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Abstract 
 

This study designs the Fish Metabolome Database (FMDB) as a repository of fish 
metabolite data. The data is valuable for fisheries research, such as fishery product 
safety, water pollution, and fish interactions with the environment. The database was 
designed with the requirements generated from previous research related to 
metabolite data management and adapted to the datasets. The Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) strengthened by 
benchmark at the synthesis stage are used to gather the requirements. The proposed 
data fields and features have been implemented in a prototype database containing 
91 datasets of fish metabolites. Its simple functionality makes it easy to search for 
databases on species keywords or metabolite names. The limited amount of data is a 
research limitation that will continue to be developed to improve the database. 
However, as there is currently no existing database in that field, FMDB becomes a 
foundation for managing fish metabolite data that is useful for further research and 
education in the field of fisheries. This research also provides insight for professionals 
and practitioners in database management with requirements based on literature 
reviews. 

 

Introduction 
 

Indonesia, as a maritime country, produces fishery 
products in large quantities. Statistical data released by 
the Ministry of Marine Affairs and Fisheries Republic of 
Indonesia shows total marine catch fishery production 
of 6.4 million tons in 2020 (Ministry of Marine Affairs 
and Fisheries Republic of Indonesia, 2023). According to 
data released by FAO, the top ten global fisheries marine 
capture producers, this number is ranked second 
highest after China (FAO, 2022). The large amount of 
production creates challenges in maintaining quality and 
safety. Consequently, fish metabolite data and research 
are closely related to this issue. 

Fish metabolite data is valuable information that 
provides insights into physiological and biochemical 

processes occurring in fish. The data will be very useful 
in various studies, such as for biomarkers or detecting 
deviations. Metabolite data is used to predict the effect 
of environmental factors on fish quality, such as changes 
in water temperature (Shima et al., 2023) (Ma et al., 
2023), chemical contamination (Yan et al., 2023), and so 
on. 

Metabolomic technology is also used to assess the 
quality and safety of seafood products (Power et al., 
2023). Chemical contamination is still one of the 
significant causes of disease and health problems for 
consumers (Joshi et al., 2015). One of the chemical 
contaminants that needs serious attention is 
formaldehyde. Formaldehyde is a genotoxic compound 
because it can cause DNA-protein and protein-protein 
cross-linking when it enters the human body (Yeh et al., 
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2013). The presence of natural formaldehyde in some 
fishery products can make it difficult to detect the illegal 
addition of artificial formaldehyde (contamination) 
(Sanyal et al., 2017). Research on biomarkers of natural 
formaldehyde and artificial/synthetic formaldehyde in 
fishery products is crucial. Metabolic biomarkers are 
biological marker compounds in living things that 
experience abnormalities and changes due to a 
response to foreign compounds that enter the living 
body and environmental changes (Smolinska et al., 
2012).  Metabolic biomarkers have been widely used in 
fishery products to characterize and identify target 
metabolites, such as amino acids and nucleic acids, that 
occur in response to toxic compounds that enter the fish 
body (Shumilina et al., 2015). With different properties 
and biological systems, the biomarker metabolites that 
can be used to distinguish contaminants in fish species, 
such as natural formaldehyde from artificial 
formaldehyde in other types of fish will likely be 
different. In addition, the fact that fishery products 
contain various natural contaminants like formaldehyde 
is confusing when positive samples contain 
formaldehyde in the field. A database of biomarker 
metabolites that is more extensive and can represent 
fish product species based on their habitat 
characteristics needed to be used as a reference data 
bank in distinguishing natural contaminants, especially 
formaldehyde from synthetic fishery products. 

Studies related to the development of species-
specific metabolite databases have been carried out. 
The database development that is widely used as a 
reference is the Human Metabolome Database (HMDB) 
5 (Wishart et al. 2007, 2013, 2018, 2022). Animal 
metabolite databases have also been developed for 
research (Yanshole et al., 2023). For plant metabolites, 
a database has been created in the three-dimensional 
structure of all metabolic compounds (Sakurai et al., 
2023). Unfortunately, a database that manages and 
provides public fish metabolite data is unavailable. 

A database of biomarker metabolites that is more 
extensive and can represent fish product species based 
on their habitat characteristics is needed to be used as a 
reference data bank in distinguishing natural 
contaminants, especially formaldehyde, from synthetic 
fishery products. Designing a fish metabolome database 
is crucial to cope with that need. Therefore, this 
research developed a fish metabolome database 
(FMDB) based on primary fish metabolite data. 
 
