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Abstract—~People use medicinal plants for as early prevention and treating disease. Medicinal plants must
be careful not to cause side effects, so knowledge is needed. Medicinal plant knowledge is stored using an
ontology data model. In some ontology studies, there are still shortcomings in managing information,
namely the absence of a relationship between scientific terms related to medicinal plants and phrases
already known to the public. Hence, it is necessary to have this relationship. In other studies, there is no
information related to disease protein, so this research also develops ontologies to enrich knowledge about
medicinal plants and their efficacy. Based on the results, the developed ontology test can build a relationship
between scientific terms of therapeutic pants and phrases that are known to the public. The public also
knows which proteins affect a disease, so public knowledge about medicinal plants is getting wider.
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I. INTRODUCTION

National Food and Drug Agency (BPOM) 2020 [1] states that Indonesia has 30.000 plant
species, and around 9600 are known to have medicinal properties. Plants are known to have
efficacy, as herbal medicines have not been used optimally because of the lack of medicinal plant
knowledge. Medicinal plant knowledge tends to be degraded so that, if it is not well documented,
it can be lost and eroded as natural medicine [2]. Knowledge of medicinal is not only limited to
their benefits. It must be viewed from a pharmacology perspective, such as side effects,
contraindications, and the content of therapeutic plant compounds. Information about compound
content is needed to determine the biological activity of medicinal plants because one medicinal
plant can have more than one pharmacological effect [3]. Information on side effects and
contraindications of medicinal plants is needed to be more careful in the use of medicinal plants.

Medicinal plant data is the form of knowledge descriptions, so it requires data modeling that
can store hierarchical knowledge descriptions and perform knowledge inference. The inference
is making conclusions to generate new knowledge [4]. The data modeling method used is
ontology. “An Ontology is an explicit specification of a conceptualization,” The ontology
explains the concept of knowledge of domain such as classes, relations, and objects that humans
can understand well to improve semantic interoperability [5]. Ontology can perform knowledge
inference, which is suitable for managing medicinal plant data [6]. Conceptual ontology explains
the meaning of a domain, and ontology is more concentrated on how semantic concepts are
interrelated [7]. Ontology is a link between users and computers so that users get knowledge of a
domain such as medicinal plants. Designing an ontology model such as a medicinal plant ontology
allows users to obtain information about medicinal plants, such as side effects and the correlation
between medicinal plants and diseases [8].

Previous research has designed an ontology based on medicinal plant ethno medicine and
produced a prototype ontology of medicinal plants [9]. This research expects the addition of new
domains in medicinal plant knowledge. Building an ontology from scratch is unnecessary in
developing an understanding of medicinal plants. However, it can use existing ontologies to
produce complete and accurate information about the domain of knowledge [10]. Fazriani’s
research used the ontology data modeling method to build an understanding of mobile-based
medicinal plants [11]. The drawback of this study is there is no relationship between the activity
of the compound and the term efficacy known to the public. This relationship is needed so that
people can more easily understand scientific terms. Several studies used ontology data models for

the development of medicinal plants other than Indonesia medicinal plants, including Thai herbal

INTENSIF: Jurnal IImiah Penelitian dan Penerapan Teknologi Sistem Informasi 219



INTENSIF, Vol.6 No.2 August 2022
ISSN: 2580-409X (Print) / 2549-6824 (Online)
DOI: https://doi.org/10.29407/intensif.v6i2.17987

medicine [12], Persian herbal medication [13], Indian medicinal plants with standardized medical
terms [14], and individual ontology of Thai ginger based on taxonomy [15].

This study aims to design an ontology model of medicinal plants by building a link between
the activity of compounds and the efficacy of medicinal plants, as well as being able to perform
knowledge inference, which has not been done in previous studies, namely the research of
Wardani [9] and Fazriani [11]. This research also adds a new domain, namely the disease protein
domain, to expand medicinal plant knowledge. This research will produce a medicinal plant
ontology data model that is more flexible in adding relationships and entities. The ontology data
model uses the Web Ontology Language (OWL) format. Testing ontology model of medicinal
plants uses the Simple Protocol and RDF Query Language (SPARQL). SPARQL is a standard
query language for extracting information. SPARQL is structurally similar to SQL queries, but
the perfomance of SPARQL is more semantic compared to SQL, because SPARQL can extracting
information from data that has an OWL format [16]. OWL has a triple data structure, namely
subject, predicate, and object, so that SPARQL can produce information in the form of class
hierarchies from the ontology of medicinal plants [17]. In future research, the ontology data model
with OWL format is expected to assist the development of the web-based semantic system or

Knowledge Management System (KMS).

