali, fresh Cananga flowers are used
to perfume hair, clothes, and bedding (Hatta 1993). The
distillation of Cananga flowers produces essential oils,
which are used as raw materials for aromatherapy (Ismail
et al. 2020), antibacterial (Tan et al. 2015), antifungal and
antioxidant (Upadhyay et al. 2021). Cananga oil can be
used as aromatherapy to reduce anxiety disorders (Binoriang
and Pramesti 2021).

Although the use of flowers has been developed for a
long time and has become an industrial raw material, basic
knowledge about flower characteristics, flowering phenology,
and the potential of the oil produced must be discovered.
Flowering phenology is essential in the plant life cycle,
which is the initial plant reproduction (Trimanto et al.
2020). In the growth stage of Cananga flowers, Qin et al.
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(2014) stated that there are seven stages of flowering
development in Cananga, namely budding, petal appearance,
initial flowering, full flowering, final flowering, wilted
flower, and dry flower stages. The compounds released by
Cananga flowers largely depend on the stage of flower
development. In addition, in the inflorescence stage, there
is an initial process for a plant to reproduce, which begins
with the appearance of flower buds and ends with fruit
ripening (Agustin et al. 2021). In addition, because Cananga
flowers have economic value as raw materials for essential
oils, the flowering phenology associated with the
accumulation of essential oils is crucial to be studied.

The development of Cananga flowers can categorized
into several stages, from buds to mature flowers. The
stamens and pistils grow during the bud stage and mature
following the petal emergence phase. (Ramadhani and
Salamah 2021). Flower harvest criteria greatly determine
the essential oil content of an oil producer. In addition, the
flower development stage is also related to the fragrance of
Cananga flower levels, the size of the flowers, and their
aesthetic value as the flowers are used fresh. The variety of
Cananga in Indonesia, such as in the central areas of
Cananga production in East Java and other areas, is still
not widely known. The characteristics of Cananga plant
diversity and studies of flowering phenology associated
with essential oil content are rare. Therefore, studying the
flowering phenology associated with the accumulation of
essential oils is crucial. This information helps determine
the criteria for harvesting the best flowers for essential oil
raw materials or fresh flowers.

MATERIALS AND METHODS

Study area

This research was conducted from September 2022 to
October 2023 at the Cikabayan Experimental Field,
Department of Agronomy and Horticulture, Faculty of
Agriculture, Institut Pertanian Bogor, with an altitude of
240 masl, coordinates 6°33'01" S and 106°42'51" E. Flower
sampling starts from December 2022 to April 2023 (rainy
season), essential oil distillation and GCMS analysis is
carried out from January to October 2023. Daily temperature
ranges from 21-34°C. The soil type is latosol, and the pH is
4.44,

Procedures
Experimental design

This research used a two-factor split-plot experimental
design, with the main plot representing Cananga
accessions and the subplots representing floral growth
stadia. The Cananga accession combines the Kediri and
Cipanas accessions; the Cipanas accession is collected
from a region with more rainfall than the Kediri. Moreover,
the flower growth stage consists of the initial flowering
stage, the 25% full flowering stage, the 50% full flowering
stage, the 75% full flowering stage, and the End flowering
stage. The phase determination (flower growth phase) is
based on Qin et al. (2014), states that there are seven
flowering phases which are then simplified to five levels.
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The experiment was replicated five times so that there were
50 experimental units. Each experimental unit contained
five plants, so there were 250 plants. The seedlings
obtained are developed from vegetative propagation by
grafting, and planting materials are planted using a spacing
of 1x1 m. At the same time, watering is done after
transplanting if there is no rain for two weeks. Mostly, no
irrigation is needed, and the plants get water from
rainwater. Initial fertilization is carried out before
transplanting using manure (1 kg/planting hole), and NPK
(16-16-16) fertilization at a dose of 10g/plant is carried out
every two months.

Observations and measurements included morphological
characters, flowering phenology, flower production, and
essential oil content. Leaf morphology was observed on
leaf color, and leaf length was measured from the tip of the
leaf to the base of the leaf. Leaf width was measured at the
most comprehensive distance between the two edges of the
leaf. In addition, the ratio of length/width of the leaf was
observed by comparing the results of the measurement of
the length and width of the leaf with the criteria of the
width being more prominent than twice the length, the
leaves being rounded, the color of the stalk and the color of
the central leaf veins. Stem morphology on the color of
young and old stems was observed by looking at the
differences in stem color of the two accessions. Flower
morphology was observed on the petals' length by
measuring the petals' length from the petals' base to the
petals' tip. The number of petals was observed by counting
the number of petals contained in one flower, the weight of
the flowers was weighted on each flower in each
developmental stage, and the color of the flowers was
observed by comparing the color of each flowering stage
referring to the Munsell Plant Tissue Color Book.
Observation of plant morphology using three replications,
each replication using five plants. Flower morphology
observation using five replications with five samples per
replication. Observation of leaf anatomy using three
replications with two leaf samples per replication.

