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ABSTRACT Article information:
Thailand's exports are crucial to the country's economic income, with agri-
cultural products among the most important. Import-export �rms mainly
manage the export process because agriculturists hesitate to deal with
complex procedures. Based on the complex procedures and lack of knowl-
edge about the export process, new entrepreneurs and agriculturists often
struggle to export their products directly. Therefore, a simpli�ed sys-
tem is needed for those seeking information on export procedures. To
address this, the Exporting Fresh Fruits Ontology was developed to en-
hance the knowledge-based system for managing fresh fruit exports. This
system involves three main steps: reviewing export processes and doc-
uments, generating ontology for the fresh fruit export domain, and de-
veloping the knowledge-based system. The Hozo Ontology Editor is the
system's backbone, built using the Ontology-based Application Manage-
ment (OAM) framework. The Exporting Fresh Fruits Ontology comprises
12 main classes, sub-classes, and attributes, capturing knowledge of the
export process. It includes mappings between relational database entities
and the ontology, capturing semantic information, and validating mapping
consistency to eliminate errors. The results show that the Exporting Fresh
Fruits Ontology performs well, achieving an average F-measure value of
0.98.
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1. INTRODUCTION

Thailand is an agricultural country, with about
50% of its population engaged in agriculture. Agricul-
tural products are consumed domestically, while some
are exported to other countries. As international
markets recognize high-quality Thai products and re-
markably fresh fruits, agricultural exports boost the
economy. Thai fresh fruits are considered premium,
with a high demand internationally, generating sig-
ni�cant export income�amounting to USD 3,482.22
million in 2020 [1]. Based on these issues have at-
tracted many exporters to the Thai fresh fruit mar-
ket, with most export operations handled by export
companies.

Although exporting fresh fruits is exciting for en-
trepreneurs, some still need to familiarize themselves
with the export procedures. Due to the complexity

of the procedures and a need for knowledge related
to exporting fresh fruits, especially the agricultur-
ists, they cannot export their agricultural products
directly. Therefore, entrepreneurs and agriculturists
must learn about export procedures, transportation
methods, and other aspects of fresh fruit exporta-
tion. Fresh fruit export involves several variables,
such as the export procedure, export documentation,
modes of transportation, importer nation legislation,
and other variables, such as fresh fruit export stor-
age. Entrepreneurs and agriculturists may experience
information overload and waste a lot of time search-
ing when they use several data sources to look up
information. A simple system is needed for new en-
trepreneurs and agriculturists who want to have de-
tails on exporting procedures.

Recent advancements in search engine technology
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enable efficient information retrieval from multiple
sources. The Semantic Web, an extension of the cur-
rent web, provides well-defined information, facilitat-
ing better collaboration between computers and users
[2, 3]. A vital component of the Semantic Web is on-
tology, which defines domain-specific terms, relation-
ships, and rules using the Web Ontology Language
(OWL) [4-6].

Therefore, the ontology for exporting fresh fruits
to improve the knowledge-based system on the export
process has been developed to handle the fresh fruit
export variables. The variables are determined by the
fresh fruit export domain to the Semantic Web tech-
nology knowledge structure for comprehensive knowl-
edge and efficient information retrieval. This pa-
per presents a knowledge-based system for support-
ing new entrepreneurs and agriculturists exporting
their products. The knowledge-based system consists
of the ontology of exporting fresh fruits, a database
of exporting fresh fruit, and recommendation rules,
shown in the following sections.

2. PRRPOSED KNOWLEDGE-BASED SYS-
TEM

2.1 Overview of Thai Fresh Fruits Exporting
Process

The value of Thai fresh fruit export has increased
as it has grown in popularity in the international mar-

ket. It is becoming an essential source of income for
Thailand. The Department of International Trade
Promotion launched the export procedure, which con-
sists of the details of documents for exporting prod-
ucts. The exporter must prepare the related docu-
ments and examine the regulations of the import and
export country in each procedure, as shown in Fig.
1. The process of exporting Thai fresh fruit consists
of seven steps:

(1) Checking the privileges of international trade
in order to ask for a certificate of origin. In this step,
the exporter has to register for the permit ID Card
of the Exporter or Importer, and then the product’s
characteristics must be checked to request the certifi-
cate of origin in the sixth step.

(2) Checking customs tax benefits, the exporter
must request the privileges of tax benefits for the re-
ceived tax break in the fourth step.

