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Abstract

Lee, Seo Yeon

Graduate School of Life Sciences

Genetic Engineering Major

Seoul National University

Analyzing metabolomics data comes with a step of inputting 

the raw data into metabolomics data analyzing tools or software, in 

which the tools would analyze the data to produce the most optimal 

results of one’s choice. But considering the fact that there are 

countless number of metabolomics data analysis tools out there, 

which ones are the most suitable tools to use for different cases of 

metabolomics data analysis, and which ones are the easiest tools to 

work with? This study focuses on compiling the names of the 

various types of metabolomics data analysis tools used in other 

dissertations, trimming down the list of tools to figure out which of 

them were used the most, and analyzing the strengths and 

limitations of each of the tools have, finally to evaluate which one of 

them is the “best” tool for different cases. Total of 47 papers 

were compiled initially, in which 8 of them were removed that had 

the Impact Factor (IF) of less than three, and the remaining 39 

papers were sorted out by the metabolomics data analysis tools that 

the authors used. Out of the list of tools, two of the tools that were 

the most frequently cited were noted (i.e., MetaboAnalyst and 

SIMCA), as well as the third tool that was recently developed (i.e., 

Metaboseek) and their advantages and disadvantages were analyzed 
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thoroughly by manually inputting data and observing the results that 

those tools produced. This study was performed in the hopes that 

researchers who wish to analyze their metabolomics data would 

understand which tools are the most optimized tools for their 

research.

Keywords: Metabolomic data analyzing tool, MetaboAnalyst, SIMCA, 

METABOseek, PCA, PLS-DA

Student Number: 2019-20005
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Chapter 1. Introduction

1.1. Study Background

One of the highly crucial steps in research is not only 

obtaining data from experiments, but also to be able to analyze data 

to confirm they are feasible to be used and produce results and 

conclusions out of them. Although acquiring data from experiments 

is the job to be done by researchers, inputting and producing results 

with those data is done with data analysis tools. It is up to the 

researchers to decide whether the analyzed data from the tools is 

reasonable and is parallel to their thesis. However, it is highly 

crucial to use the “best” and the most “suitable” tool for 

analyzing metabolomics data, as each and every data are all 

different in the sense that some data may produce better results 

with one tool, and other data may produce better results with a 

different tool. Therefore, it is bottom-line necessary and 

imperative to understand the strengths and limitations of each of the 

metabolomics data analysis tools have and to recognize which tools 

are the best ones to work with when it comes to analyzing 

particular data.

1.2. Purpose of Research

Many of the tools are able to perform most of metabolomic data 
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analysis methods out there, because the results that every

researcher needs may be done by different analyses. For the most 

part, analyses are carried out to achieve the goal of establishing a 

conclusion of whether the sample is any significantly different from 

the control or not, as well as to justify this hypothesis. It is up to 

the researcher on which analysis to use and thus how to display 

their results from those analyses, but two of the most extensively 

used basic multivariate analyses used in metabolomics and 

proteomics are principal component analysis (PCA) and partial 

least-squares discriminant analysis (PLS-DA) [1, 2]. Both PCA and 

PLS-DA are analyses for multivariate data in that as the 

dimensional space becomes lower, they capture as much of the 

information in the data [2]. However, the main difference is that PCA 

is an unsupervised method of analysis where the information of 

each group of samples is unknown. PLS-DA, however, differs from 

PCA in that it is a supervised method of analysis that the 

information of each group of samples is supplied [3]. PCA is a 

convenient analysis when it comes to grouping data points with 

unknown information, whereas PLS-DA is more efficient when 

segregating data points under the circumstance that the group 

information is given. Therefore, this study focused primarily on 

easiness of the procedure done by the tools for acquiring the PCA 

and PLS-DA results from data, any limitations one may face when 

attempting to use other analyses, and lastly any practical 

complications that one may come across when installing or using 

such tools. This is carried out by first obtaining various papers from 
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PubMed Advanced with multiple relevant keywords such as 

“metabolomics,” “metabolites,” “PCA,” “PLS-DA,” and so 

on. Some of the searched papers that are to be removed are due to 

the fact that they did not fit into our criteria of selecting suitable 

papers – those are, firstly, the papers must be in English language; 

secondly, the link to a paper must be available (i.e., if the page from 

PubMed did not contain the link to its paper, then it is not readable);

thirdly, if the same paper gets searched up twice or more, then it is 

only counted as once; fourthly, the papers must be research papers, 

meaning review papers are out of the question; and lastly, the 

journal impact factor, or impact factor (JIF, IF) of the papers must

be at least three.