Related Works 
 

In previous research, metabolome databases have 
been developed to manage metabolite data of various 
species with their respective uniqueness and chemically 
distinct metabolites. The objectives of this study closely 
align with the earlier research. The aim is to leverage 
metabolite profiling to shed light on the functions of 
genes or metabolites of interest. Those efforts resulted 
in the development of the metabolite profiling 

database, which serves as a valuable resource for 
functional genomics. In line with the study, it seeks to 
address a pressing need in fish metabolic research by 
creating a comprehensive database that can assist 
researchers in characterizing and understanding the 
metabolites present in various fish species. This study 
also recognizes the importance of freely accessible data 
and tools in advancing their respective fields, 
underlining the critical role of databases in hypothesis 
generation and gene/metabolite annotation. Several 
following metabolite databases can offer valuable 
insight into the development of FMDB. 

The database development that is widely used as a 
reference is the Human Metabolome Database (HMDB). 
This database was first released in 2007 and continues 
to be developed until its updated version in 2022 
(Wishart et al., 2007)(Wishart et al., 2013), (Wishart et 
al., 2018) (Wishart et al., 2022). This database has very 
comprehensive coverage regarding human metabolites 
and their associated biological, physiological, and 
chemical properties. Its massive development makes 
this database valuable to follow both in terms of its 
interface and features. Related to human metabolites, 
other research is developing a database the 
BioM2MetDisease, a manually curated resource that 
focuses on establishing a comprehensive and 
experimentally supported collection of associations 
between metabolic diseases and various bio molecules. 
The database offers a user-friendly interface for easy 
data exploration and retrieval, and it even provides a 
submission page for researchers to contribute new 
associations between bio molecules and metabolic 
diseases (Xu et al., 2017). 

For plant metabolites, a database has been created 
that provides the three-dimensional structure of all 
metabolic compounds. This research uses Balloon 
software and Chem3D software to convert 2D structures 
into 3D. This database is very interesting because the 3D 
structure is more informative and downloadable 
(Nakamura et al., 2013). More specific plant metabolite 
databases have also been developed, such as for 
Arabidopsis (Fukushima et al., 2014) and for metabolites 
in wheat fusarium head blight disease (Surendra & 
Cuperlovic-Culf, 2017). 

Metabolome databases were also developed for 
microbial metabolites specific to certain microbes. The 
Escherichia coli Metabolome Database (ECMDB) collects 
all E. Coli metabolite data curated from the literature 
(Guo et al., 2013). Another study developed a database 
for the chemical fingerprint of marine bacteria based on 
the LC-MS analytical platform (Lu et al., 2014). 

Another study developed The Metabolomics 
Workbench, which serves as a public repository for 
metadata and experimental data in metabolomics, 
encompasses various species and experimental 
platforms, metabolite standards, metabolite structures, 
protocols, tutorials, and other educational resources. 
The Metabolomics Workbench provides a 
computational platform to integrate, analyze, track, 
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deposit, and disseminate large and diverse volumes of 
data from various metabolomics studies, including mass 
spectrometry (MS) and nuclear magnetic resonance 
spectrometry (NMR). Data spanning over 20 different 
species covering all major taxonomic categories, 
including humans and other mammals, plants, insects, 
invertebrates, and microorganisms (Sud et al., 2016). 

These studies provide insight and several principles 
that can be applied in developing a fish metabolite 
database to enhance the management and 
understanding of heterogeneous fish metabolite data. A 
deeper study was carried out on the systematic 
literature review to identify features in the previous 
metabolomics database development as the input to 
requirements gathering. 
 

Materials and Methods 
 

The research as a whole consists of two main 
activities: collecting fish metabolite datasets and 
database development. The metabolite datasets were 
obtained by spectrophotometer UV-Vis (Thermo 
Scientific Multiscan GO 200-800 nm) and Nuclear 
Magnetic Resonance (NMR) (Jeol ECS 400 MHz) from 
several fresh fish samples in Indonesia. The project 
involves laboratory research activities at the Science 
Center Area, National Research and Innovation Agency. 
This data will be inputted into the database that has 
been developed. In the current study, the focus of 
discussion is on the development of the database rather 
than the dataset collection process itself. Thus, this 
study provides a comprehensive understanding of the 
metabolome database development process. 
 