(3) Studying the regulations of importing coun-
tries and requesting a certificate from related insti-
tutes, the exporter must check the importing coun-
try’s rules before requesting a certificate of product
quality. Then, the exporter must register as an ex-
porter of agricultural products outside the Kingdom
and request a Health Certificate for fresh fruits.

(4) Filling in the Customs clearance form via
the E-Customs system: The exporter must do the
customs clearance, which consists of two processes:
First, a customs clearance person registers personal

Fig.1: Fresh Fruits Exporting Procedure.

Adapted from: Department of International Trade Promotion
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Fig.2: Framework of Knowledge-Based System.

information via the E-Customs system. Then, the
information about the customs clearance will be sub-
mitted to the Customs Department for permission in
the next step.

(5) Selecting the mode of transportation for ex-
porting fresh fruit products, the exporter should con-
sider the available transportation mode from the ori-
gin country to the destination country.

(6) Asking for a certificate of origin from the De-
partment of Foreign Trade; a certificate of origin will
be allowed by the Department of Foreign Trade by us-
ing the certificate of product characteristic from the
first step.

(7) Submitting the documents to the importer of
the destination country, then the exporter sends re-
lated documents, such as the Booking Number or Ref-
erence Number, to track the products.

The complexity of the fresh fruit exporting pro-
cess, with several documents in each process, will
make a person unfamiliar with the export process un-
able to do all the steps themselves. For this reason,
a knowledge-based system to support the exporting
process is proposed. The knowledge-based system to
support the exporting process is a form of artificial
intelligence (AI) that aims to capture the knowledge
of human experts to support decision-making in ex-
porting fresh fruit. This system will easily support
SMEs, startups, and agriculturists in studying ex-
porting procedures.

2.2 Framework of Proposed Knowledge-Based
System

The knowledge-based system consists of the on-
tology domain’s fresh fruits exporting, database, and
recommendation rules. Firstly, the ontology was gen-
erated to define conceptual knowledge of exporting
fresh fruits. Secondly, the database of the exporting
fresh fruits process was conducted by applying Navi-
cat for the MySQL application to be sent out to the

MySQL server. Thirdly, the recommendation rule is
defined as advising information to the user, which is
specific information in terms of the required scope
for the user. Then, The Ontology-based Application
Management (OAM) Framework was used to connect
the ontology, the database, and the recommendation
rule. The OAM Framework is an application develop-
ment platform that aims to simplify the creation and
adoption of a semantic web application [7-9]. The
overview of the proposed knowledge-based system is
shown in Fig. 2.

Ontology Application Management Framework
(OAM) is an application framework designed to
streamline the development of applications that lever-
age semantic web technologies and ontologies [10].
The OAM Framework offers a comprehensive solution
for developing and managing applications that lever-
age semantic web technologies and ontologies, pro-
viding users with the necessary tools and resources
to build sophisticated and interoperable systems [11].

3. METHODOLOGY

The knowledge-based system of the export process
in Thailand consists of three main steps: Reviewing
related data related to exporting processes and doc-
uments, generating an ontology domain, Knowledge-
based system development. The Hozo-ontology editor
is utilized as the backbone of this system [12]. The
methodology of this study is presented in Fig. 3.

3.1 Reviewing Related Data

Knowledge of fresh fruit exporting is divided into
two categories: (1) fresh fruit exporting and (2) fresh
fruit storage for exporting. These categories are de-
rived from explicit resources such as the Department
of International Trade Promotion (DITP), National
Bureau of Agricultural Commodity and Food Stan-
dards, and Office of Agricultural Economics in Thai-
land, as well as literature reviews and related work.
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Fig.3: Research Methodology.

There is much research in developing an ontology
for agricultural products that uses the average per-
centage of precision, recall, and F-measure to evalu-
ate the ontology [11, 13-17]. By calculating the av-
erage percentage of precision, recall, and F-measure,
researchers can comprehensively view the ontology’s
overall performance across various tasks. This ap-
proach helps identify strengths and areas for improve-
ment in the ontology’s structure and content, leading
to better knowledge representation and retrieval in
the agricultural domain. Winai Bangkhomned and
Janjira Payakpate [11] developed the ontology by ap-
plying semantic search methods to manage knowl-
edge on tropical fruit production, longan, in North-
ern Thailand. The ontology was evaluated by testing
the information retrieval, which consists of three val-
ues, i.e., precision value, recall value, and F-measure
value. The testing of information retrieval from the
ontology using semantic searching showed a precision
of 100% for the retrieved information, with a recall
of 93.50% and an F-measure of 96.64%. These re-
sults supported further implementation of the Thai
Longan Production Knowledge Service System.

