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Abstract

C. sintoc is a plant that has a high essential oil content. Essential oils have many health benefits. Mount Ciremai
National Park is an area that has abundant vegetation, especially C. sintoc. The purpose of this study was to predict
the volume of oil contained in the leaves of C. sintoc based on its growing location in Mount Ciremai National
Park (TNGC), West Java. Sampling was carried out in two stages, namely field samples and laboratory samples.
Field samples with a single plot measuring 20 x 20 meters. Extraction of laboratory samples by steam distillation
method. Data analysis using ANFIS method to predict the volume of essential oil. The results showed that the
volume of essential oil in the leaves was largest on the western slope (1,96 ml), northern slope (2,01 ml), eastern
slope (1,55 ml) and southern slope (1,37 ml) while the essential oil yield of extract oil in the leaves is found on the
western slope (0,08%), northern slope (0,07 %), eastern slope (0,06 %) and southern slope (0,04), On the western
slope (1,82 ml), northern slope (1,73 ml). The ANFIS analysis results showed a prediction accuracy of 90,99% with
the highest tree productivity when C. sintoc BL grows at an altitude of 650-700 meters above sea level, tree diameter
of 42 cm, height of 12 m, growing on sand-textured land and at a humidity of 75 and at a growing temperature
range of 25-270C. The value of essential oil production volume is influenced by each variable such as tree diameter,
tree height, soil texture, altitude, temperature and humidity.
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Resumo

Cinnamomum sintoc é uma planta que possui alto teor de 6leo essencial. Os 6leos essenciais podem apresentar
muitos beneficios para a satde. O Parque Nacional Monte Ciremai é uma area que possui vegetacdo abundante,
principalmente C. sintoc. O objetivo deste estudo foi prever o volume de dleo contido nas folhas de C. sintoc com
base em sua localizagdo de crescimento no Parque Nacional Monte Ciremai (TNGC), Java Ocidental. A amostragem
foi realizada em duas etapas, nomeadamente amostras de campo e amostras de laboratério. Amostras de campo
foram coletadas em area com parcela tinica medindo 20 x 20 metros. Para a extragdo de amostras laboratoriais,
utilizou-se o método de destilacdo a vapor. Andlise de dados foi realizada utilizando o método ANFIS para previsdo
do volume de 6leo essencial. Os resultados mostraram que o volume de 6leo essencial nas folhas foi maior na encosta
oeste (1,45 mL), sendo na encosta norte (1,37 mL), na encosta leste (1,09 mL) e na encosta sul (0,88 mL), enquanto
o volume de dleo extraido nas folhas sdo encontradas na encosta oeste (1,45 mL), encosta norte (1,37 mL), encosta
leste (1,09 mL) e encosta sul (0,88 mL). Na encosta oeste (1,82 mL), encosta norte (1,73 mL), encosta leste (1,24 mL)
eencosta sul (1,22 mL). Os resultados da analise ANFIS mostraram uma precisdo de previsdo de 90,99%, apontando
a maior produtividade de arvores quando C. sintoc BL cresce a uma altitude de 650-700 m acima do nivel do mar,
com didmetro da arvore de 42 cm e altura de 12 m, crescendo em textura de areia terra, a uma umidade de 75% e
auma faixa de temperatura crescente de 25-27°C. O valor do volume de producdo de 6leo essencial é influenciado
por cada variavel, como didmetro da arvore, altura da arvore, textura do solo, altitude, temperatura e umidade,
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1. Introduction

C.sintoc is widely distributed in Mount Ciremai National
Park (TNGC), West Java, Cinnamon (Cinnamomun sp.) is
one of the multi-functional plants that can be utilized in
the food and beverage industry, medicine, essential oils
and oleoresins derived from the stem, branches, twigs,
leaf tops and roots of the plant, This plant is widely found
growing in West Java, Central Java, Malaysia and Thailand.
Based on the research of Ismail et al. (2019) in West Java,
precisely in Mount Ciremai National Park (TNGC), this
plant lives and develops with the category of rare plants,
is able to grow at an altitude of 500-1200 meters above
sea level or in lowland forests and is quite tolerant of the
environment with different lengths of sunlight.