The observation material used for stomata and trichome
leaves is completely opened and located on primary
branches. Collecting leaf stomata, leaf trichomes, and
flowers is done by attaching an adhesive tool using clear
tape to the leaf's surface and rubbing it gently until the
adhesive sticks perfectly. Next, apply nail coloring thinly
and evenly to the dry nail polish leaves' bottom surface,
remove them using insulation, and then stick them on the
glass preparation. Observation of stomata and trichomes
using a microscope with a magnification of 40x with a field
of view of 2.8 units in diameter and a field of view of 0.5
mm?. Analysis of leaf pigments in the form of chlorophyll,
anthocyanin, and carotenoid used the Sims and Gamon
method (2002). Organoleptic testing was carried out by
testing 10 respondents to determine the flower aroma score.
The flower aroma score is (1) not fragrant, (2) slightly
fragrant, (3) fragrant, (4) very fragrant.

Observations of flowering phenology were carried out
by calculating the time required from one stage of the
flowering stage to the next. Flowering phenology
observations were carried out by observing 5 replications
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of each treatment, with 5 sample plants in each replication.
Meanwhile, the volume of extracted essential oils is
measured, and the essential oil content is calculated at each
flowering stage. Extraction of essential oils was carried out
by the boiled distillation method with distillation
equipment, which was carried out by lowering the flowers
in a kettle with water until all the flowers were submerged
entirely and boiled for 6 hours to produce essential oils
(Guenther 1987). The formula for obtaining essential oil
content is (oil weight/sample weight) x 100%.

Observation of essential oil profiles using Shimadzu
brand GC-MS. The sample was injected into the mass
spectroscopy instrument using an autosampler of 200 pL.
The results obtained from the GC-MS instrument are GC
spectra, namely the retention time; mass spectra can be
obtained for the relative molecular mass of each compound
and abundance of the compound produced from the
sample.

Data analysis

Observations on the morphological characters will
describe the characteristics of each accession of Cananga.
The quantitative character data of the vegetative stage were
compared with the t-test at a 5% level; the quantitative data
of the reproductive stage were tested with the F-test and
further tested with the Honest Significant Difference (HSD)
at a 5% level if significantly different were observed.

RESULTS AND DISCUSSION

Morphological character of Cananga

The morphology of the two Cananga accessions
observed showed differences in the characters on the leaves
and stems, which included leaf length, leaf width, petiole
color, leaf's primary vein color, and branch color (Table 1).
The general differences between the two Cananga plant
accessions can be seen in Figure 1. The Kediri accession
has greater leaf length and width than the Cipanas
accession. Cananga leaves include single leaves with
pinnate veins and a leaf length ratio of twice the leaf width,
which is oval. The color of the two accessions' petioles is
different; the petiole of the Kediri accession is brownish

it is brownish red. The Cipanas accession has a green
primary vein color from the leaf vein's tip to the leaf's base.

The color of the branches between the two accessions
also shows differences. The Kediri accession is brownish
red, while the Cipanas accession is green (Figure 3). The
old stem (primary) color of the Kediri accession is browner
than the Cipanas accession. It has fewer round white spots
than the Cipanas accession, which has more white spots.

The physiological characteristics between the two
accessions did not show significant differences. Kediri and
Cipanas accessions had the same chlorophyll a, b, and total
chlorophyll (Table 2). The two accessions also exhibited
comparable levels of anthocyanin and carotenoid contents.
The number of stomata, stomata density, trichomes, and
density of trichomes on the leaves of the Kediri accession
and Cipanas accession from the two accessions showed no
significant difference (Figure 4). At the same time, it can
be described that the Cipanas accession has a larger
stomata, stomata density, trichomes, and density of
trichomes than the Kediri accession (Table 3).

Both accessions have different flower morphology at
each development stage (Figure 5). The Kediri accession
has a greater weight, length, and number of petals than the
Cipanas accession (Table 4). The flowering stage influences
the size of the Cananga flower, namely its weight, length,
and number of petals. During observation, both accessions
did not produce fruit.

The flowering stage significantly influences the number
of trichomes found in the flowers of the Kediri and Cipanas
accession Cananga (Table 5). The number of flower
trichomes in the Cipanas accession was more than in the
Kediri accession. The highest number of Cananga flower
trichomes was at the initial flowering stage, and then the
number decreased until the end. The Cananga trichomes of
Cipanas and Kediri accessions are in Figure 6.