Porawat Visutsak [17] developed the ontology
knowledge based on durian pests and disease retrieval
systems. The ontology was evaluated by testing infor-
mation retrieval, which consists of three values: preci-
sion, recall, and F-measure. The experimental results
yielded 100% precision, 88.33% recall, and 93.8% F-
measure. The system provides eight classes of pests
and diseases of 3 durian cultivars (Monthong, Cha-
nee, and Kanyao).

Based on [11] and [17], ontology evaluation
through testing information retrieval with three val-
ues, namely precision, recall, and F-measure, can en-
hance a system’s efficiency in terms of objective eval-
uation, comprehensive assessment, and comparative
analysis. Therefore, precision, recall, and F-measure
have been selected in this study to evaluate the Ex-
porting Fresh Fruits Ontology.

3.2 Ontology Development

Ontology is knowledge representation in a domain
of interest by formally defining the relevant concepts,
properties, and relations [2, 18]. It is widely acknowl-
edged as the explicit form of a concept and relation
that computer systems can understand. In this study,
the ontology for exporting fresh fruits is designed ac-
cording to the guidelines suggested by Noy [19, 20].
The domain of knowledge-based exporting of fresh
fruits is divided into two sub-domains: (1) the ex-
port process and (2) the storage of fresh fruits for
export. A Hozo-ontology editor is employed to de-
velop ontology since it helps visualize ontology struc-
tures and generate OWL (Web Ontology Language)
format output.

The top-down, bottom-up, and middle-out ap-
proaches are three distinct methodologies for devel-
oping ontologies, each with its characteristics, advan-
tages, and considerations [17].

Top-Down Approach

Conceptualization: The top-down approach begins
with a high-level conceptualization of the domain, of-
ten driven by domain experts or stakeholders.

Hierarchy Design: The development of an ontol-
ogy starts with defining top-level concepts and rela-
tionships and then progressively refining the ontology
structure.

Systematic Design: The ontology is designed sys-
tematically from general concepts to specific de-
tails, ensuring a clear and organized representation
of knowledge.

Advantages: Provides a systematic and com-
prehensive understanding of the domain, facilitates
alignment with organizational goals and require-
ments, and ensures consistency and coherence in on-
tology design.

Bottom-Up Approach

Data-Driven: The bottom-up approach starts with
existing data or knowledge sources, such as databases,
documents, or domain-specific terminologies.

Knowledge Extraction: Ontology development in-
volves extracting relevant concepts, relationships,
and patterns from data sources, often using auto-
mated or semi-automated methods.

Incremental Construction: The ontology is con-
structed incrementally based on the analysis of data
sources, allowing for rapid prototyping and refine-
ment.

Advantages: Leverages existing knowledge and
data sources, facilitates rapid ontology development,
and promotes collaboration among data owners and
domain experts.

Middle-Out Approach

Hybrid Method: The middle-out approach com-
bines top-down and bottom-up approaches, aiming
to strike a balance between conceptual clarity and
data-driven insights.
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Iterative Process: Ontology development involves
iterative conceptual modeling and data integration
cycles, allowing for continuous refinement and im-
provement.

Integration of Perspectives: Incorporates domain
expertise and existing data sources to create a holis-
tic ontology that reflects theoretical principles and
empirical observations.

Advantages: It offers flexibility and adaptability
to varying domain requirements, balances theoretical
and practical considerations, and promotes synergy
between domain experts and data analysts.

In this study, the Top-Down Approach was consid-
ered for developing the ontology. The top-down ap-
proach provides a structured and systematic method-
ology for developing new ontologies in academic set-
tings, ensuring conceptual clarity, alignment with re-
search goals, flexibility for iterative refinement, in-
terdisciplinary collaboration, and educational value.
The top-down approach begins with a high-level do-
main conceptualization, allowing ontology developers
to define clear and coherent conceptual structures.
This clarity helps ensure the ontology accurately rep-
resents the domain’s key concepts and relationships.