PubMed Advanced Search was chosen as the main reliable 

resource as a search engine for screening for research papers

among other search engines. The reasons as to why it was chosen 

are because first of all, Advanced Search for any search tool is a 

good choice in finding dissertations of your own taste only using

few keywords. Among many search engines, PubMed is one of 

engines that provides the most numbers of papers with the vastest 

types of categories [4]. Secondly, PubMed is a free and publicly 

available resource that covers biomedical literature and highly 

authoritative. Printed literatures are readily and continuously 

updated, as well as online literatures that are in a early version 

before print publication by various journals.

Organizing the compilation of all the journals into categories 

of the types of metabolomic data analysis tools they used to 
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produce a table, would aid in understanding which types of tools 

have been used the most widely, and be able to compare the most 

frequently used tools for their strengths and weaknesses in terms 

of the easiness of creating PCA and PLS-DA plots from data,

capabilities of each tools to perform any other analyses, and lastly, 

any practical limitations in installment or usages of such tools.

Chapter 2. Methods
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2.1. PubMed Advanced Search

PubMed Advanced Search 

(https://pubmed.ncbi.nlm.nih.gov/advanced/) was used to search for

literatures related to metabolomic data analysis and tools for 

analyzing those data. This was done by looking up several specific 

keywords on PubMed Advanced Search, placing “Date –

Publication: 2018/01/01 to present,” and “Article Type: Books 

and Documents, Clinical Trial, Meta-Analysis, Randomized 

Controlled Trials” as defaults and adding various other keywords 

such as “Metabolomics” or “Metabolites” on “Title” query, 

and “metabolomics data,” “metabolites,” “principal component 

analysis (PCA),” or “partial least squares-discriminant analysis 

(PLS-DA)” on the “Title/Abstract” query, or in combination of 

these keywords. The number of dissertations that results from 

entering these keywords is sixty-two. To further trim down the 

number of results, papers with impact factor (IF) lower than three 

have been removed, which in final came down to forty-one papers.

2.2. Metabolomics Data on MetaboAnalyst for 

Analysis

The website that leads to Metaboanalyst is 

https://metaboanalyst.ca/, and once entered, the button “Click here 
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to start” leads to the main modules to data analysis. There are

thirteen modules in total, but in our lab, we primarily use 

“statistical analysis [one factor]” module that offers various 

commonly used statistical and machine learning methods including 

PCA and PLS-DA. It also provides clustering and visualization tools

to create dendrograms and heatmaps as well as to classify data 

based on random forests and SVM. Clicking the “statistical 

analysis [one factor]” module we are introduced with the data 

upload page, and once uploading the data (or alternatively “test 

data” can be inputted; usually in our lab we obtain MS peak 

intensity data, so data of “MS peak intensities” can be selected 

for data analysis), click “submit” on the bottom of the page. This 

leads to “data integrity check” page where we are able to check 

for integrity of our data, as well as edit label for our groups. When 

all the groups were edited, continue on by clicking “proceed”

button which leads us to “data filtering” page. This page 

identifies and removes variables that are unlikely to be of use when 

modeling the data. After reading how to filtering data works and 

which data filter should be chosen, click “submit” and then 

“proceed.” Now we are shown with “normalization overview”

page, and once sample/data normalization with data scaling is 

applied after reading their definitions, click “normalize” (in our 

lab, we use “normalization by median,” “log transformation,”

and “Pareto scaling”). You can view result after these 

normalizations by clicking “view result.” Once you are sure your 

data have been normalized and scaled to your taste, click 
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“proceed” to get to the final page where we choose which 

analysis methods we want to apply to our normalized data. There 

are various analysis methods to use, but our lab mainly focuses on 

PCA and PLS-DA. By clicking PCA, we are led with the main 

overview visualization of the data, scree plot, 2D scores plot, 

loadings plot, synchronized 3D plots, and biplot. Each plot we can 

tweak our visualization of data for our research. The same goes for 

PLS-DA, where it shows the same kinds of plots except there are 

three more plots, which are importance measures, cross validation, 

and permutation.