Il. RESEARCH METHOD

This research has several stages: the first step is data collection, the second step is data
analysis, the third step is ontology design, the fourth step is ontology implementation, and the
final step is ontology testing seen in Figure 1. This research uses qualitative techniques for data
analysis because collected medicinal plant data describe knowledge [18] and uses ontology model

data to describe the medicinal plant domain and hierarchical structure clearly [19].
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Figure 1. RESEARCH FLOW
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The following is an explanation of the research flow in Figure 1:
1. Data Collection
Data collection is the first stage in designing the medicinal plant ontology data model. Data
collection to collect all information about medicinal plants and their efficacy. Data collection is
sourced from literature and website about medicinal plants. Data collection is done manually by
downloading data on medicinal plants from several websites. The data needed is related to
medicinal plants and diseases, such as plant taxonomy, side effects, use of plants, the content of
plant compounds, and proteins that affect specific diseases. The data source can be seen in Table
1.
Table 1. RESEARCH DATA

Data Source

Medicinal Plant Data 1. Literature of 100 Top Tanaman Obat Indonesia
(National Institute of Health Research and Development
2011)
2. Literature of Tanaman Obat (Indonesian Agency for
Agricultural Research and Development 2019)

Plant Efficacy Data Literature of Ramuan Obat Tradisional Indonesia (Republic
of Indonesia Ministry of Health 2016 and 2017)

Plant Taxonomy Data http://plantamor.com/

Medicinal Plant Name Data http://sioba.pom.go.id/

Plant Usage Data Literature of Daftar Tanaman Obat Herbal Indonesia
(Spiritual Youth Sapta Darma Sragen 2014)

Plan Compound Data https://phytochem.nal.usda.gov/phytochem/search
http://www.knapsackfamily.com/KNApSAcK_Family/

Disease Protein Data https://www.genecards.org/

2. Data Analysis

Data analysis used qualitative techniques because medicinal plant data described knowledge
[18]. There are several processes at the data analysis stage: first, reviewing all data on medicinal
plants that have been collected. Second, perform data reduction to retrieve core data related to
medicinal plants. The Third is the presentation of data in tabular form to produce information
related to medicinal plants. Fourth, draw conclusions and information from the tables presented
to support knowledge in ontology design.
3. Ontology Design

In this research, the ontology design adopted the research that Mitsis [20] had done in
designing ontology for nutrition and food. A simple ontology design on the ontology of medicinal

plants and their efficacy can be seen in Figure 2.
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Figure 2. ONTOLOGY DESIGN

The ontology design has several stages: determining the ontology domain, defining classes
and sub-classes, defining properties, and building individuals. Determination of the ontology
domain provides boundaries or scope in developing medicinal plant ontologies. The formation of
the ontology scope is based on data grouped based on any information related to medicinal plants.
The public domain of the ontology forms a general class, and then a subclass of the public course
is created—the top-down method is used in developing lessons and sub-classes. The top-down
approach builds an available class and makes a more specific type to complete information about
medicinal plants. The next step is to define the properties. A property describes the relationship
between classes or classes with the value of an object, thus forming a conceptual model of
medicinal plants. Ontology is more concentrated on how semantic concepts or data concepts are
interrelated, so the stage of defining properties is the most critical stage of ontology design [7].
The last step of ontology design is to build the individual. Individuals are made according to their
respective classes.

4. Ontology Implementation

The ontology implementation stage, using the protégé 5.5 tools. Protégé tools to implement
the ontology design into the software so that the results of the ontology model can be visualized
[21].

The ontology implementation has several processes: building classes and subclasses, then
building properties between classes. The property in protégé consists of object properties that
connect or map between one type and another and data properties that connect each class with a
value [12]. The last process of implementing the ontology is to build individuals according to
their respective categories.

5. Ontology Testing

Ontology testing is the final stage of designing medicinal plant knowledge. Ontology testing

utilizes the Simple Protocol and RDF Query Language ( SPARQL) to query and retrieve

knowledge information from the ontology model. Furthermore, in the testing stage, ontology
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model inference is also carried out to validate whether the ontology model follows the research
objective, namely to generate new knowledge of the medicinal plant domain.