This plant has a morphology with a height of up to
40 meters and a stem diameter of up to 30 cm, the bark is
brownish gray and reddish on the inside, Then the leaves
are oval-shaped green with a shiny surface, the leaves
have a clove-like aroma when squeezed, The flowers of
C. sintoc have a white to pale yellow color and the fruit
is oval with a size of 1,8 cm x 0,8 cm (Wuu-Kuang, 2011).

Besides being a rare or endangered plant species, C. sintoc
also produces essential oils from its roots, bark, and leaves
with 30 chemical components (Ismail et al., 2019), The
essential oil of C. sintoc found in Malaysia has the main
component in the leaves, namely Safrole (23,4%) and in the
bark, namely Linalool (23,8%) (Salleh et al., 2016). Meanwhile,
according to research by Sumiwi et al. (2015), the bark of
C. sintoc contains 36 chemical components with the main
component being eugenol (38,38%). International research
examining C. sintoc includes research on the antifungal
activity of extracts and active fractions of the plant, Essential
oils from this plant are much needed for the needs of the
pharmaceutical industry, cosmetics, soap, air fresheners
and the food industry. The international market demand for
essential oils, namely the consumption of essential oils and
their derivatives, has increased by around ten percent from
year to year (Akbar, 2020). The largest C. sintoc essential oil
producing countries are China, Vietnam and Taiwan, which
are characterized by the presence of large industries and
large-scale cultivation activities (Luo et al., 2005; Zhao et al.,
2010; Wang and Liu, 2010),

The main problems that arise in its current
development, especially in Indonesia, are: 1) there is
still very limited research support in the field of C. sintoc
ecology, especially with regard to habitat characteristics
and ecological preferences, as well as habitat factors that
contribute to the best or highest essential oil content both
in quantity and quality; 2) the cultivation of Cinnamomum
sintoc BL has not been carried out either on a small or
large scale which has caused Indonesia not to become
a producer of essential oils and products made from
C. sintoc while in the field of pharmaceutical and industrial
technology has developed rapidly, especially on essential
oils produced from the leaves of this tree, Syntoc BL even
though the pharmaceutical and industrial technology
has developed rapidly, especially about essential oils
produced from the leaves of this tree, including research
on genetic and molecular aspects (Chang and Chu, 2011;
Wang et al., 2009).
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The presence of C. sintoc as a pioneer tree species
in disturbed areas with limited environmental factors
suggests that this tree species has specific preferences for
habitat factors that contribute to essential oil content, As
aresult of secondary metabolism of a plant, essential oils
produced must be controlled by certain environmental
factors (Cesco et al.,2007). Barret (1981) explains, organisms
that live in an environment with high stress will adapt
and increase self-defense by carrying out secondary
metabolism, in another sense that the higher the level
of stress in the environment, the higher the biosynthetic
process that produces secondary metabolites.

Based on the above factors, integration is needed to
maximize the benefits of the C. sintoc plant, In this case,
an artificial neural network is needed to predict the
capacity of essential oil contained in this plant based on
environmental variables and the morphology of the C. sintoc
plant. The artificial neural network used in this research
uses ANFIS as an application to perform prediction analysis.

ANFIS is an inference system based on artificial neural
networks and fuzzy logic. This approach allows combining
artificial intelligence (neuro) and fuzzy logic to create a
prediction model that can adapt to the data. In predicting
the essential oil content of c,sintoc plants, ANFIS can be
used by inputting the main variables that affect the essential
oil content of C. sintoc plants such as tree diameter, tree
height, soil texture, altitude, temperature and humidity.

Based on the information above, it shows that the
volume of essential oil of C. sintoc has a different content
from one place to another, this requires research to
determine and predict the content of essential oil volume
in Mount Ciremai National Park (TNGC) and the factors
that influence it.