Requirement Elicitation 
 

This stage combines a literature review, 
benchmark, and observations of available datasets to 
gain comprehensive insight regarding requirements and 
functionalities. Literature reviews have been popularly 
used for requirements gathering in information systems 
development. This method has advantages in terms of 
saving time and costs, providing updated requirements, 
and opportunities to extend requirements (Kumar & 
Goundar, 2023). Then, the snowball method is utilized 
to determine several metabolome databases used as 
benchmarks to enrich insight related to requirements. 
The final step is adjustment and comparison with the 
existing datasets. 

The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) method is used as 
a guide in conducting a literature review (Cacciamani et 
al., 2023), (PRISMA, 2020). Mendeley is a utilized tool for 
managing works of literature. A combination of several 
keywords was used for literature searches in several 
databases (ScienceDirect, SpringerLink, Emerald, 
ProQuest, IEEE Xplore, and open-access databases), 
traced through the Scopus indexer. The keyword 
combinations are “metabolite AND database”, 

“metabolome AND database”, “metabolomic AND 
database”, “metabolite AND repository”, “metabolome 
AND repository”, and “metabolomic AND repository”. 
We identified 109 pieces of literature related to 
metabolite database development. Identical screening 
left 106 pieces of literature included. The rigorous 
assessment process resulted in 29 records that were 
analyzed and synthesized.  The criteria used for 
literature synthesis and analysis are data fields and 
functionalities. Data field analysis focuses on identifying 
the data elements stored in the database. As for 
functionalities analysis, it is related to how the database 
is used in the system. 

From the reviewed literature, several metabolome 
databases emerged that were determined to be further 
explored and used as benchmarks in FMDB 
development. Benchmarking has been widely applied in 
requirements gathering, such as comparing tools and 
algorithms. According to Beyer, et al. (2019), two things 
that must be paid attention to in a suitable 
benchmarking method are resource determination and 
resource presentation. The resources that will be used 
as benchmarks in this research are several metabolome 
databases whose development processes have been 
published so that comprehensive insights can be 
obtained.  Refinement requirements are carried out to 
ensure that the review results are in accordance with 
the objectives of database development and whether 
they can be implemented properly. Several aspects are 
used in the refinement of requirements. First, the 
validation aspect is carried out by ensuring that the data 
field is the same or in accordance with the data owned. 
The second aspect is technical feasibility; this aspect 
examines the extent to which functionalities can be 
implemented in accordance with the scope of research 
and available resources so that priority is given to the list 
of functionalities obtained. Refinement requirements 
are also carried out by looking at user feedback through 
system evaluation. 

Documentation of requirements is carried out in 
detail by modeling data using an Entity Relationship 
Diagram (ERD), which can describe the relationship 
between entities and attributes in the database 
(Figure 1). The functionality is depicted in a use-case 
diagram model (Figure 2). 
 
Design and Implementation 
 

At this stage, the database and user interface are 
designed based on the requirements established in the 
previous stage. The actual development of the database 
commences. This phase includes the creation of 
database tables, data storage setup, and 
implementation of data entry and retrieval mechanisms. 
The design of the database table has completed the 
normalization process. For instance, we made the 
transaction table "fmdb" to ensure consistency and 
avoid redundancy. Primary keys are defined by using 
auto-increment integer types to ensure unique 
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Figure 1. Entity relational diagram. 

 

 

Figure 2. Use-case diagram of Fish Metabolome Database (FMDB). 
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identification and foreign keys are used to maintain 
integrity between related tables. Based on the nature of 
the data stored, specific fields, such as metabolite_id, 
species_id, timestamps, and username, are assigned 
appropriate data types (e.g., INT, VARCHAR, DATETIME). 

To enhance query performance and ensure 
scalability, the primary keys and frequently queried 
columns implemented B-tree indexes provided by 
MySQL indexes columns. In addition, for search 
functionality, we have applied full-text indexing in text-
based fields where applicable. The front end adopted 
the Bootstrap framework for user convenience, 
automatically adapting to various screen sizes using its 
grid system. The Input forms also incorporate real-time 
validation via JavaScript to provide immediate feedback 
and reduce user errors. PHP and MySQL are used in 
database development. PHP and MySQL were chosen 
because of their proven stability in developing web-
based applications and their compatibility with the 
infrastructure used in this study.  This study uses data 
with structured relationships (with foreign keys), so 
MySQL is more appropriate compared to other 
databases, such as NoSQL which are more suitable for 
semi-structured data.  In addition, the development 
team in this study was more experienced in this 
technology, as well as the need for a more relational 
transaction-oriented system. 
 