I11. RESULT AND DISCUSSION

A. Data Analysis

Data analysis used qualitative techniques. Data analysis is based on data collected about
medicinal plants. The results of the data analysis showed that therapeutic plant data consisted of
110 medicinal plants, medicinal plant name data consisted of 384 plants, disease protein data
consisted of 477 proteins, compound content data consisted of 456 compounds, compound
activity data consisted of 280 activities, plant efficacy data consisted of 223 properties. Data on
plant parts consists of 12 pieces, data on plant families consists of 53 families, data on plant genus
consists of 46 genera, and data on kingdoms, divisions, classes, and orders of plants consists of
33 data. Data on how to use plants consisted of 79 benefits, and data on side effects and
contraindications of plants consisted of 200 data. Data on processing and utilization of plants
consists of 238 data. The data from the analysis were grouped to obtain the general domain of
medicinal plants.
B. Ontology Design
The ontology design consists of several stages :
a. Define the ontology domain

The ontology domain is needed to determine the limits or space of medicinal plant knowledge.
The ontology domain scope is determined based on the results of data analysis. The results of the
data analysis obtained that the public part of drug data became the public domain, namely
medicinal plant classes, data on medicinal plant names became the public domain, namely
therapeutic plant name classes, compound content and activity data became the public domain,
namely plant content classes. Data on plant parts become a public domain, namely plant parts
classes, kingdom, divisions, classes, orders, families, and genera data into the public domain,
namely plant taxonomy classes, data on how to use and process into a general environment,
namely grow use classes. Benefit and disease data became the public domain, namely the plant
effect class, and protein data became the public domain, namely the disease protein class. Side
and contraindications data became the public domain, namely the plant effect class, so the plant
knowledge domain consisted of 9 fields from the public domain.
b. Define classes and sub-classes

The public domain that makes up the general class is built on subclasses to form a more
specific type. The style of medicinal plant names comprises several sub-classes, namely Latin,

regional, and foreign. Plant taxonomic class contains several sub-classes: kingdom, division, class,
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order, family, and genus. The plant efficacy class consists of two sub-classes: disease and plant
benefits. The plant content class consists of two sub-classes: the method of processing and the
process of utilization. The course of plant effects consists of two sub-classes: side effects and
contraindications.
c. Define properties

Mapping and integrating classes and subclasses will produce a relationship between other

courses. Class mapping in the medicinal plant domain can be seen in Figure 3.
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Figure 3. MAPPING DOMAIN OF MEDICINAL PLANT
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Each class has properties with the medicinal plant class; then, the sub-class relates to the
therapeutic plant class domain. In Figure 3, the plant efficacy class has sub-classes, namely
disease and plant benefits. The sub-class of ilness is medicine for ilness, and the sub-class of plant
benefits is an additional non-medicinal plant efficacy—examples of the effectiveness of plants
for medicinal disease such as medicinal plants treating fever. The efficacy of non-medicinal plants
for conditions such as medicinal plants can darken eyebrows and increase milk production. The
class of plant use also has a sub-class of processing methods and ways of utilization, so the sub-
class will also have properties with the medicinal plant class. Subclass mapping can be seen in

Figure 4.
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Mapping between classes will form a rule that produces a conceptual model of medicinal
plants. The conceptual model of medicinal plants creates a hierarchy between types to have new
information in the form of medicinal plant knowledge. The conceptual model of medicinal plants
can be seen in Figure 5.
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Figure 5. MEDICINAL PLANT CONCEPTUAL ODEL

d. Build individuals
The final stage in ontology design is building individuals. Individuals constructed according

to their respective classes have individual ginger, fennel, cumin leaves, etc.
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C. Ontology Implementation
The ontology implementation uses protégé 5.5 tools to visualize the ontology model. The first

stage of ontology implementation is to define the ontology domain of medicinal plants into classes

whose representation using graphs can be seen in Figure 6.
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The next stage of ontology implementation in protégé is defining properties. Properties in the
protégé tool are divided into two, namely, object properties and data properties. Besides that, the
protégé will build ontology property inverse. Property implementation on protegé can be seen in
Figure 7.
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The final stage of ontology implementation is individual development. According to each class,

personal development can be seen in Figure 8, an example of the particular action in the medicinal
plant class.

For: tanaman_obat

& adas

& Akar_manis

& Akar_wangi

& Alang_alang

& Apel

& Asam_jawa

& Bangle

& Bawang_merah
& Bawang_putih
& Bayam_duri

& Belimbing_manis
& Belimbing_wuluh
& Beluntas

& Biduri
Figure 8. SCREENSHOT QOF BUILD |NDIVIDUALS |N PROTEGE

D. Ontology Testing

Ontology testing uses the Simple Protocol and RDF Query Language (SPARQL). SPARQL
functions to generate queries from the conceptual model ontology that has been designed.
SPARQL query generation based on the built property. SPARQL query consists of triples (subject,
predicate, object); for example, to make a SPARQL query asking “what is the effect of medicinal
plants,” then SPARQL is formed:?MedicinalPlant medicinal:HasEffect ?PlantEffects.