Table 1. Characteristics of leaves of two Cananga accessions

. Accession
Variable Kediri Cipanas
Leaf color Green Green
Leaf length (cm) 16.03+1.5 14.5+1.2
Leaf width (cm) 7.61+0.8 6.74+0.5

. . Petiole color Brownish red Green
red. In contrast, the color of the petiole of the Cipanas Lea'fvs central vein color Brown:sh green Green
accession is green (Figure 2). The Kediri accession has  Branch color Brownish red Green
green main leaf veins from the tip of the leaf vein to the _ Stem color Dark brown Light brown
middle, and from the middle of the leaf vein to the petiole,
Table 2. Leaf pigment analysis of two Cananga accessions
. Pigments (mg/qg)

Accessions Chiorophyll a Chiorophyll b Chlorophyll total Anthocyanin Carotenoid
Kediri 1.641+0.20 0.586+0.09 2.227+0.29 0.433+0.09 0.633+0.06
Cipanas 1.849+0.09 0.662+0.04 2.511+0.13 0.538+0.24 0.636+0.04
t-test ns ns ns ns ns

Notes: ns: not significant
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Table 3. Stomata and leaf trichomes of two Cananga accessions

Accessions Number of stomata Stomata density (/mm?) Number of trichomes Trichome density (/mm?)
Kediri 56.3+5.68 295.91+29.01 2.6+0.5 6.8+2.9
Cipanas 58.3+6.80 301.83+34.72 3.6+1.1 8.5+5.8
t-test ns ns ns ns

Notes: tn: not significant

Table 4. Weight, petal length, and number of flower petals

Flower morphological characteristics

Variable

Weight per flower (g) Petal length (cm) Number of petals

Accessions

Kediri 1.99+1.2a 4.90+2.1a 13.59+1.1a

Cipanas 1.05+0.5b 4.75+2.4b 5.96+0.3b
Flowering stage

Initial flowering 0.36+1.11e 1.67+0.2¢ 9.08+3.7b

25% full flowering 0.80+1.1d 3.0040.3d 9.60+3.9ab

50% full flowering 1.41+1.07c 4.98+0.1c 10.10+4.3a

75% full flowering 2.24+1.17b 6.62+0.18b 9.60+4.2a

End-flowering 2.79+1.12a 7.85+0.15a 10.14+4.1a

Notes: Numbers followed by the same letter in the same column were not significantly different in the HSD test

Figure 1. A-C. Kediri accession: A. Plant, B. Leaves, C. Flowers, D-F. Cipanas Accession: D. Plant, E. Leaves, F. Flowers. Bar =5 cm

A B | C | D | E F
Figure 2. Upper leaves: A. Accession of Kediri, B. Accession of Cipanas. Lower leaves: C. Kediri accession; D. Cipanas accession;
petiole: E. Cipanas accession; F. Kediri accession. Bar: 2 cm




NA’IMAH et al. — Essential oil on flowering Cananga 805

Figure 3. A. Branch of the Kediri accession, B. Branch of the Cipanas accession, C. Stem of the Kediri accession, D. Stem of the
Cipanas accession. Bar =5 c¢cm

Figure 4. A. Stomata of Kediri accession, B. Stomata of Cipanas accession, C. Trichome of Kediri accession, D. Trichome of Cipanas
accession

G

G H J K

Figure 5. Kediri accession: A. Buds, B. Beginning of flowering, C. 25% full flowering, D. 50% full flowering, E. 75% full flowering, F.
End-flowering. Cipanas Accession: G. Buds, H. Beginning of flowering, 1. 25% full flowering, J. 50% full flowering, K. 75% full
flowering, L. End-flowering. A and G. Bar =1 cm, B-F and H-L. Bar =2 cm
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Moreover, flower development is also marked by
changes in color (Table 6). The color in the initial
flowering stage is green and will turn yellow as it
progresses until it reaches the complete development stage.
The color of Cananga lowers in the initial flowering stage
is 5GY 5/4 with a light olive-green. Furthermore, the color
intensity is the same for both Cananga up to the 50% full
flowering stage, namely 5GY 6/6 with a moderate yellow-
green. Next, the color difference between the two
accessions occurs at the 75% full flowering stage, with a
value of 2.5GY 5/6 with a moderate yellow-green for the
Kediri accession and 2.5GY 7/8 with a strong yellow-green
for the Cipanas. At the end of the flowering stage, both
types of Cananga have the same color, with a value of 5Y
7/8 with a yellow. Therefore, the flower color of both
accessions in the initial flowering stage, 25% full
flowering, 50% full flowering, and the end flowering stage
were the same.