2. Research Methodology

This research was conducted in Mount Ciremai National
Park (TNGC), West Java, With the location determined
purposively or intentionally. With the consideration that
the Mount Ciremai national plant area has a variety of MDPL
heights ranging from 500-1200 meters above sea level and
there are 4 slopes used as sampling areas. The scope of this
research includes (i) water distillation (hydrodistillation)
to determine the essential oil content in C,sintoc leaves
and obtain essential oil by measuring the volume of each
sample, and (ii) prediction of the content of each sample
based on predetermined variables using ANFIS artificial
neural network, Below is a map of the distribution of C. sintoc
plants around Mount Ciremai National Park.

2.1. Plant material

Plant material of C. sintoc used for research in the form
of leaves taken based on plots determined from various
directions of the slopes of Mount Ciremai National Park,
Plant material was taken from 4 slope directions, namely
north, south, west and east.

Ecological data were obtained through purposive
placement of single 20 x 20 m plots in areas where C. sintoc
grows, In each plot, vegetation and physical observations were
made in the form of soil, climate (temperature, humidity
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and light intensity), slope and altitude (Kusmana, 1997), The
establishment of observation plots was carried out along
the observation pilot line with a nested design placement
(Figure 1), The placement of sample plots in this study always
pays attention to the physical aspects of the area such as
altitude and slope direction by cutting the contour direction,
Leaf samples of C. sintoc were taken from one mature
tree (diameter > 20 cm) in each plot by cutting 30 cm
long leaf branches from the top at various sides (4 slope
directions) and crown positions (top, middle, and bottom)
to obtain a weight of 2,5 kg. Samples were then put into
plastic bags and labeled with codes and clear descriptions,
including coordinates, habitat type, specific site name and
other attributes, The initial treatment of the samples was
air drying, then three representative leaves and stems
were taken from each sample to calculate the moisture
content based on the ratio of the initial weight and the
weight after being baked at 70° C for 2 hours. Air-drying
treatment is intended to evaporate some of the water in
the raw material so that the distillation process becomes
easier, shorter and more uniform (Rahayoe et al., 2007),
Figure 2 below shows the samples taken and air-dried.
Distillation of essential oils using a steam distillation
system as much as 200 g with a process time of 3 hours per
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sample for two repetitions, The steam distillation procedure
is carried out according to the applicable standards in the
Bandung Polytechnic Laboratory, namely flowing water
vapor produced by the steam generator into the simplisia
container, the water vapor then carries the essential oil into
the storage tube, Steam distillation is the best distillation
method because it can produce high quality essential oils
without mixing with water (Suryani, 2012). The essential
oil obtained is then measured by weight and calculated
the yield (in percent) by comparing the volume of distilled
oil with the weight of air-dried material, Figure 3 below
shows the distillation process carried out.

To get the results of the C. sintoc Leaf Essential Oil
Content Prediction Model, modeling is carried out
using the ANFIS method and designing several inputs
and outputs that will be used in this analysis. The next
step is to create the desired range of values and name
each data parameter as follows: tree diameter, tree
height, soil texture, temperature, humidity, and soil
elevation for input and output, respectively. A hybrid
learning algorithm for ANFIS was used in this study
(Figure 4). A variant of the algorithm used was two input
membership functions for each input. The dataset of the
available system includes 31 data patterns, In addition,
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Figure 1. Distribution Map of C. sinton in Mount Ciremai National Park.
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Figure 2. Research Sample Plot Research Sample Plot.
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Figure 4. Distillation process of C. sintoc leaf samples: (a) sample preparation, (b) process of putting the sample into the distillation
tube, (c) distillation process, (d) essential oil yield from the distillation of C,sintoc leaf samples.

the efficiency of the proposed method was demonstrated
using a four-fold cross-validation test. Each time, one of
the two subsets is used as the testing set and the other
two subsets are put together to form the training set.
The advantage of this method is that it is not important
how the data is divided, Each data point appears in the
testing set only once and appears in the training set
twice. As a result, verification of the efficiency of the
proposed method against the overlearning problem
can be proved. Model validation is the process of input/
output datasets that are not used for ANFIS training.
These datasets are presented to the trained model to
see how well the trained model works in the prediction
model scheme using the ANFIS method.