Fig.4: Step of configuration between the exporting fresh fruits ontology and the database.

Fig.5: The recommendation management system.
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The development of an ontology for exporting fresh
fruits aims to enhance the knowledge-based system
in the domain of export processes in Thailand. This
approach starts with a high-level conceptualization
driven by domain experts and stakeholders.

High-Level Conceptualization: The process begins
with a broad understanding of the domain:

1) Engage Domain Experts: Collaborate with do-
main experts and stakeholders to gather in-
sights into the domain.

2) Identify Top-Level Concepts (Classes): Define
the major categories and entities involved in the
export process of fresh fruits, such as “Fresh
Fruit,” “Export laws,” “Country,” and “Export
procedure.”

Hierarchy Design: Develop the hierarchical struc-
ture of the ontology:

1) Define Top-Level Concepts (Classes): Estab-
lish the primary classes and their relationships.
For example, under “Country,” classes such as
“General country” and “Special control coun-
try” should be included.

2) Progressive Refinement: Break down each top-
level concept into more specific sub-concepts.
For instance, under “ Special control country,”
define “Singapore,” “China,” and “Japan.”

3.3 Knowledge-Based System of the Export
Process Development

The knowledge-based system has been developed
using the Ontology-based Application Management
(OAM) framework. The semantic search system pro-
vides an interface for showing information from a
knowledge-based system. The knowledge-based sys-
tem consists of two parts: the semantic search and
recommendation management parts.

The configuration connects ontology and the
database by mapping classes in ontology with
database tables. The database tables consist of (a)
Class-Table Mapping, (b) Property-Column Map-
ping, and (c) Vocabulary Mapping. Fig. 4 presents
the application configuration that illustrates the dis-
play settings of the Search Property and Display
Property applications.

The recommendation management system is de-
signed based on data qualification scenarios to fa-
cilitate recommendations within the OAM Frame-
work [7, 10]. The system is critical because it in-
tegrates data and rules to provide relevant trans-
portation mode recommendations. The management
system ensures that recommendations are consistent,
adaptable, and integrated into the broader applica-
tion framework. Based on Fig. 5 is an example of
the recommendation class of transportation mode,
i.e., “Transportation mode recommendation.” The
steps of the Recommendation Management System
are as follows:

− Creation of the Recommendation Class in
Ontology: This step involves creating a
recommendation class within the ontology,
“Recommendation exporting” in Fig. 5. On-
tology in this context refers to a structured
representation of knowledge, defining various
elements and their relationships. Each rec-
ommendation class has properties defined as
“part− of” relations, linking the recommenda-
tion class to other relevant components within
the ontology. This step ensures that the rec-
ommendation system comprehensively under-
stands the data and its interconnections.

− Addition of the Recommender Class to the
Application Configuration: This step involves
adding a recommender class to the applica-
tion configuration, which is the example of
“Transportation mode rec” in Fig. 5. This
class serves as an additional recommendation
element within the system, enhancing its capa-
bility to make more informed and precise rec-
ommendations. By integrating this class into
the configuration, the system can adapt and ex-
tend its recommendations based on new inputs
or changes in the application environment.

− Rules-Ontology Connection: This step involves
conducting a Rules-Ontology connection. This
process links the established rules (which define
how decisions are made) with the classes within
the ontology. By connecting rules and ontology,
the system can utilize predefined logic to gen-
erate accurate transportation mode recommen-
dations based on the data provided.

4. RESULTS

4.1 Exporting Fresh Fruits Ontology

The Exporting Fresh Fruits Ontology is devel-
oped using the Hozo-ontology editor. The scope
of the ontology development is the fresh fruit ex-
porting domain. This ontology contains 12 main
classes. The main classes consist of sub-classes, prop-
erties/attributes of classes, and sub-classes, as shown
in Table 1. The overview of the Exporting Fresh
Fruits Ontology is demonstrated in Fig. 6.

Exporting Fresh Fruits Ontology has been devel-
oped using a top-down approach. The processes of
creating the Exporting Fresh Fruits Ontology consist
of 1) Define Scope and Objectives, 2) Identify Stake-
holders, 3) Domain Analysis, 4) Conceptualization,
5) Ontology Design, and 6) Formalization.