The flower fragrance level was changed in the
development stage. The initial flowering stage is that up to
25% of full flowers are not fragrant. As the flower
develops, the fragrance of the flower increases, with the
highest level of fragrance occurring in the end flower stage.
The 50% flowering stage of the two accessions started to
produce a slightly fragrant aroma, with a score of 2.5 and
2.8. It continues to increase until it becomes very fragrant
in the end flowering stage at score 4.0 (Table 6).

Phenology of Cananga

The flowering phenology of Cananga for the two
accessions is shown in Table 7. The Kediri accession has a
flowering period of 35 days. In contrast, the Cipanas
accession has a flowering period of 25 days. Based on the
accumulated temperature, the flowering stage of both types
of Cananga has a heat unit value of 591°CD and 432°CD.

Cananga essential oil

The essential oil of Cananga flowers from Kediri and
Cipanas in various flowering stages are presented in Table
8. The initial flowering stage produced the lowest oil
content value of 0.15% in the Kediri accession and 0.20%
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in the Cipanas accession. The highest content of essential
oils was produced in the end flowering stage at 0.61% for
the Kediri accession, while the Cipanas accession was at
the 50% flowering stage with an essential oil content of
0.92%.

The compound content identified in Cananga essential
oil using the GCMS method is presented in Table 9. There
were 20 compounds were identified from the two Cananga
accessions and contained various compounds. The
averaged highest metabolite compounds in the essential oil
of the Kediri accession Cananga are linalool, caryophyllene,
B-Copaene, and benzyl benzoate. Meanwhile, the Cipanas
accession's averaged most abundant metabolite compounds
were linalool, caryophyllene, a-Bergamotene, B-Copaene,
trans-farnesol, and benzyl benzoate.

Table 5. Trichomes on Cananga flower petals of Kediri and
Cipanas accessions

Number of flower petal trichomes

Flowering stage

Kediri Cipanas
Initial flowering 41.6+4.7a 61.6+3.5a
25% full flowering 20.3+2.5b 41.6+7.5b
50% full flowering 15.3+1.5bc 40.315.8b
75% full flowering 13.3+1.5¢ 32.6+2.5bc
End-flowering 13.0+4.3¢c 30.6+15¢c

Notes: Numbers followed by the same letter in the same column
are not significantly different, with an error rate of 5%

Table 6. Comparison of color and fragrance of Cananga flowers
from Kediri and Cipanas accessions

Flowering stage Kediri Cipanas

Color Fragrance Color Fragrance
Initial flowering 5GY 5/4 1.0 5GY 5/4 1.0
25% full flowering 5GY 5/6 11 5GY 5/6 14
50% full flowering 5GY 6/6 25 5GY 6/6 2.8
75% full flowering 2.5GY 5/6 3.6 2.5GY 7/8 3.8
End flowering 5Y 7/8 4.0 5Y 7/8 4.0

Notes: Color: GY: green-yellow; Y: yellow. Color characters refer
to the Munsell Plant Tissue Color Book

Table 7. Phenology of Cananga flowering in Kediri and Cipanas accessions

Flowering stages Kediri Cipanas
gstag Times (days) Heat unit (°CD) Times (days) Heat unit (°CD)
Buds - initial flowering 10 174 8 136
initial flowering - 25% full flowering 8 137 6 102
25% full flowering - 50% full flowering 7 119 5 86
50% full flowering - 75% full flowering 6 93 3 54
75% full flowering - End-flowering 4 68 3 53
Total 35 591 25 432
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Figure 6. Petal trichomes of the Kediri accession: A. Beginning of flowering, B. 25% full flowering, C. 50% full flowering, D. 75% ful

flowering, E. End-flowering. Flower surface of Cipanas accession: F. Beginning of flowering, G. 25% full flowering, H. 50% full
flowering, 1. 75% full flowering, J. End-flowering

Table 8. Results of Cananga flower oil extraction at various flowering stages

Accession Flowering stages Flower weight (g) Flower moisture content Oil volume Content of essential oil
on a wet basis (%6) (mL) (%)

Kediri Initial flowering 237.00+38.2 19.10+0.7 0.3510.1 0.1540.01
25% full flowering 211.90+42.0 22.0043.0 1.00+0.1 0.4740.03
50% full flowering 230.15+18.9 22.16+0.9 1.13+0.7 0.51+0.36
75% full flowering 238.33+32.5 23.49+1.1 1.37+0.1 0.58+0.05
End flowering 225.33+34.5 26.43+1.7 1.43+0.8 0.61+0.28

Cipanas Initial flowering 223.15%21.4 20.79+1.2 0.45+0.1 0.20+0.01
25% full flowering 164.00+56.6 22.05+1.2 0.95+0.6 0.5440.20
50% full flowering 261.60+11.9 23.14+1.5 2.4040.1 0.9240.01
75% full flowering 244.33+31.9 27.3440.6 1.97+0.9 0.7840.27
End flowering 163.23+43.8 27.89+1.0 1.43+0.4 0.88+0.07