Evaluation 
 

The evaluation consists of functionality testing and 
usability evaluation. The system usability scale (SUS) 
questionnaire which has been adapted to Indonesia is 
used in usability evaluation (Sharfina & Santoso, 2016). 
The questionnaire consists of ten questions with a point 
Likert scale with odd numbers for positive items and 
even numbers for negative (Table 1). The SUS score is 
calculated in the following way, for odd numbers minus 
1 while for even numbers, which is 5 minus the score 
obtained. The sum of item score contributions 
multiplied by 2.5, ranging from 0 to 100 [6]. A product is 
considered to have good usability if the overall SUS 
score is equal to or above 68. The evaluation involved 
ten student participants from the Faculty of Fisheries.  
While there is no strict limit on the number of 
participants, (Sauro & Lewis, 2012) suggest that at least 

10-15 participants can provide useful insight, which is a 
practical and effective minimum for the early evaluation 
(Sauro & Lewis, 2012). 
 

Results 
 

This study presented the Fish Metabolome 
Database (FMDB) development process. The proposed 
data fields and features extracted from previous 
research are implemented in a web-based system as an 
initial prototype. 
 
System Requirements 
 

The requirements extracted from the literature are 
synthesized based on two criteria, namely data fields 
and functionalities. A total of 29 works of literature 
passed the assessment stage and were determined to be 
reviewed. The results of literature extraction are 
presented in Table 2. 

The literature extracted related to the data field 
produced seven groups, as shown in Table 2. These data 
fields are presented with user interface features that 
make retrieving the data easier. The literature 
extraction also generates eight groups of features. Some 
literature is explored more deeply for website 
benchmarking via the included links. This study involved 
sixteen databases that were explored and used as 
benchmarking, as shown in Table 2. Benchmarking 
provides an obvious representation of the criteria 
extracted in the literature. 

The results are sufficient to produce insight 
regarding the data field, which is ideally provided in 
managing metabolite data. Although not all data fields 
can be implemented in the initial prototype due to 
research limitations, the rest can be used as input for 
subsequent development. The requirements of FMDB 
are modeled in a Use Case Diagram (Figure 2.), and the 
data fields are modeled in an Entity Relationship 
Diagram (ERD) (Figure 1.). 
 
Design and Implementation of FMDB 
 

Implementation of FMDB development begins 
with creating interface designs. The FMDB website is 
developed using PHP programming language as the core 

Table 1. The questions in the S ystem Usability Scale (SUS) questionnaire  

 Question 

Strongly 
disagree 

   Strongly agree 

1 2 3 4 5 

1 I thought I would use this FMDB database again.      
2 I found this FMDB database complicated to use.      
3 I thought the FMDB database was easy to use.      
4 I need help from other people or technicians to use this FMDB database.      
5 I found the features on this FMDB database work well.      
6 I thought there was too much inconsistency in this FMDB database.      
7 I felt like other people would quickly understand how to use this FMDB database.      
8 I found this FMDB database confusing.      
9 I felt very confident using the FMDB database      
10 I needed to learn a lot of things before I could get going with the FMDB database.      

 



 
 

 

Table 2. Literature extraction results for requirements gathering 

No Article Species/ Sample 
Data Fields Features 

Benchmark 
included The Objective 

a b c d e f g 1 2 3 4 5 6 7 8 Yes No 

1 (Sakurai et al., 2023) 
Food, Plant, and Thing 

metabolite 
√ √ √ √ √   √ √ √ √      √ Create a database for comparison in determining components based on their metabolite similarities. 

22 (Neveu et al., 2023) Human gut microbial √ √ √  √ √     √ √    √  
Develop a database on the gut microbial exposome that can be used to identify microbial metabolites 

in metabolomics datasets or to develop specific assays. 

3 (Yanshole et al., 2023) Animal √ √ √  √ √ √  √ √ √ √    √  Provides a metabolite database of various animal species. 

4 (Wishart et al., 2023) Human microbial √ √ √  √ √ √ √ √ √  √  √ √ √  
Develop a comprehensive, multi-omic, microbiome resource that connects all microbial metabolites 

to human health. 