?MedicinalPlant as subject, medicinal: HasEffect as property and?PlantEffect as object. This
test will refer to the “what” question. For example, SPARQL asks about “what parts of medicinal
plants are used to treat diseases, what are the additional benefits of medicinal plants, what is the
content of medicinal plants, what is the Latin name of medicinal plants, what effects are produced
from medicinal plants, what disease proteins that affect disease can cause treated with medicinal
plants, as well as what are the names of the terms of medicinal plants known to the general public.”

The SPARQL query and results can be seen in Figure 9.
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SPARQL query-

PREFIX rdf. <http:ifwww.w3.0rg/1998/02/22-Tdf-syntax-ns#=
PREFIX owl: <hitp:/faww w3 0rg/2002/07/owl#>

PREFIX rdfs: <hitp:iwww.w3.0rg/i2000/01/rd-schemas#=
PREFIX xsd: <hitp:/ww w3 0rg/2001/XMLSchema#=
PREFIX obat: <http:/iipbl/ontologi_obatt#=

SELECT ?tanaman_obat ®nama_latin ?bagian_tanaman ?penyakit 2protein_penyakit ?manfaat_tanaman ?kandungan_senyawa ?aktivitas ?deskripsi_aktivitas ?efek_samping ?kontraindikasi
WHERE {

?tanaman_obat obat memiliki_efek_tanaman ?efek_samping;
abatmemiliki_kontraindikasi ?kontraindikasi
?nama_latin obatnama_latin_dari *tanaman_obat
?bagian_tanaman ebatbagian_yang_digunakan_dari ?tanaman_obat.
Pmanfaat_tanaman obatmanfaat_dari #tanaman_obat
?penyakit abat diobati_dengan ?tanaman_obat
Pprotein_penyakit abatprotein_dan ?penyakit
?kandungan_senyawa obatkandungan_senyawa_dari ?tanaman_obat;
obatkandungan_senyawa_pada ?bagian_tanaman
?aklivitas obataktivitas_senyawa_dari ?kandungan_senyawa;
owl:samens ?deskripsi_akiivitas

H

tanaman_obat  nama_laan bagan fanaman penyekt  mactadt teeaman prukin_ penjait  Kancungen_senyana  aitas cesipsi_snitas el samging tonmainghasi
Daun inten  Plectrarthus amboinicus Spreng  Daun Batk  Mengatasi sarawan ADRE2 18Cinecle At rflammatory  mengatas radang <hitp fwy "Alera higotens:, gangquan A
Daun inten Dan Balk  Mengatasi sarawan ADRB2 18Cineole Anesthetic obat bius W <hitp fwy "Alergy hipotens:, gangguan
Daun jinten Daun Bauk  Mengatasi sanawan ADRB2 18-Cineole Choleretic merangsang keluamva empedy <ty "Aleral hipotensi, ganaguan
Daun jinten Daun Batk  Mengatasi sanawan ADRB2 18-Cineole Adti bronchitic mengatasi bronkitis - "<hitp:iwy "Aleral troid, hipotensi, gangquan
Daun jnten  Plectranthus amboinicus Spreng  Daun Batk  Mengatasi sarawan ADRB2 18-Cineole Adti sinusic mengatasi sinushs hitp fwy "Aergi. hipotensi, gangguan

Plectranthus amboinicus Spreng  Daun Batk  Mengatasi sanawan ADRB2 18Cineole Adti theumatic  mengatasi rematik “Meningiatkan resio perdarahan™ <hito:wy "Alergi qanqguan troid. hipotensi, ganaguan
Daun inten  Plectrarthus amboinicus Spreng  Daun Balk  Mengatasi sarawan ADRE2 18Cineole Antiseptc membunch kuman rid<hitp fwy "Aerql hipotens:, gangquan
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Exseute

Figure 9. SCREENSHOT SPARQL TESTING MEDICINAL PLANT ONTOLOGY
Query testing is based on the conceptual model of medicinal plants, namely the Latin name of
medicinal plants, parts used, treatment of diseases and additional benefits, disease protein,
compound content, activity, and description of the action of compounds needed by the community
as well as side effects and contraindications of medicinal plants. SPARQL query testing generates
knowledge about medicinal plants. Figure 10 shows a knowledge graph from the SPARQL query
on medicinal plant knowledge.