1) Define Scope and Objectives: Clearly define
the scope and objectives of the Exporting Fresh
Fruits Ontology. This process involves specify-
ing the domain of interest, which is the exporta-
tion of fresh fruits. Determine the goals of the
Exporting Fresh Fruits Ontology, such as reduc-
ing duplicated information, ensuring regulatory
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Table 1: The classes of Fresh Fruits Exporting Ontology.

Class
Relation

Property Description
Property Type

Fresh fruits has a/o A Fresh fruits id ID no. of kind of fresh fruits.
has a/o B Fresh fruits name Name of fresh fruits
has p/o C Temperature storage Temperature for exporting storage
has p/o D Time storage Time for exporting storage
has p/o E Packaging exporting Type of package of fresh fruits for exporting
has p/o F Detail Packaging exporting Instruction of packing fresh fruits for

exporting
has p/o G Certificate id Certificate of origin country
has p/o H Country Special control Special control counties for fresh fruits

import
Country has a/o A Country id ID no. of countries

has a/o B Country name Name of countries
has p/o C Certificate origin id No. of certificate of origins
has p/o D Fresh fruits Type of exporting fresh fruits
has p/o E Transportation mode id Transportation mode

Certificate exporting has a/o Certificate exporting id No. of certificate of origins
has a/o Certificate exporting name Name of certificate of origins country
has a/o Description Description of certificate of origins

Export procedure has a/o A Export procedure id ID no. of export procedure
has a/o B Export procedure name Name of each export procedure
has a/o C Export document Related document of exporting procedure
has a/o D Evidence used Related evidence of exporting procedure.
has a/o E Contact agency Contact of agency who do exporting

procedure
Export laws has a/o A Export laws id ID no. of exporting laws

has a/o B Laws name Title of export laws
has a/o C Type name Type of export laws
has a/o Description Description of each export laws

Packaging fresh has a/o A Packaging fresh fruits ID no. of packaging
fruits exporting exporting id

has a/o B Packaging fresh fruits Type of packaging fresh fruits for exporting
exporting name

has p/o C Packaging fresh fruits Instruction of packaging for exporting fresh
exporting fruits

Temperature fresh has a/o Temp fresh fruits storage id ID no. of temperatures
fruits storage has a/o Temp fresh fruits storage Phase of temperatures for storage of fresh

fruits
has p/o Temp Type fresh fruits Temperature for storage based on type of

fresh fruits
Time fresh fruits has a/o T ime fresh fruits storage id ID no. of time for storage fresh fruits
storage has a/o T ime fresh fruits storage Phase of times for storage of fresh fruits

has p/o T ime Type fresh fruits Time for storage based on type of fresh fruits
Quantity exporting has a/o Quantity fresh fruits exporting id ID no. of quantities for exporting.

has a/o Quantity fresh fruits export Quantity of exporting fresh fruits
Transportation mode has a/o Transportation mode id ID no. of transportation mode

has a/o Transportation mode name Transportation mode
Common carrier has a/o A Common Carrier id ID no. of common carrier

has a/o B Common Carrier name Name of common carrier
has a/o Description Description of common carrier

Recommendation has a/o A Rec exporting id ID no. of exporting recommendation
exporting has p/o B Fresh fruits rec Type of recommendation for exporting fresh

fruit
has p/o C Temp storage rec Recommendation on temperature for fresh

fruits storage
has p/o D Time storage rec Recommendation on time storage for fresh

fruits
has p/o E Quantity exporting rec Recommendation on quantity for exporting

fresh fruits
has p/o F Country rec Recommendation on importer country
has p/o G Common carrier Recommendation on common carrier
has p/o Suggest transportation mode Recommendation on mode of transportation

Transportation mode has p/o Transportation mode rec Recommendation on mode of transportation
rec for exporting fresh fruits with the limitation

of existing transportation mode
Noted: a/o is “Attribute Of.”

p/o is “Part Of.”
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Fig.6: Exporting the Fresh Fruits Ontology using the Hozo-Ontology Editor.

compliance, and enhancing market analysis in
the fresh fruit export industry.

2) Identify Stakeholders: Identify stakeholders in-
volved in the fresh fruit export process, includ-
ing exporters, importers, regulatory agencies,
agriculturists, distributors, and retailers. The
in-depth interview and focus group were used
to collect the perspectives and requirements of
each stakeholder group to ensure that the ontol-
ogy adequately represents their needs and con-
cerns.