2.3. Metabolomics Data on SIMCA for Analysis

SIMCA can be downloaded from the website 

“https://www.sartorius.com/” either by trying their free trial 

(“SIMCA Free Trial Download”) or buying their program right 

away (“Buy Now”). By entering your information on the bottom of 

the download page, you are led to the program download page, and 

once you click the “Download” button, the program starts 

downloading. When finished, the SIMCA 64-bit zip file first has to 

be unzipped to install the “SIMCA_17_0_2_x64_Setup” program. 

Installing this program opens up the SIMCA tool, and clicking 

“Regular Project” on the “Start” menu would guide you into 

another windows that asks you to upload your data. SIMCA can only 

understand when the sample names and labels are on columns, and 
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variables on rows. If the data table is written the other way around, 

“transpose” under the “Edit” tab would transpose the raw data 

table. Sample names on the first column and variables on the first 

row are marked as “Primary ID,” and the labels on the second 

row are identified as “Secondary ID.” After assigning Primary ID 

and Secondary ID, and once no issues were found, clicking “Finish 

Import” button would import the data into SIMCA program which 

leads to the imported file saving window into the designated 

Desktop file. Once the data has been pasted onto the SIMCA 

program, data could be modified using the tabs on the top row. This 

automatically opens a new window called “Project Window” that 

already produced a PCA-X <Unfitted> model, and clicking 

“Autofit” under “Home” tab would “fit” this PCA model. 

This opens up “Summary of Fit” window that shows the number 

of components with R2 and Q2 as bar graphs. Right-clicking the 

active model in the Project Window and then clicking “Edit Model 

#” leads to “Dataset” window where log transform can be 

applied under “Log” tab after selecting all the variables and 

clicking “Set” button, and pareto scaling (Par) in “Set Scaling”

after selecting all the variables and clicking “Set all” which is 

found under “Scale” tab. This needs data fitting, and this can be 

done again by clicking “Autofit” under the “Home” tab. PLS-

DA can be obtained by right-clicking the PCA-X model and then 

“New as Model #.” On the “Observations” tab, designate class 

to each of the samples according to different labels (i.e., secondary 

ID), and on the bottom of the window “Model type” can be 
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chosen such as PLS-DA. This PLS-DA also need to be fitted by 

clicking “Autofit”.

For both PCA and PLS-DA created with SIMCA can be 

displayed as basic 2D scatter plots, loading line plots, score column 

plots, as well as score scatter 3D plots. The same goes for loadings 

plots, and the variable importance in projection (VIP) plot (only for 

PLS-DA), which are all found in “Scores,” “Loadings,” and 

“VIP” all under the “Home” tab.

2.4. Metabolomics Data on Metaboseek for Analysis

Metaboseek can be either downloaded from or exists in 

web-based version on https://metaboseek.com, and once installed, 

it opens up the Metaboseek window. However, unlike online version 

of SIMCA, Metaboseek online only computes sample dataset for

practice. Installing Metaboseek opens up a new window where on 

the “Start” menu, you can upload your data either as a feature 

table, or MS data. To note, Metaboseek is only capable of 

reading .mzXML, .mzML, .cdf, .nc, and .mzData file formats for MS 

data files. For feature table data, the data table needs to be 

tabulated in such a way that samples and labels have to be written 

in rows, and variables have to be written in columns. Once data has 

been uploaded, the software directs you to “Data Explorer” menu, 

which displays “Options,” “Data viewer,” “Feature table,”

and “Feature table actions” sections. Each section allows you to 
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modify uploaded data such as “Sirius options,” “Molecular 

formula prediction,” “RT correction,” “Mass shifts,” and 

“EIC options” for “Options” section; “Data viewer” section 

shows various results from data analysis as well as changing them 

with “MS2 browser,” “PCA viewer,” “Venn diagrams,” “MS 

browser,” “Quickplots,” “Ratio plot,” “Grouped EICs,” and 

“Regroup MS data”; feature table can be viewed from the 

“Feature table” section, and in addition to this, columns from the 

table can be sorted out to one’s preference; lastly, there is 

“Feature table actions” where applying filters, analyzing tables, 

and regrouping tables are all done under this section. Under the 

“Filter table,” all of the samples were chosen for the “Sample 

intensities,” “then clocked “Apply filters.” Changes were also 

made under the “Analyze table” section, where “Use 

normalized/inputted data” was check-marked, and under the 

settings, “Normalize data” as well as “Apply log10” were also 

included. “Select control group” was WT, and “Basic analysis,”

“PCA features,” as well as “PCA samples” were added on the 

“Basic analysis” section. Clicking “Run selected analysis”

would update the feature table. Finally, by clicking “PCA viewer”

under the “Data viewer” tab, selecting “Group” under “Color 

by” would display PCA plot for WT and KO.