Syzgium

aromaticum L
Merr

UsedPartOf Flower .
Anti inflammatory

ContentOf ActivityDescription

Resolve

Compound Inflammation

ContentOf

T Asthma roteinQ

Blacken the

BenefitFrom-
eyebrows

Can irritate the mucosa and
dermatitis

HasSideE!

h 4

mpaired liver function and current!
taking paracetamol

h 4

HasC

Figure 10. CLOVE MEDICINAL PLANT KNOWLEDGE
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Figure 10 shows the results of the SPARQL query, for example, taking knowledge of the clove
medicinal plant. The graph shows that the clove plant has the Latin name Syzgium Aromaticum;
the part used by the clove is the flower. The clove can treat asthma and has other benefits. Namely,
it can blacken the eyebrows. Cloves have side effects that can irritate the mucosa and have
contraindications that are not allowed in patients with a history of impaired liver function and
patients who take paracetamol. Clove plants contain Eugenol compounds, found in flowers with
Anti-Inflammatory compound activity, which people know as overcoming inflammation. From
the results of the SPARQL query, the ontology model built is by the research objective: to build
a relationship between compound activity and the term efficacy known to the public so that people
understand the term medicinal plant efficacy.

In protégé, there are reasoner tools. The reasoner function is to validate the medicinal plant
ontology model and check whether or not there are errors in making the ontology model. In this
research, the reasoner tool used is Pellet. The Pellet tools will validate the ontology model and
perform the inference process. The inference is used to generate new knowledge of the medicinal
plant domain. An example of the validation of this ontology model is checking on individual
cumin leaves. The knowledge inference process and results can be seen in Figure 11 and Figure
12.

Property assertions: Daun_jinten

Cbject property asserions

Data property assertions
B memiliki_kontraindikasi "Alergi, gangguan tiroid, hipotensi, gangguan jantung, gangguan hemostatik"**xsd:string
BE memiliki_nama_daerah "Ajeran(Sunda), Majenereng{Madura), lIwak(Bali}, Golong (Flores), Kuwuete(Timor)"**xsd:string
B memiliki_efek_tanaman "Meningkatkan resiko perdarahan”**xsd:string

Negative abject property assertions

MNegative data property assertions

Figure 11. SCREENSHOT QF INDIVIDUAL BEFORE |[NFERENCE PROCESS |N PROTEGE
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Property assertions: Daun_jinten

Object property assertions
M bagian_yang_digunakan Daun
B divisinya Magnoliophyta
M kelasnya Magnoliopsida
M kingdomnya Plantae
B memiliki_kandungan_senyawa Methyl-Eugenol
B memiliki_kandungan_senyawa 1.8-Cineole
M memiliki_kandungan_senyawa Alpha-Pinene
B memiliki_kandungan_senyawa Beta-Finene
B memiliki_kandungan_senyawa Eugenol
B memiliki_manfaat Mengatasi_sariawan
M memiliki_nama_asing Mu_Jing_Chi
B memiliki_nama_latin Plectranthus_amboinicus_Spreng
B memiliki_nama_latin Coleus_amboinicus_Lour
B mengobati_penyakit Difteri
M mengobati_penyakit Asma
B mengobati_penyakit Rematik
B mengobati_penyakit Tetanus
B mengobati_penyakit Batuk
W mengobati_penyakit Demam
B mengobati_penyakit Sesak_napas
M ordonya Lamiales
B famililsukunya Lamiaceae

W famili/sukunya Labiatae

Data property assertions
B memiliki_kontraindikasi "Alergi, gangguan tiroid, hipotensi, j a, hemostatik"**xsd:string
B memiliki_nama_daerah "Ajeran{Sunda), Majenereng{Madura), Iwak(Bali}, Golong (Flores), Kuwuete(Timor)"**xsd:string
B memiliki_efek_tanaman "Meningkatkan resiko perdarahan"*#*xsd:string

Megative object property assertions

Figure 12. SCREENSHOT OF THE [NDIVIDUAL AFTER THE |NFERENCE PROCESS |N PROTEGE

The inference process generates new knowledge from individual cumin leaves. The new
knowledge generated is the efficacy of plants, plant parts, compound content, and plant taxonomy.
Based on the testing and validation, the ontology model can perform knowledge inference. It can
reuse the medicinal plant ontology data model for further system development, such as a
Knowledge Management System (KMS) because the ontology representation can be in the form
of an OWL/RDF format that can be understood or easily understood by the system.

IV.CONCLUSION

The ontology model that has been designed can perform knowledge inference and build new
domains, namely disease proteins, to enrich the knowledge of medicinal plants. The resulting
ontology model can also build relationships between compound activities based on terms that are
known to the public. The query test on the ontology model can provide results from the stored
knowledge about medicinal plants. Future research hopes that additional domains of medicinal

plant knowledge, such as nutritional content and more detailed knowledge such as clinical testing,
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require experts in data validation so that the medicinal plant ontology model is expected to support

information in the manufacture of Indonesian standard herbal medicines.
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