5 (Cheng et al., 2022) 
Gut microbes (Human & 

Mouse) 
- √ √ - √ √ - - √ √ √ - √ √ - √ - 

Provides a comprehensive resource of target genes of gut microbes and microbial metabolites in 
humans and mice 

6 (Wu et al., 2022) Lung cancer metabolome √ - √ - √ √ √ - √ √ √ √ - - - √ - Provides a database of metabolites related to lung cancer 

7-9 
(Wishart et al., 2022), (Wishart et 
al., 2013), (Wishart et al., 2018) 

Human Metabolome √ √ √ - √ √ √ √ √ √ - √ - - - √ - Provides comprehensive data on human metabolome 

10 (Ara et al., 2021) Tomato - √ - √ - √ - √ √ - - - - - - - √ Provides manual curation of metabolites from 25 mature tomato cultivars. 

11 (Vivek-Ananth et al., 2021) Medicinal Fungi - √ √ - √ √ √ √ √ √ √ √ √ - - √ - Provide secondary metabolites and therapeutic uses of medicinal fungi. 

12 (Jones et al., 2021) Cyanobacteria - √ √ - √ - - - - √ - √ - - - - √ 
Provide a comprehensive, publically-accessible database detailing cyanobacterial secondary 

metabolites 

13 (Gil-De-la-fuente et al., 2021) Aspergillus - - √ - √ √ - √ √ √ - √ - - - - √ 
Provide a free online resource to perform metabolite annotation in mass spectrometry studies 

devoted to the genus Aspergillus 

14 (Li et al., 2020) Mulberry √ √ √ √ √ √ - √ √ - - √ √ - - √ - Provides important and comprehensive metabolome data for scientists working with mulberry 

15 (Blin et al., 2019) Microbe - √ √ √ √  √ √ √ √ √ √ - - √ √ - Provide a database that contains annotations for full bacterial genomes and bacterial draft genomes. 

16 (Karu et al., 2018) Human fecal √ √ √ √ - √ √ √ √ √ - √ - - - √ - Provides comprehensive data on the human fecal metabolome and the methods to characterize it. 

17 (Huang et al., 2018) Pseudomonas aeruginosa - √ √ - - √ - √ √ √ √ √ - - - √ - Develop a searchable, richly annotated metabolite database specific to P. Aeruginosa. 

18 (Xu et al., 2017) Metabolite disease √ √ √ - √ √ √ √ √ √ - √ - - √ - √ Develop a resource of associations between metabolic diseases and biomolecules. 

19 (Vadlapudi et al., 2017) Aspergillus genus √ √ √ - - √ √ √ √ √ - √ - - - - √ Provide a curated compendium of information on Aspergillus & its secondary metabolome. 

20 (Ramirez-Gaona et al., 2017) 
Yeast (Saccharomyces 

cerevisiae) 
- √ √ - √ √ - √ √ √ - √ - √ - √ - 

Provide a database containing extensive information on the genome and metabolome of 
Saccharomyces cerevisiae. 

21 (Blin et al., 2017) 
Microorganism secondary 

metabolites 
- √ √ √ √ - - √ √ √ - - - - √ √ - 

Developed the antiSMASH database to browse the bacterial genomes and perform advanced search 
queries combining multiple search criteria. 

23 
(Surendra & Cuperlovic-Culf, 

2017) 
Fusarium head blight - √ √ - √ √ √ √ √ - - - - - √ - √ 

Provide a database to determine possible targets and roles of metabolite in resistance to FBH and aid 
in the development of related synthetic antifungals. 

24 (Sud et al., 2016) Heterogeneous species √ √ √ √ √ √ - √ √ √ √ √ √ - - √ - 
Provide a public repository for metabolomics metadata and experimental data spanning various 

species. 

25 (Fukushima et al., 2014) Arabidopsis √ √ √ - √ √ - √ √ √ √ - √ - - - √ Developed the Metabolite Profiling Database for Knock-OutMutants in Arabidopsis (MeKO). 

26 (Deborde & Jacob, 2014) Plant √ √ √ - √ √ - √ √ √ - - √ - - √ - Provide a platform for plant H-NMR metabolomic profiles. 

27 (Lu et al., 2014) Marine bacteria √ √ √ - √ - √ √ √ - √ - √ - √ - √ 
Develop a chemical fingerprint database of marine bacteria based on their secondary metabolite 

profiles. 