Chapter 3. Results
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By searching for dissertations that include metabolomic data 

analysis and the tools that were used to analyze them on PubMed 

Advanced Search and removing the ones with impact factor (IF) 

lower than three, 39 papers came up in total. All of these papers 

used different kinds of metabolomic data analysis tools, which were 

MetaboAnalyst, SIMCA, R, MATLAB, Cytoscape, SPSS, Mestrenova, 

Compound Discoverer, BioEStat, STATA, and Unscrambler X. Most 

papers used one analysis tool where some of them used two of 

these tools. The frequency of these tools being cited in the 

searched dissertations were thirteen papers for MetaboAnalyst, 

eleven papers for SIMCA, eight papers for R, four papers for 

MATLAB, two papers for Cytoscape, two papers for SPSS, one

paper for Mestrenova, one paper for Compound Discoverer, one 

paper for BioEStat, one paper for STATA, and lastly, one paper for 

Unscrambler X. The list of metabolomics data analysis tools and the 

papers that cited them are shown in Table 1.
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Tool Name Tool Description
Samples and 

Analytes Used

JIF 

(2022)
Keywords (PubMed Advanced)

MetaboAnalyst A web-based tool that supports not 

only the analysis of metabolomic 

data but also its interpretation and 

integration with other omics data
Plasma [5] 4.36

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolomics 

data

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Urine [6] 3.411

Date - Publication: 2018/01/01 

to present

Title: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial
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Urine [7] 5.429

Date - Publication: 2018/01/01 

to present

Title: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Urine [8] 4.15

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Plasma [9] 4.379 Date - Publication: 2018/01/01 
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to present

Title/Abstract: metabolomics 

data

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Plasma and fecal 

samples [10]
4.389

Date - Publication: 2018/01/01 

to present

Title: metabolites

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Plasma [11] 5.279

Date - Publication: 2018/01/01 

to present

Title: metabolomics

Title/Abstract: Partial Least 

Squares-Discriminant Analysis
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Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Exhaled breath 

condensate [12]
6.01

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Serum [13] 6.055

Date - Publication: 2018/01/01 

to present

Title: metabolomics

Title/Abstract: Principal 

Component Analysis

Article Type: books and 
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documents, clinical trial, meta-

analysis, randomized controlled 

trial

Urine [14] 5.279

Date - Publication: 2018/01/01 

to present

Title: metabolomics

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Serum from blood 

and tumor tissue

[15]

4.638

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-
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analysis, randomized controlled 

trial

cerebrospinal 

fluid [16]
4.996

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Urine [17] 3.24

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolomics

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 
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trial

SIMCA User-friendly software developed 

by Umetrics chiefly for the 

analyses of PCA and PLS 

regression
Plasma [5] 5.09

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolomics 

data

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Urine [6] 3.411

Date - Publication: 2018/01/01 

to present

Title: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Urine [7] 6.706 Date - Publication: 2018/01/01 
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to present

Title: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Plasma [18] 3.52

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolomics

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Plasma from the 

venous blood [19]
4.996

Date - Publication: 2018/01/01 

to present
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Title/Abstract: metabolomics 

data

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Fasting blood 

samples [20]
5.914

Date - Publication: 2018/01/01 

to present

Title: metabolomics

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Pleural effusion

[21]
4.996

Date - Publication: 2018/01/01 

to present

Title: metabolites

Title/Abstract: Partial Least 



21

Squares Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Serum [22] 3.14

Date - Publication: 2018/01/01 

to present

Title: metabolomics

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Serum [23] 4.93

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Partial Least 

Squares-Discriminant Analysis
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Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Serum [24] 3.828

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Plasma [25] 5.914

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 
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documents, clinical trial, meta-

analysis, randomized controlled 

trial

Serum [26] 3.364

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Cytoscape An open-source tool that 

integrates high-throughput 

expression data with biomolecular 

interaction networks
Human platelets

[27]
10.787

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolomics 

data

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 
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trial