3) Domain Analysis: Conduct a thorough anal-
ysis of the fresh fruit export domain to un-
derstand its structure, processes, and critical
concepts. Gather domain knowledge from vari-
ous sources, including domain experts, industry
publications, government regulations, trade as-
sociations, and academic research. Identify rel-
evant concepts, entities, relationships, and at-
tributes within the domain, such as types of
fruits, export regulations, packaging standards,
transportation methods, market destinations,
and quality assessment criteria.

4) Conceptualization: Based on the domain anal-
ysis, conceptualize the ontology by defining its
high-level concepts and relationships. Organize
the ontology into a hierarchical structure, with
top-level concepts representing significant cat-
egories within the fresh fruit export domain.

Define relationships between concepts using ap-
propriate semantics to capture the interdepen-
dencies and associations between different enti-
ties.

5) Ontology Design: Design the ontology struc-
ture based on the conceptualization, ensur-
ing that it reflects the domain’s organiza-
tion and semantics. Define classes rep-
resenting different entities in the domain,
such as fruit, export processes, regula-
tory requirements, transportation modes, and
market characteristics. Specify properties
to describe attributes and relationships be-
tween classes, such as “B Fresh fruits name,”
“Temp fresh fruits storage,” “B Laws name,”
etc. Consider using existing ontologies, for ex-
ample, or standards relevant to the fresh fruit
export domain as a basis for ontology design
to promote interoperability and reuse of exist-
ing knowledge. The Exporting Fresh Fruits
Ontology is designed based on the standard
of the Department of International Trade Pro-
motion (DITP), Ministry of Commerce, Na-
tional Bureau of Agricultural Commodity and
Food Standards, and Office of Agricultural
Economics, Thailand to model export pro-
cesses, documentation, and regulatory compli-
ance within the ontology is retrieved from their
information. Moreover, properties were specif-
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ically defined based on the Thai fresh fruit ex-
porting procedure in Fig. 1.

6) Formalization: Choose a formal representation
language, such as OWL (Web Ontology Lan-
guage), to formally specify the ontology’s struc-
ture, semantics, and constraints. Use the cho-
sen representation language to define classes,
properties, individuals, axioms, and logical con-
straints that comprise the ontology. Ensure the
ontology adheres to standard modeling prac-
tices and guidelines to maintain consistency,
clarity, and interoperability.

In the context of exporting fresh fruit from Thai-
land, the classification of countries into “General
countries” (e.g., the United States, South Korea, In-
donesia, etc.) and “Special control countries” (e.g.,
Singapore, Japan, China) serves a specific purpose
in the recommendation management system. Usu-
ally, countries are considered instances of a broader
class, such as “country.” However, in this case, defin-
ing individual countries as separate classes instead of
instances suggests a deliberate design choice. Defin-
ing individual countries as classes instead of instances
provides a structured approach to managing differ-
ent countries’ diverse and often complex export re-
quirements. This design enhances the recommenda-
tion management system’s flexibility, precision, and
adaptability, ensuring that each export recommen-
dation aligns with the specific needs and regulations
of the target market. For example, an export order
of fresh mangoes to Japan could be an instance of
the Japan class. In this scenario, the instance would
inherit Japan’s specific trade rules and recommen-
dations, such as inspection requirements, packaging
standards, or logistics advice tailored for exports to
Japan.

4.2 Knowledge-Based System of Exporting
Fresh Fruit Process

The knowledge-based system for fresh fruit ex-
port uses a semantic search system as an interface
for showing information. In this study, the Ontol-
ogy Application Management (OAM) framework has
been applied to develop the knowledge-based system.
The semantic search system will select the path and
conditions for retrieving information. Moreover, this
system has an “aggregation function” that groups in-
formation by choosing a condition.

4.3 Evaluation of Exporting Fresh Fruits On-
tology

Exporting Fresh Fruits Ontology has been evalu-
ated for information retrieval by calculating the F-
measure. Three experts on exporting products verify
the Exporting Fresh Fruits Ontology. The experts
examine keywords for information retrieval from the
ontology. The experts discuss the keywords based on
the classes through various methods:

− Relevance Check: Experts review the list of ex-
tracted keywords to ensure they are relevant to
the domain of fresh fruit exporting.

− Completeness Assessment: Experts assess
whether the keyword set comprehensively cov-
ers all necessary aspects of the domain.