Table 9. Cananga essential oil profile

Abundance (%)

Retention . Kediri Cipanas
time Chemical compound 50% full  75% full End 50% full  75% full End
flowering flowering  flowering  flowering flowering  flowering

3.388 a-Thujene 1.09 1.14 1.04 1.00 1.20 1.15
5.769 B-Myrcene 1.16 1.17 - 1.08 1.04 1.01
7.783 trans-B-Ocimene 2.45 2.65 2.26 2.50 2.35 2.30
8.338 B-Ocimene 3.15 3.37 2.86 3.23 3.01 2.92
16.131  Benzene, 1-methoxy-4-methyl- 1.52 214 1.69 1.52 1.73 1.68
21.953  Linalool 9.68 9.40 9.45 18.74 16.51 9.70
23.852  Caryophyllene 13.58 11.71 15.92 15.08 16.51 16.00
27541  Humulane 3.85 3.17 4.71 4.68 5.09 4.71
29.492  a-Bergamotene 6.89 - - 5.45 6.65 9.68
29.502  Cis-trans-a-Farnesene - 11.28 11.12 - - -

29.668  B-Copaene 12.82 12.23 14.07 11.38 11.67 12.59
32.527  a-Farnesene 5.92 7.62 7.16 4.64 5.77 6.63
35.490  3,4-Dimethoxytoluene 2.50 3.05 2.59 3.43 3.69 2.60
45.708  Methyleugenol 1.70 1.29 1.41 2.89 2.09 1.38
49.821  a-cadinol 3.38 261 1.81 - - 2.06
49.852 Benzene, 1,2,3-trimethoxy-5-(2- - - - 2.12 1.81 -

propenyl)
50.283  (2E,6E)-3,7,11-Trimethyldodeca- - - - - - 1.19
2.6.10-trienyl propionate
51.549  All-trans-Farnesol acetate 14.24 - 1.07 - - -
51.544  Trans-Farnesol 11.52 9.21 9.57 8.20 10.99

56.924  Benzyl Benzoate 7.01 7.39 6.36 5.13 5.85 7.29
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Figure 7. Cananga essential oil in the end flowering stage A.
Kediri accession. B. Cipanas accession

Moreover, several unique compounds are contained
only in Kediri or Cipanas accession. Special compounds
that only the Kediri accession has been Cis-trans-a-
Farnesene and all-trans-Farnesol acetate. Meanwhile, the
compounds only possessed by the Cipanas accession are
Benzene 1,2,3-tri methoxy-5-(2-propenyl) and (2E,6E)-
3,7,11-Trimethyldodeca-2.6.10-trienyl propionate. In the
Kediri accession, the highest compound content was all-
trans-Farnesol acetate 14.24% 50% full flowering stage,
12.23% p-Copaene 75% full flowering, and 15.92%
Caryophyllene end flowering stage. Meanwhile, in the
Cipanas accession, the highest compound content was
18.74% linalool in the 50% full flowering, 16.51% linalool
in the 75% full flowering, and 16.51% caryophyllene in the
end flowering stage.

Discussion

Cananga is a complete or perfect flower with petals,
sepals, pistils, and stamens (Nurhayani et al. 2019). The
morphology of the two Cananga accessions observed
showed differences in the leaf and stem characteristics,
including leaf length, leaf width, petiole color, leaf's central
vein color, and branch color. The flower color of both
accessions in the initial flowering stage, 25% flowering,
50% flowering, and the end stage, were the same. The
initial flowering stage has the lowest weight, length, and
number of petals and increases in size with the
development of the flowering stage; the end flowering
stage has the largest flower size. The Cananga is usually
used as fresh flowers, considering the level of its fragrance.
Therefore, the flower development stage, where the flowers
begin to emit a fragrant aroma, is the appropriate stage for
harvesting for fresh use.

There are two types of trichomes, namely glandular
and non-glandular. Glandular trichomes have a bubbly
shape containing secondary metabolites, while non-
glandular trichomes have branched or unbranched
unicellular or multicellular forms (Juhari et al. 2014). Some
trichome genes can be involved in flower biosynthesis to
produce odors, taste, color, and secondary metabolite
compounds (Li et al. 2020). Trichomes of Cananga flower
petals are also glandular, which secrete Cananga essential
oil, allowing the flower petals to release their fragrance.
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In addition, the quantity and quality of essential oils are
influenced by several factors, including differences in soil
quality, temperature (Sestelo and Carrillo 2020), plant
origin, and flower development (Hassiotis et al. 2014). The
flowering period of the Cipanas accession is 25 days, and
the Kediri accession is 35 days. It was also reported by
Ramadhani and Salamah (2021) that the development of
Cananga flowers can be categorized into several stages,
starting from bud to mature flower, which takes around 35
days. The Kediri accession requires a heat unit of 591°CD,
while the Cipanas accession requires 432°CD in the flower
development process from flower buds to the end of
flowering stages. Heat unit is used to predict growth stage
and physiological response by the temperature accumulation.
The heat unit can influence the molecular aspects of flower
induction (Parthasarathi et al. 2013).