28 (Guo et al., 2013) Escherichia coli √ √ √ - √ √ √ √ √ √ - √ - - - √ - Develop a comprehensive annotated metabolomic database of E. Coli. 

29 (Nakamura et al., 2013) Plant √ √ √ - - √ - √ √ √ - - - - - - √ 
Develop a database containing three–dimensional (3D) structures of all of the plant metabolic 

compounds. 

Notes: Data fields: a. Sample-specific localization (tissue specificity and taxonomic relationships), b. Visualization for the data (mass spectral, chart, and coverage of the metabolite peaks), c. Ion/metabolite information, d. 
Retention time, e. Treatment (analytical method, test equipment, sample treatment, etc), f. MetaboCard (Concentration/ quantity page), g. Association with disease.  
Features: 1. Browse, 2. Search (more specific search), 3. Download data or figure, 4. Comparison visualization, 5. Bibliographic reference, 6. Upload data (for comparison with the existing data), 7. Auto-suggest search, 8 
Clustering data (Tree browser, map, histogram). 
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business logic and functionality. The website consists of 
a front end and a back end. The back-end website 
consists of administrator pages and search pages that 
can be accessed only by registered users (data curator). 
The data curator's task is to perform the CRUD (Create, 
Read, Update, Delete) operations for the fish metabolite 
data. The front-end page is designed for users to find 
related information about the fish metabolite database. 
On these pages, users can use simple and advanced 
search. 

Advanced search functionalities are search 
features that allow users to filter, sort, or narrow search 
results based on two categories. FMDB advanced search 
provides an option to search based on specific species 
names or metabolite names. This aims to improve the 
accuracy and relevance of search results according to 
user needs. The advanced search interface can be seen 
in Figure 3. 

The front-end web user interface consists of HTML, 
CSS, and JavaScript code. The data is managed using the 
database management system MySQL 
(https://www.mysql.com/). It is responsible for 
managing data storage, retrieval, and manipulation to 
perform CRUD operations. The front-end and the back-

end interface design can be seen in Figure 4. and 
Figure 5. 

A total of 91 fish metabolite datasets have been 
successfully input into the database. The unique 
datasets from each research sample is stored in a data 
field, that in some databases are analogous to 
MetaboCard (Deborde & Jacob, 2014). FMDB adopts 
this concept by creating a data field with a unique ID for 
each datasets. The limited number of datasets will 
continue to be developed by considering data curated 
from the literature. Several studies have demonstrated 
the development of a metabolite database sourced 
from the literature. Further research is needed to review 
potential data availability and appropriate data 
extraction techniques. This may also generate the need 
to add the required data fields. 
 
Evaluation of FMDB 
 

Functionality tests show that all assigned tasks run 
successfully. Tasks that were successfully carried out 
were creating an account, managing fish species data 
(add, change, and delete), managing metabolite type 
data (add, change, and delete), adding metabolite 

 

Figure 3. Advanced search of the FMDB user interface. 

 

 

Figure 4. The front end of the FMDB user interface. 
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quantity data, and searching for species and metabolites 
on the front page and back end page. This test ensures 
that all the expected functions are running well and that 
the database can be used according to the specified 
requirements. 

Usability testing carried out by ten students from 
the fisheries faculty using the SUS questionnaires gave 
an average score of 70.5, higher than the set standard of 
68 (Sharfina & Santoso, 2016). The evaluation results 
indicate that FMDB can be used effectively, efficiently, 
and satisfactorily by users. The final part of the 
evaluation also provides an optional question column 
that accommodates the obstacles faced by users in 
using FMDB. The obstacle faced by users in managing 
metabolite data is the input of metabolite structures in 
the form of images. Reference metabolite data from 
existing databases such as PubChem and HMDB is very 
useful and needs to be complemented in further 
development. 
 

Discussion 
 

The adoption of data fields and features in the 
FMDB considering the suitability of the available fish 
metabolite data. The features and data fields are 
discussed simultaneously as both of them are 
interrelated. Sample-specific localization data fields are 
available on metabolite databases in humans, animals, 
and plants. Specific information regarding the location 
of the research sample (skin tissue, blood, etc.) will 
produce accurate data. In some databases, this field is 
also used as a specific search feature. In this study, 
where data is still limited to tissue samples, this field has 
not appeared in specific searches. However, the sample-
specific localization data fields are provided (Deborde & 
Jacob, 2014; Wishart et al., 2022; Yanshole et al., 2023). 