− Contextual Use: Experts evaluate how well the
keywords represent the information needed for
retrieval in practical scenarios, such as queries
related to export processes, regulations, and
quality standards.

The evaluation of information retrieval is verified
by three values, i.e., precision, recall, and F-measure.
Evaluating an ontology for exporting fresh fruits us-
ing precision, recall, and F-measure is a common ap-
proach for assessing the ontology’s effectiveness in ac-
curately representing domain knowledge [16].

Precision: Precision measures the proportion of
correctly identified relevant concepts in the ontology
compared to all concepts identified by the ontology.
In exporting fresh fruits ontology, precision assesses
the ontology’s ability to accurately capture domain-
specific concepts, such as fruit varieties, export reg-
ulations, packaging standards, and transportation
methods. A high precision score indicates that the
ontology contains a high proportion of relevant con-
cepts without including irrelevant or incorrect infor-
mation. Precision is valuable in ontology evaluation
as it emphasizes the ontology’s accuracy and correct-
ness in representing domain knowledge.

Recall: Recall measures the proportion of cor-
rectly identified relevant concepts in the ontology
compared to all pertinent concepts that should have
been identified. In exporting fresh fruits ontology, re-
call assesses the ontology’s ability to comprehensively
capture all relevant domain concepts without missing
any vital information. A high recall score indicates
that the ontology effectively covers the breadth and
depth of domain knowledge, ensuring that no critical
concepts are overlooked. Recall is crucial in ontol-
ogy evaluation as it highlights the ontology’s com-
pleteness and comprehensiveness in representing the
domain.

F-measure: F-measure is the harmonic mean of
precision and recall, providing a balanced assessment
of both metrics. It combines precision and recall into
a metric that considers the ontology’s accuracy and
completeness. F-measure is particularly useful in on-
tology evaluation as it accounts for the trade-off be-
tween precision and recall, helping ontology devel-
opers find the optimal balance between accuracy and
comprehensiveness. A high F-measure score indicates
that the ontology balances precision and recall, effec-
tively representing domain knowledge with accuracy
and completeness.

These three values are calculated by applying
equations (1), (2), and (3) [13, 19, 20].
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Pricision =
tp

tp + fp
(1)

Recall =
tp

tp + fn
(2)

F −measure = 2 × Precision×Recall

Precision + Recall
(3)

Where
tp = The number of true positives classified by the

ontology.
fn = The number of false negatives classified by

the ontology.
fp = The number of false positives classified by

the ontology.
From Table 2, the Exporting Fresh Fruits Ontol-

ogy obtains an average percentage of precision, re-
call, and F-measure 97.11%, 99.12%, and 97.65%, re-
spectively. The evaluation results show that the Ex-
porting Fresh Fruits Ontology can help improve the
correction of searching on a knowledge-based system
of exporting fresh fruit process. On the other hand,
the system still has some errors in irrelevant results
and failure to show relevant results in some concepts
such as Fresh fruits, Country, Certificate of export-
ing, Temperature of fresh fruits exporting, and Time
of fresh fruits exporting.

Some errors were observed while evaluating the on-
tology and the recommendation system, where irrele-
vant results were shown, and relevant results needed
to be included for specific concepts. These issues
highlight areas where the system’s recommendations
or search outputs do not align perfectly with user ex-

pectations or intended outcomes.
− Irrelevant Results: Instances where the system

suggested concepts, instances, or recommenda-
tions that have been not applicable or related
to the query or context.

− Missing Relevant Results: Situations where the
system failed to display essential or directly rel-
evant concepts that should have been included
based on the input or query.

Based on the identified errors, the potential causes
of errors may come from the classes’ limitations, lead-
ing to incomplete ontology coverage. If the ontology
does not comprehensively cover all relevant concepts
or instances, it may lead to gaps where the system
fails to identify or connect relevant information. For
example, if a particular fruit variety or export proce-
dure is missing, relevant results may not be shown.

4.4 Evaluation of Knowledge-Based System

The questionnaire is designed to evaluate the
knowledge-based system for exporting fresh fruit. It
has three aspects: content, searching, and practice.
Table 3 presents the results of the evaluation of each
element. The sample groups of evaluators are ex-
porters, entrepreneurs, and agriculturists, and the
number of evaluators is 35 users.

The evaluation result shows that the content and
searching levels are moderately satisfied. For another
aspect, the satisfaction level of the practice aspect is
moderately satisfied until very satisfied.