The average minimum and maximum temperature in
the research field ranges from 23-32°C. Cananga grows in
warmer areas, which allows the flower growth period to
occur more quickly. Cananga odorata thrives in more
humid lowland tropical areas with an average annual
temperature of 21-27°C (Yusuf and Sinohin 1999). Forest
cloves' heat units and phenology are important in planning
cultivation with similar climatic conditions to project the
right harvest time (Kamsurya et al. 2022). The flowering
and fruiting period in plants is a natural period that is
seasonal and is often influenced by temperature. In
addition, Annonaceae plant species in subtropical areas
have an earlier flowering and fruiting period than those in
tropical areas (Lestari 2020).

Several factors, including the flower growth stage, can
influence the essential oil contents. In all flowering stages,
the essential oil content from the Cananga flowers of the
Cipanas accession was higher than from the Kediri. The
highest essential oil content is 0.92%, produced by Cipanas
accession at the 50% full flowering stage. The previous
research stated that the oil content of Cananga produces an
oil content of around 1.27-2.3% (Mahfud et al. 2017; Uday
et al. 2022). The optimal stage to get the higher content of
Cananga essential oil is at the flowering stage starts to turn
yellow with a purplish-red heart (Chakira et al. 2022).
Hydrodistillation produced more qualified Cananga oil
regarding oxygenated compounds and ester content than
steam-water distillation (Oktavianawati et al. 2022).
Therefore, the best peppermint essential oil results are
produced during the first harvest with 50% chemical and
nano-chelated fertilizers (Ostadi et al. 2020). The best time
to harvest Thymus capitatus (L.) Hoffmanns. & Link for
phenol content is during or immediately before the full
bloom (Casiglia et al. 2015). Lemongrass oil content
increases with a larger surface area containing more oil
content than leaves with a smaller size (Akhihiero et al.
2013). The growth time and type of B. balsamifera plant
organs influence the composition and content of essential
oil produced. The essential oil level in the young leaves
was the highest, followed by mature and senescent leaves,
with 44 compounds identified (Yuan et al. 2016).

The physical quality standards for Cananga essential oil
are based on the Indonesia National Standard (SNI 06-
3949-1995), including color, refractive index, specific
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gravity, optical rotation, ester number, solubility in ethanol,
and steam distillation residue. According to SNI, the
physical characteristic of Cananga flower oil is light
yellow, and this study revealed that the essential oil from
various stages of flower development is light yellow
(Figure 7). This means that based on the color of the oil,
both Kediri and Cipanas accessions produce Cananga
essential oils that comply with SNI. Moreover, all oils from
various stages of flower development produce the flower's
characteristic fragrant aroma.

The morphology of Cananga leaves from Kediri and
Cipanas accessions has differences in the leaf stalk, branch
color, and stem color. The flower morphology also differs
between these two accessions. The Kediri accession flower
has a 13 number of petals is higher and longer in size, and
the weight per flower is heavier than the Cipanas accession
at all flowering stages. The Kediri accession's flowering
stage lasts 35 days, while the Cipanas accession takes 25
days. The highest essential oil content of the Cipanas
accession was in the 50% full flowering stage of 0.92% and
decreased until the end flowering stage. The Kediri
accession produced the highest essential oil content at the
end of the flowering stage, reaching 0.63%. Thus, the
Cipanas accession flowers should be harvested earlier than
the Kediri accession. However, the flower weight of Kediri
accessions is heavier at that same stage.

ACKNOWLEDGEMENTS

Thank you to the Ministry of Education, Culture,
Research and Technology, Republic of Indonesia, for
funding this research through the 2023 Masters Research
Scheme with contract number 18873/1T3.D10/PT.01.02/
M/T/2023.

REFERENCES

Agustin EK, R FG. 2021. Fenologi pembungaan dan penyerbukan Cereus
jamacaru DC (Cactaceae) Koleksi Kebun Raya Bogor. Jurnal
Agronomi Indonesia 49 (1): 82-88. DOI: 10.24831/jai.v49i1.32994.
[Indonesian]

Akhihiero ET, Ayodele BV, Akpojotor GE. 2013. Effect of particle size
and temperature variation on the yield of essential oil from lemon
grass using steam destilation. Afr J Phys 6: 105-112.