2.2. Adaptive Neuro-Fuzzy Inference System (ANFIS)

ANFIS was applied in this study because it is easy to
understand, adaptable, tolerates inappropriate data, is
able to model nonlinear data, and is able to build and
apply directly the expertise of experts (Mujiarto et al.,
2019). The ANFIS method offers the benefit of modeling
the qualitative side of human knowledge and the
mechanism of the decision-making process through
given commands (Faisal et al., 2012). Since artificial
neural networks are based on combined historical
data and can predict future events based on that data
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(Dahal et al., 2013), they have the advantage of being
able to recognize certain patterns, learn the unknown,
and provide solutions to problems without the need for
mathematical modeling (Ogunwolu et al., 2011). ANFIS
has the ability to learn through interpretation, which
results in a powerful modeling tool, and automatically
generates if-then rules with appropriate membership
functions.

Figure 5 shows that there are 5 layers where layer 1 is
input data consisting of tree diameter, tree height, soil
texture, altitude, temperature and humidity. The second
layer is the formation of the model by anfis, in layer 3 the
data testing process by the anfis application and in layer
4 is the prediction test based on the training data and
real data that has been entered into the application and
layer 5 is the output of the anfis prediction model results,
Figure 5 shows there are two types of nodes: adaptive nodes
with square icons and nodes with circle icons. The output
of each layer is denoted by 0j, where j is the number of
rules and i is the number of layers.

The ANFIS network consists of five layers as follows.

Layer 1 (fuzzy layer)
Each node in layer 1 is an adaptive node, which means

that the parameter values can change according to the
function of the node:

Brazilian Journal of Biology, 2024, vol. 84, e282113



01,1t = pAI(Zt 1)
01,2t = uA2(Zt -1) (1)
01,3t = uBI(Zt-2)
01,4t = uBI(Zt -2)

With (Zt-1) and (Zt-2) are the inputs at the i-th node,
Meanwhile, -1 and -2 are the membership functions of
each node, 1 serves to express the degree of membership
of each input to fuzzy sets A and B, where 1, 2, 1, 2 are
linguistic variables. The membership function used is the
generalized bell membership function. The generalized bell
membership function can be written as follows:

’(Xt"")z
Hy (xt) =e 20°
(2)
1
fx;ai’bl 1 2b‘
417G
a

Where AND is a set of parameters called premise parameters,
By taking the value = 1, only the AND parameter will change
during the learning process, Changes in the values of these
parameters will also change the generalized bell curve.

Layer 2 (product layer)

Each node in layer 2 is a non-adaptive node, which
means its parameter values are fixed. The function of this
node multiplies each incoming input signal as follows:

Oz’l«:wl«:yAi(x).,uBi(y);i:IJ (3)

Each output node expresses the activation degree of each
fuzzy rule, The number of rules formed follows the number
of nodes in this layer,

Layer 3 (normalization layer)

Each node in this layer is a non-adaptive node that
expresses the normalized degree function which is the
ratio of the output of the I-th node in the previous layer,
written as follows:

w; N
O, =w, — Withi=1,2 (4)
’ W+ w,
Actual Output
—_— Predicted
|
Inout ANFIS S Comane
p : Predictor H
—
: A Error
Adjust ANFIS
Parameters

Figure 5. ANFIS Data Input and Output Model Diagram.
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This function can be expanded if there are more than two
rules by dividing it by the total number w for all rules,

Layer 4 (defuzzification layer)
Each node in this layer is an adaptive node with the
following node functions:

O4,1r =w,z" = Wl*t (ale +BZ, ,+ 71),

17t

@) e (5)
04,2; =w,Z” =w, (aZZt—l +B,Z, 5+ 72)

where, a_i, B_i, y_i are the set of parameters of the node
and are called consequent parameters.