5. CONCLUSION

The main contribution of this study is developing
a knowledge-based system for exporting fresh fruit.

Table 2: The results of the information retrieval evaluation.

Class name Output tp fn fp
Precisions Recall F-measure

(%) (%) (%)
Fresh fruits Type of Fresh fruit 131 4 0 97% 100% 98%
Country Country of destination 923 2 25 92% 92% 92%
Certificate exporting Certificate of origin 10 3 0 93% 100% 95%
Export procedure Export procedure 171 0 0 100% 100% 100%

Export laws
Exporting law and

30 0 0 100% 100% 100%
regulation

Packaging fresh fruits exporting
Type of packaging of

20 0 0 100% 100% 100%
fresh fruits for exporting

Temperature fresh fruits storage
Temperature of fresh

20 2 0 88% 100% 92%
fruits for exporting

Time fresh fruits storage
Time of fresh fruit for

19 1 0 97% 100% 98%
exporting

Quantity exporting Quantity of exporting 3 0 0 100% 100% 100%
Transportation mode Transportation mode 3 0 0 100% 100% 100%
Common carrier Common carrier 3 0 0 100% 100% 100%

Recommendation exporting
Recommendation

849 0 0 100% 100% 100%necessary information for
exporting fresh fruit

Transportation mode rec
Existing transportation

- - - - - -
mode

Average (%) 97.11% 99.12 97.65
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Table 3: The result of satisfaction evaluation for the knowledge-based system in the domain of the export
process.

Items Mean S.D.
Comprehensive Content
The contents on the domain of the export process are covered. 4.37 0.48
The contents relate to the current situation. 4.49 0.50

The user interface is easy to use. 3.57 0.68
Searching for information
The display on the application is proper. 4.26 0.66
Information has met the requirement of users. 4.31 0.55
Implementation
The knowledge-based system can facilitate the searching information to users 4.46 0.68
The knowledge-based system will be taken for implementation in the export 4.57 0.56

Average 4.22 0.59

Firstly, an ontology for exporting fresh fruits has been
constructed as the backbone of the knowledge-based
system. The ontology of exporting fresh fruits con-
sists of 12 main classes covering the knowledge of ex-
porting fresh fruits. Secondly, mapping between en-
tities in a relational database schema and exporting
fresh fruits ontology. It captures semantic informa-
tion contained in the structures of the entities based
on virtual documents and eliminates incorrect map-
pings by validating mapping consistency. Finally, an
ontology for exporting fresh fruits was experimen-
tally evaluated on several data sets from real-world
domains. The results demonstrate that the ontology
of exporting fresh fruits performs well in the average
value of F-Measure, which is equal to 0.98. Evaluat-
ing the knowledge-based system for exporting fresh
fruit process shows that the satisfaction score is more
than 3.50, which means moderately satisfied. Be-
sides, the results also show that the contextual map-
pings constructed by the knowledge-based system for
exporting fresh fruit are helpful in supporting new
entrepreneurs and agriculturists unfamiliar with the
exporting procedure.

In addition, evaluating a knowledge-based system
for exporting fresh fruit ontology requires a multi-
dimensional approach encompassing accuracy, com-
pleteness, usability, interoperability, performance, de-
cision support effectiveness, and business impact.
By employing appropriate evaluation methods and
drawing insights from relevant literature, stakehold-
ers can assess the knowledge-based system’s overall
quality and effectiveness in supporting fresh fruit ex-
port operations. Therefore, the improvement area
of a knowledge-based system for exporting fresh fruit
ontology must be considered by employing the evalua-
tion results from a multidimensional approach, which
is mentioned.

A knowledge-based system’s limitations are indeed
restrictive and could pose challenges for future ad-
justments. To ensure the system remains flexible,
adaptive, and less prone to obsolescence, it’s essen-
tial to consider alternative approaches that allow for
variability and dynamic updates. The system’s limi-

tations would enhance its resilience and maintain its
effectiveness in providing accurate and contextually
relevant recommendations.

In the future, the knowledge-based system for ex-
porting fresh fruit will be compared with benchmark-
ing criteria. Moreover, some machine learning tech-
niques for mining other interesting and useful seman-
tic mappings will be considered. Finally, a user-
friendly interface should be developed to help users
explore the needed information easily.
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