Binoriang DP, Pramesti SW. 2021. The comparison of the effectiveness
between Cananga aromatherapy and dzikr therapy on reducing
anxiety in the elderly with hypertension at posyandu Tawarsari
Wonosari Gunungkidul. Bali Med J 10 (3): 1263-1180. DOI:
10.15562/bmjv10i3.2871.

Casiglia S, Bruno M, Scandolera E, Senatore F, Senatore F. 2015.
Influence of harvesting time on composition of the essential oil of
Thymus capitatus (L.) Hoffmanns. & Link. Growing wild in northern
Sicily and its activity on microorganisms affecting historical art crafts.
Arab J Chem 12: 2704-2712. DOI: 10.1016/j.arabjc.2015.05.017.

Chakira A, Cyrielle G, Christian S, Jerome M, Marc C. 2022. Effect of
flower development stage on dynamics of volatile compounds in
ylang-ylang (Cananga odorata) essential oil. J Horticult 986 (8): 986.
DOI: 10.3390/horticulturae8110986.

Guenther E. 1987. The Essential Oils. Ul Press, Jakarta.

Hassiotis CN, Ntana F, Lazari DM, Poulios S, Vlachonasios KE. 2014.
Environmental and developmental factors effect essential oil
production and quality of Lavandula angustifolia during flowering
period. Ind Crops Prod 62: 359-366. DOI:
10.1016/j.indcrop.2014.08.048.

Hatta S. 1993. Budidaya Kenanga. Kanisius Press. 11-12. [Indonesian]

Hobir, Ellyda A, Anggreini, Makmun. 1990. Cananga and ylang-ylang.
Intl Syst Agric Sci Technol 6 (1): 30-37. [Indonesian]

Ismail SNAS, Soffian SSS, Aziz RA, Tahiruddin NSMT. 2020.
Antibacterial and insect-repellent activities of Cananga odorata essential
oil. In: Alias N, Yusof R (eds). Charting the Sustainable Future of
ASEAN in Science and Technology. Springer, Singapore. DOI:
10.1007/978-981-15-3434-8_26.

Juhari MAAA, Talip N, Amri CNAC, Rahman MRA. 2014. Tricomes
morphology on petals of some acanthaceae species. Reinwardtia 14
(1): 79-83. DOI: 10.55981/reinwardtia.2014.398.

Kamsurya MY, Ala A, Musa Y, Rafiuddin. 2022. Short communication:
correlation of flowering phenology and heat unit of forest cloves
(Syzygium obtusifolium) at different elevations in Maluku Province,
Indonesia. Biodiversitas 23: 55923-5599. DOI: 10.13057/biodiv/d231107.

Lestari DA, Abban PF. 2020. Environmental factors influence on
flowering and fruiting period of selected essential oil plant from
Annonaceae. Biodiveritas 21: 910-921. DOI: 10.13057/biodiv/d210309.

Li J, Ye C, Chang C. 2020. Comparative transcriptomics analysis
revealing flower trichome development during flower development in
two Lonicera japonica Thunb. Cultivars using RNA-seq. BMC Plant
Biol 20: 341. DOI: 10.1186/512870-020-02546-6.

Mahfud M, Putri DKY, Dewi IEP, Kusuma HS. 2017. Extraction of
essential oil from Cananga (Cananga odorata) using solvent-free
microwave extraction: A preliminary study. Rasayan J Chem 10 (1):
86-91. DOI: 10.7324/RJC.2017.101162.

Ministry of Trade of the Republic of Indonesia. 2011. Indonesian
Essential Oil. Trecyda, Jakarta. [Indonesian]

Ministry of Trade of the Republic of Indonesia. 2022. MTF (Montly Trade
Figure). Center for Data and Information Systems: Secretariat
General of the Ministry of Trade of the Republic of Indonesia,
Jakarta. [Indonesian]

Nurhayani FO, Wulandari AS, Suharsi TK. 2019. The floral morphology
and anatomy of kenanga (Cananga odorata (Lam.) Hook.f. &
Thomson). IOP Conf Ser: Earth Environ Sci 394 (1): 012034. DOI:
10.1088/1755-1315/394/1/012034.

Oktavianawati I, Anggraini R, Pratiwi AD, Winata INA. 2022.
Comparative study of water volume and distillation time on Cananga
essential oil profiles resulted from hyfrodistillition and steam-water
distillation by cohobation method. AIP Conf Proceed 2638 (1):
060003. DOI: 10.1063/5.0104402.