Layer 5 (total output layer)

Layer 5 is the last layer that functions to sum all inputs
with the following node functions:

~ * (1 * 2
Os5, =2, :Wltzt( )+W2tZt( ) (6)
3. Results and Discussion

3.1. Distillation result of C. sintoc leaf

Extraction of C. sintoc essential oil was carried out
using the water vapor distillation method for 8 hours. Each
extraction result was collected based on their respective
sampling variables based on the direction of the sampling
slope resulting in varying volumes, (Table 1). The average
volume of leaf essential oil was largest on the western
slope (1,45 ml), followed by the northern slope (1,37 ml),
east (1,09 ml), and southern slope (0,88 ml), while the
volume of bark essential oil was largest on the western
slope (1,82 ml), followed by the northern slope (1,73 ml),
east (1,24 ml), and southern slope (1,22 ml). The volume
of essential oil of the leaves of C. sintoc can be seen from
the distillation results in Table 1 below.

Based on Table 1, the average volume of essential
oil in the leaves of C. sintoc on the western slope has a
higher volume on the stem bark compared to the leaves
(0,88 - 1,45 ml and 1,22 - 1,82 ml). This condition can be
influenced by differences in the plant parts used, This is
the same as the research of Budiarti et al. (2018) that the
volume of Cinnamomum burmanii essential oil produced
from the leaves and skin has a difference where the leaves
are higher than the skin, Another study (Lova et al., 2018)
on clove plants (Syzygium aromaticum L,) showed the
volume of essential oil in flower parts (3,1 ml), flower
stalks (2,7 ml) and leaves (2,5 ml) where the flower part
was higher than the other parts.

Furthermore, based on the results of essential oil levels
that have been obtained by testing in the laboratory, to
obtain predictive data on essential oil levels in C. sintoc
leaves, analysis is carried out using ANFIS with two
stages, namely step forward and step back, The forward
step will produce parameter values that improve the
consequent parameters in layer four using the Least Square
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Table 1. The volume of essential oil of the leaves of C. sintoc can be seen from the distillation.

Essential oil Essential oil

Dif'le(;lt)ieon Altitude pH Temperature Hl?rf:iacltiit‘: o volume, mL yield (%)
Leaves Leaves

West 600 7,09 28 77 1,25 0,05
700 5,68 28,5 71 0,73 0,04

800 6,73 275 67 1,63 0,06

900 5,99 24,5 82,5 1,70 0,07

1000 6,20 26 77 1,96 0,08

South 500 6,65 26 75 0,87 0,03
800 6,47 28,5 66 0,87 0,03

900 6,47 26 71 1,08 0,04

1000 4,73 24 75 0,67 0,04

1200 6,34 25 73 0,90 0,04

East 500 6,06 28 82 1,37 0,04
600 5,88 25 90 0,89 0,04

700 5,58 26 76 0,79 0,04

800 5,87 28 72 1,20 0,04

900 6,21 25 66 1,55 0,06

1000 5,45 27 68 1,27 0,05

1100 522 25 85 0,59 0,03

North 500 6,54 275 73 1,08 0,05
600 6,82 27 73 1,29 0,05

700 5,79 28 67,5 133 0,06

800 6,46 27 71 1,18 0,05

900 6,18 26 75 2,01 0,07

1000 6,26 26 70 133 0,05

Total average 1,20 0,05

Estimator (LSE). While the backward step will propagate
the forward value back through Backpropagation using
Gradient Descent to improve the premise parameters
in layer one, Programming using the ANFIS method is
trained by testing the accuracy of this method, between
data from the database (average essential oil content) and
the output which is the prediction result, The results are
quite accurate, indicated by the signs (o and *) being close
together and it can be seen that the training plot (blue)
follows the pattern of the test data (red) (Figure 6), The
small learning rate leads to a larger number of epochs to
achieve the same RMSE.

Then the essential oil prediction model with the ANFIS
method is built with matrix data, with 26 training data
that have been selected, which can represent 31 databases.
This matrix consists of inputs and outputs, where there are
6 variables that affect each other for 1 output (Figure 7).
Then this method, Design a membership function for each
input variable From the data image above is the input data
for ANFIS. Then in obtaining a prediction of the output of
the predicted volume of essential oil, it takes 729 rules
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The first layer The fourth layer

The third layer
Xy

The second layer
l l The fifth layer

Figure 6. ANFIS Structure Algorithm.