Some databases also present the data in visual 
form, image, or graph. Mass spectral is visual data that 

shows metabolite peaks produced by a UV-Vis 
spectrophotometer (Thermo Scientific Multiscan GO 
200-800 nm) and Nuclear Magnetic Resonance (NMR). 
Data is also displayed in chart form to show the 
comparison of metabolite composition. Retention time 
data is also presented in graphical form to make it easier 
to compare one metabolite data with another (Sakurai 
et al., 2023).  FMDB implements data visualization by 
providing mass spectral images. While the current 
database includes basic visualization images, future 
research could focus on enhancing interactive data 
exploration features. Implementing dynamic 
visualization tools like heat maps, interactive tables, and 
real-time filtering would allow users to analyze data 
more intuitively and gain deeper insights. Additionally, 
integrating web-based visualization frameworks could 
improve user engagement and facilitate pattern 
recognition within large datasets. These improvements 
would make the system more versatile and user-friendly 
for a broader range of applications." 

Several databases provide detailed metabolite 
information by referring to various existing databases. 
Databases that are widely referenced include PubChem 
Compound released by the National Library of Medicine 
and HMDB released by the Canadian Institutes of 
Research. Hyperlinks are provided to refer directly to 
detailed information on metabolite compounds 
(Wishart et al., 2023). 

Metabolite data in humans and animals is closely 
related to disease. Previous database developments 
have provided specific data fields related to disease 
relationships (Vivek-Ananth et al., 2021; Wishart et al., 
2023; Wu et al., 2022; Yanshole et al., 2023). In FMDB, 
this data field can be used not only concerning fish 
disease but also for deviations caused by chemical 
contamination. 

These data fields are presented with features on 
the user interface that make it easier to retrieve the 

 

Figure 5. The back end of the FMDB interface. 
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data. The advanced features support the approximate’ 
text queries utilizing tolerance and re-interpretation the 
typographical errors and mis-spellings. In some 
databases, browsing is also facilitated by data clustering  
(Blin et al., 2017; Wishart et al., 2022; Xu et al., 2017). 

Some databases also provide a feature for 
downloading raw data, either in images or in other 
formats such as .csv and .xlsx (Cheng et al., 2022; 
Wishart et al., 2022; Wu et al., 2022; Yanshole et al., 
2023). FMDB provides mass spectral images that can be 
downloaded by users. Comparing user data with 
available data is also a feature that has been developed 
previously. This is useful for various purposes, such as 
species identification and biomarker research. For this 
purpose, user data upload and data comparison 
visualization features are generally supported (Cheng et 
al., 2022; Huang et al., 2018; Neveu et al., 2023; Sakurai 
et al., 2023; Yanshole et al., 2023). This feature also 
requires quite large data involving a machine learning 
process. 

The curation of data from the literature supports 
the collection of required data. The resulting data is 
linked to each bibliographic reference source. This 
provides significant input in the development of the 
FMDB. The limited data on fish metabolites in this study 
need to be enriched with data from the literature. 
Further research related to literature-based data 
development needs to be carried out. 
 

Conclusions 
 

FMDB, a database for managing fish metabolite 
data, has been developed with requirements obtained 
from a literature review. The extraction of literature 
presents seven data field groups and eight features. A 
deeper exploration of benchmarking and taking into 
account limited research data, this study selects which 
requirements are implemented in the initial prototypes 
which cannot yet be adopted are proposed for further 
development. 

The FMDB implementation is in the form of a web-
based application that consists of two interfaces, 
namely front-end for general users and back-end for 
data curator users. The features provided are adequate 
for managing and retrieving fish metabolite data. The 
evaluation has also shown good results in terms of 
functionality and usability. The functionality test shows 
that all requirements have been running well, as well as 
the usability test which gives a score of 70.5 above the 
standard SUS score of 68. Thus, it is hoped that this 
database will be useful for various research in the 
fisheries field. 

FMDB still has opportunities for further 
development. The development of a database that 
combines the results of data extraction from related 
literature needs to be considered as subsequent 
development. This can expand data from research that 
has been conducted previously. More extensive data 
mining and the use of natural language processing (NLP) 

of text references need to be implemented for this 
purpose. Expanding the dataset can support advanced 
analyses that involve developing analytical capabilities. 
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