Ostadi A, Javanmard A, Machiani MA, Morshedloo MR, Nouraein M,
Rasouli F, Maggi F. 2020. Effect of different fertilizer sources and
harvesting time on the growth characteristics, nutrient uptakes,
essential oil productivity and composition of Mentha x piperita L.
Indus Crop Prod 148: 112290. DOI: 10.1016/j.indcrop.2020.112290.

Parrotta JA. 2018. Cananga odorata. Enzyklopadie der Holzgewachse 54:
01-10. DOI: 10.1002/9783527678518.ehg2010004.

Parthasarathi T, Velu G, Jeyakumar P. 2013. Impact of crop heat unit on
growth and developmental physiology of future crop production: A
review. Res Rev A J Crop Sci Technol 2 (1): 2319-3395.

Pujiarti R, Widowati TB, Kasmudjo, Sunarta S. 2015. Kualitas, komposisi
kimia, dan aktivitas anti oksidan minyak kenanga (Cananga odorata).
Jurnal llmu Kehutanan 9 (1): 3-11. DOI: 10.22146/jik.10179.
[Indonesian]

Qin XW, Hao CY, He SZ, Wu G, Tan LH, XU F, Hu RS. 2014. Volatile
organic compound emissions from different stages of Cananga
odorata flower development. Molecules 19 (7): 8965-8980

Ramadhani IAMR, Salamah A. 2021. Study of Cananga odorata (Lam.)
Hook. f. & Thoms. flower development: Morphological variations in
an urban environment. IOP Conf Ser: Earth Environ Sci 940 (1):
012015. DOI: 10.1088/1755-1315/940/1/012015.

Ratnasari D. 2014. Perbedaan efektivitaas minyak atsiri bunga kenanga
(Cananga odorata) sebagai repelan terhadap gigitan nyamuk Aedes
aegypti dengan konsentrasi 5%, 15% dan 25%. Coping: Community
of Publishing in Nursing 2 (3): 1-6. [Indonesian]

Saedi N, Crawford GV. 2006. Botanical briefs: Ylang-ylang oil-extracts
from the tree Cananga odorata. Cutis 77 (3): 149-150.

Sestelo MF, Carirrlo JM. 2020. Composition of essential oil in wild
population of spike lavender (Lavandula latifolia Medik.).
Agriculture 10 (12): 626. DOI: 10.3390/agriculture10120626.

Sims DA, Gamon JA. 2002. Relationships between leaf pigmen content
and spectral reflectance across a wide range of species, leaf structures
and developmental stage. Remote Sense Environ 81 (2-3): 337-354.
DOI: 10.1016/S0034-4257.



810

Tan LT, Lee LH, Yin WF, Chan CK, Abdul KH, Chan KG, Goh BH.
2015. Traditional ues, phytochemistry, and bioactivities of Cananga
odorata (ylang-ylang). Evid Based Complement Alternal Med 2015:
896314. DOI: 10.1155/2015/896314.

Trimanto, Dyah AP, Destario M. 2020. Karakterisasi morfologi dan
fenologi pembungaan dua aksesi Kopsia pauciflora Hook.f. bunga
putih dan merah muda di Kebun Raya Purwodadi, Jawa Timur.
Buletin Plasma Nuftah 26: 77-88. DOI: 10.21082/blpn.v26n2.2020.p77-
88. [Indonesian]

Uday KLS, Srinivasappa KN, Venugopala RM, Tamil VK. 2022.
Influence of time and stage of flower harvest on oil yield, quality and
screening of oil for it antibacterial properties of Cananga odorata
Hook. F. and Thomson. Pharma Innov J 11 (6): 212-215. DOI:
10.22271/tpi.

BIODIVERSITAS 25 (2): 801-810, February 2024

Upadhyay N, Singh VK, Dwivedy AK, Chaudhari AK, Dubey NK. 2021.
Assessment of nonencapsulated Cananga odorata essential oil in
chitosan nanopolymer as a green approach to boost the antifungal,
antioxidant and in situ efficacy. Intl J Biol Macromol 171: 480-490.
DOI: 10.1016/j.ijbiomac.2021.01.024.

Yuan Y, Huang M, Pang YX, Yu FL, Chen Ce, Liu LW, Chen ZX, Zhang
YB, Chen XL, Hu X. 2016. Variations in essential oil vyield,
composition, and antioxidant activity of different plant organs from
Blumea Balsamifera (L.) DC. At diverent growth times. Molecules 21
(8): 1024. DOI: 10.3390/molecules21081024.

Yusuf UK, Sinohin VO. 1999. Cananga odorata (Lamk) Hook.f. &
Thomson. In: Oyen LPA, Dung NX (eds). Plant Resources of South-
East Asia No 19: Essential-oil plants. PROSEA Foundation, Bogor,
Indonesia. protadu.org/prosea.