formed from the design of input data to a predetermined
output, Input data consisting of Diameter = 3 MF
(Memberfunction), Height = 3 MF (Memberfunction). Soil
texture = 3 MF (Memberfunction), MDPL Height = 3 MF
(Memberfunction). Temperature = 3 MF (Memberfunction)
Humidity = 3 MF (Memberfunction) is what affects the
prediction of essential oil output on C. sintoc trees, Below

Brazilian Journal of Biology, 2024, vol. 84, e282113



o 4 88 8@

Prediction of essential oil content in C. sintoc Leaves

Tearicng Dutin (s0sh

(b)

Unttied

1(v)
3ugend)

501 18 ndnfd) and (T ¥,

(b)

Figure 8. Rule development (a) 729 rules (b) Member Function Input.

is Figure 8 which contains the draft member function and
the rules formed from the draft member function input.

Next is the prediction process based on the best data
model from the analysis process carried out by ANFIS,
namely by using MF as much as 6. In this study, predictions
were made on 26 training data compared to the actual
available data obtained with the ANFIS structure model
(Figure 9). The model mapping shows the influence of inputs
on production prediction as output. The most influential
input variables in order are: tree diameter, tree height,
soil texture, land elevation, temperature, and humidity.

Next is the prediction process based on the best data
model from the analysis process carried out by ANFIS,
namely by using MF as much as 6, In this study, predictions
were made on 26 training data compared to the actual data
available. From the prediction results, an accuracy value
of 90,99% was obtained. Comparison of actual data with
predicted data can be seen in Figure 10. From the prediction
comparison graph between actual data and ANFIS trial
results, it can be seen that in general the determination
results with ANFIS are close to the actual value. Basically,
forecasting with data with ANFIS will run well if the data
used has a regular pattern, In this study, the data used has
a pattern that statistically has a high enough deviation so
that ANFIS actually gives an error at a certain point even
though it is not too large.

The surface interface for the optimal input and output
shown in Figure 11 shows the relationship between
diameter, tree height, soil texture, soil height. For Surface
Interface (comparative display of the effect of the two

Brazilian Journal of Biology, 2024, vol. 84, 282113
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Figure 10. Comparison of Actual and Predicted Values of ANFIS.
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Figure 11, Effect of input variables on output: (a) Effect of diameter variability, altitude on essential oil volume, (b) Effect of field condition
variability, altitude on essential oil volume, (c) Effect of temperature and humidity of tree growth conditions on essential oil volume.

inputs on the output). For example, in Figure 11 it can be
seen that the influence of tree diameter and tree height,
the best range limit to get good essential oil production
results, in this case it can be seen when the tree diameter
is 42 cm and the tree height is about 15 m, when viewed
from the influence of land variables where trees grow to
produce high productivity, namely on land in the form
of slopes and at an altitude of 650-700 meters above
sea level. Meanwhile, when viewed from the physical
variables of the tree, the factors that affect productivity
are tree diameter and height. The highest productivity is
obtained when the tree has a diameter of 42 cm with a
height of 15 m, In this study, the highest tree productivity
was obtained when C. sintoc grew at an altitude of 650-
700 masl, tree diameter of 42 cm, height of 12 m, growing
on sandy textured land conditions and at a humidity of
75 and at a growing temperature of 260C.

From the results of the ANFIS analysis that has been
carried out, it is found that the level of influence of each
variable is very close, meaning that tree diameter, tree
height, land height, soil texture, temperature, and humidity
on essential oil production are very closely related, This is
in line with the results of the community assessment that
assesses tree diameter, tree height, land height, land shape
to the volume of essential oil is very closely related to the
amount of essential oil volume. Based on the phenomenon
in the field, people in the research area have been able
to optimally integrate these beliefs to see trees that are
prospective to be used as essential oil producers. Thus,
each community can easily determine candidate trees
that are considered good enough to produce essential oil,
Especially in determining the production design of the
total volume of essential oil to be obtained can be done
in advance so that it can facilitate the C. sintoc farming
community.

4. Conclusion

Based on the distillation results, there are differences
in the volume of essential oil contained in C. sintoc plants
according to the ecological and morphological conditions
of C. sintoc plants. ANFIS prediction results show good
accuracy (90,99%), indicating that the variables of tree
diameter, tree height, soil texture, altitude, temperature
and humidity are the main determinants in determining
the essential oil content in C. sintoc plants growing in the
Mount Ciremai National Park area.

8/9

References

AKBAR, A., 2020. The role of the government in maximizing
patchouli oil. Al-Ijtima’l, vol. 5, no. 2, pp. 193-202.

BARRET, G.W., 1981. Stress ecology: an integrative approach In:
G.W. BARRET, R. ROSENBERG, eds. Effects of stress on natural
ecosystems. New York: John Wiley & Sons.

BUDIARTI, M., WAHYU, J. and AN, L, 2018. Characterization of
essential oil from wet simplisia of twigs and leaves as an
alternative substitution for Cinnamomum burmannii Blume
Bark. Indonesian Journal of Pharmacy, vol. 8, no. 2, pp. 125-136.

CESCO, S., MIMMO, T.,, TONON, G., TOMASI, N., PINTON, R., TERZANO,
R., NEUMANN, G., WEISSKOPF, L., RENELLA, G., LANDI, L. and
NANNIPIERI, P., 2007. Plant-borne flavonoids released into the
rhizosphere: their impact on soil biological activities related to
plant nutrition. A review. Biology and Fertility of Soils, vol. 48,
no. 2, pp. 123-149. http://doi.org/10.1007/s00374-011-0653-2.

CHANG, Y.T. and CHU, E.H., 2011. Molecular cloning and
characterization of monoterpene synthase from Litsea cubeba
(Lour.) Persoon. Tree Genetics & Genomes, vol. 7, no. 4, pp. 835-
844. http://doi.org/10.1007/s11295-011-0377-3.

DAHAL, K., ALMEJALLI, K. and DAN HOSSAIN, M.A., 2013. Decison
support for coordinated road traffic control actions. Decision
Support Systems, vol. 54, no. 2, pp. 962-975. http://doi.
org/10.1016/j.dss.2012.10.022.

FAISAL, T., TAIB, M.N. and IBRAHIM, F,, 2012. Adaptive neuro fuzzy
infrerence system for diagnosis risk in dengue patients. Expert
Systems with Applications, vol. 39, no. 4, pp. 4483-4495. https://
doi.org/10.1016/j.eswa.2011.09.140.

ISMAIL, A.Y., KUSMANA, C., SUDIANA, E. and WIDODO, P,, 2019.
Short Communication: Population and stand structure of
Cinnamomum sintoc in Lowland Forest of Mount Ciremai National
Park, West Java, Indonesia. Biodiversitas (Surakarta), vol. 20,
no. 4, pp. 1042-1047. http://doi.org/10.13057/biodiv/d200415.

KUSMANA, C., 1997. Vegetation survey methods. Bogor: Bogor
Agricultural University (IPB) Press.

LOVA, L.PS.T., WIJAYA, W.A., PARAMITA, N.LP.V. and PUTRA, A.ARY.,
2018. Comparison of antibacterial activity test of essential oil of
leaves, flower stalks and flowers of balinese cloves (Syzygium
aromaticum L.) against propionibacterium acne bacteria by disk
diffusion method. Journal of Chemistry, vol. 12, no. 1, pp. 30-35.
https://doi.org/10.24843/Jchem.2018.V12.101.P06.

LUO, M,, JIANG, L.K. and ZOU, G.L., 2005. Acute and genetic toxicity
of essential oil extracted from Litsea cubeba (Lour.) Pers.
Journal of Food Protection, vol. 68, no. 3, pp. 581-588. http://
doi.org/10.4315/0362-028X-68.3.581. PMid:15771186.

MUJIARTO, D., KOMARO, M., MOHAMED, M.A., RAHAYU, D.S.,
SANJAYA, W.S.M., MAMAT, M. and SAMBAS, A., 2019. Colored
object detection using 5 dof robot arm based adaptive neuro-

Brazilian Journal of Biology, 2024, vol. 84, e282113


https://doi.org/10.1007/s00374-011-0653-2
https://doi.org/10.1007/s11295-011-0377-3
https://doi.org/10.1016/j.dss.2012.10.022
https://doi.org/10.1016/j.dss.2012.10.022
https://doi.org/10.1016/j.eswa.2011.09.140
https://doi.org/10.1016/j.eswa.2011.09.140
https://doi.org/10.13057/biodiv/d200415
https://doi.org/10.24843/Jchem.2018.V12.I01.P06
https://doi.org/10.4315/0362-028X-68.3.581
https://doi.org/10.4315/0362-028X-68.3.581
https://pubmed.ncbi.nlm.nih.gov/15771186

fuzzy method. Indonesian Journal of Electrical Engineering
and Computer Science, vol. 13, no. 1, pp. 293-299. http://doi.
org/10.11591/ijeecs.v13.i1.pp293-299.

OGUNWOLYU, L., ADEDOKUN, 0., ORIMOLOYE, O. and DAN OKE,
S.A., 2011. A neuro-fuzzy approach to vehicular traffic flow
prediction for a metropolis in a developing country. Spring,
vol. 7, pp. 52-66.

RAHAYOE, S., SUHARGO, TETUKO, Y. and MEGA, T., 2007. Kinetics
study of the effect of moisture content and shredding on
the distillation rate of essential oil. In: Proceedings of the
National Seminar on Agricultural Engineering, 2007, Yogyakarta.
Yogyakarta; 2007.

SALLEH, W.M.N.H., FAREDIAH, A., KHONG, H.Y. and RAZAUDEN,
M., 2016. Essential oil composition of Malaysian Lauraceae: a
mini review. Pharmaceutical Sciences, vol. 22, no. 1, pp. 60-67.
http://doi.org/10.15171/PS.2016.11.

SUMIWI, S.A., OKTAVIA, S.S., ANAS, S., MARLINE, A. and JUTTI, L.,
2015. Study to predict the anti-inflammatory activity of eugenol,
myristicin, and Limonene from Cinnamon (Cinnamomum sintoc).

Brazilian Journal of Biology, 2024, vol. 84, 282113

Prediction of essential oil content in C. sintoc Leaves

International Journal of Pharmacy and Pharmaceutical Sciences,
vol. 7, no. 12, pp. 51-54.

SURYANI, L., 2012. Optimization of phenol extraction method
from empirit ginger rhizome (Zingiber Officinalle Var. Rubrum).
Journal of Agrisains, vol. 3, no. 4, pp. 63-70.

WANG, H. and LIU, Y., 2010. Chemical composition and antibacterial
activity of essential oils from different parts of Litsea cubeba.
Chemistry & Biodiversity, vol. 7, no. 1, pp. 229-235. http://doi.
0rg/10.1002/cbdv.200800349. PMid:20087994.

WANG, Y., JIANG, J.T. and LI, R., 2009. Complexation and molecular
microcapsules of Litsea cubeba essential oil with B-cyclodextrin
and its derivatives. European Food Research and Technology, vol.
228, no. 6, pp. 865-873. http://doi.org/10.1007/s00217-008-0999-3.

WUU-KUANG, S., 2011. Taxonomic revision of Cinnamomum
(Lauraceae) in Borneo. Blumea, vol. 56, no. 3, pp. 241-264.
http://doi.org/10.3767/000651911X615168.

ZHAO, 0., ZHOU, J.W. and BAN, D.M., 2010. Analysis of essential
oils from different parts of Litsea cubeba. Zhong Yao Cai, vol.
33, no. 9, pp. 1417-1419. PMid:21243772.

9/9


https://doi.org/10.11591/ijeecs.v13.i1.pp293-299
https://doi.org/10.11591/ijeecs.v13.i1.pp293-299
https://doi.org/10.15171/PS.2016.11
https://doi.org/10.1002/cbdv.200800349
https://doi.org/10.1002/cbdv.200800349
https://pubmed.ncbi.nlm.nih.gov/20087994
https://doi.org/10.1007/s00217-008-0999-3
https://doi.org/10.3767/000651911X615168
https://pubmed.ncbi.nlm.nih.gov/21243772