Cerebrospinal 

fluid [28]
7.598

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolomics

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

SPSS

A statistical software that allows 

a user to dig deeper into their data 

through intuitive user interface, 

advanced data visualizations, 

automated data preparation, and 

more

Serum [13] 6.055

Date - Publication: 2018/01/01 

to present

Title: metabolomics

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial
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Plasma [18] 3.52

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolomics

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Mestrenova

A spectral data analyzing software, 

that is able to analyze various data 

such as 1H, 13C or any other 1D 

NMR as well as any 2D 

correlations, such as HSQC, HMBC, 

NOESY, COSY, TOCSY, etc.

Serum [29] 6.706

Date - Publication: 2018/01/01 

to present

Title: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

R A statistical programming that is Urine [14] 5.279 Date - Publication: 2018/01/01 
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uniquely able to handle lots of data, 

main function being linear and 

nonlinear modelling, classical 

statistical tests, time-series 

analysis, classification, clustering, 

as well as graphical techniques, and

more

to present

Title: metabolomics

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Human peripheral 

blood [30]
8.469

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Urine [31] 5.914

Date - Publication: 2018/01/01 

to present

Title: metabolites

Title/Abstract: Partial Least 
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Squares Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Pleural effusion

[21]
4.996

Date - Publication: 2018/01/01 

to present

Title: metabolites

Title/Abstract: Partial Least 

Squares Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Plasma [32] 5.914

Date - Publication: 2018/01/01 

to present

Title: metabolites

Title/Abstract: Partial Least 

Squares Discriminant Analysis
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Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Serum [33] 4.142

Date - Publication: 2018/01/01 

to present

Title: metabolomics

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Plasma [34] 4.29

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 
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documents, clinical trial, meta-

analysis, randomized controlled 

trial

Plasma [35] 7.514

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Serum [36] 7.045

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolomics

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-
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analysis, randomized controlled 

trial

Compound 

Discoverer

Developed by Thermo Fisher 

Scientific, uses chromatographic 

and mass spectra (MS) data and 

streamlines compound identification 

as well as comparative analyses, 

and provides extensive filtering and 

data visualization capabilities

Human peripheral 

blood [30]
8.469

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

MATLAB

A high-performance language 

combining computation, 

visualization, and programming for 

technical computing

Urine [37] 3.26

Date - Publication: 2018/01/01 

to present

Title: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Tissue samples 4.466 Date - Publication: 2018/01/01 
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[38] to present

Title: metabolomics

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Serum [39] 5.614

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Urine [40] 5.23
Date - Publication: 2018/01/01 

to present
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Title: metabolomics

Title/Abstract: Partial Least 

Squares-Discriminant Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

STATA

An integrated software that allows 

data manipulation, visualization, 

statistics, and automated reporting

Plasma known 

lipid metabolites a

[41]

4.614

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

BioEStat

Free software developed for 

undergraduates and graduates, and 

with easy-to-perform procedures, 

Site-specific 

supragingival 

plaque samples

6.116

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites
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able to carry out various statistical 

and graphical analysis

[42] Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Unscrambler X

Software for multivariate data 

analysis, which frequently uses 

data calibration in the application of 

analytical data and the building of 

predictive models for use in real-

time spectroscopic material 

analysis

Peritoneal dialysis 

effluent [43]
4.569

Date - Publication: 2018/01/01 

to present

Title/Abstract: metabolites

Title/Abstract: Principal 

Component Analysis

Article Type: books and 

documents, clinical trial, meta-

analysis, randomized controlled 

trial

Table 1. List of Metabolomic Data Analysis Tools in Dissertations. The dissertations with the same colors represent identical 

ones, describing a single paper has used multiple metabolomic data analysis tools. A total of 47 papers, in which 8 papers 

overlapped, thereby resulting with 39 non-overlapping papers in total.
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Figure 1. Pie chart depicting each metabolomic data analyzing tools 

and the numbers of them being cited in 39 dissertations listed 

above on Table 1.

The two most frequently cited metabolomic data analysis 

tools were MetaboAnalyst and SIMCA. A third tool had been added 

to the list, Metaboseek, as this tool was developed relatively 

recently in 2017 by Max Helf and his colleagues from Cornell 

University, to overcome the limitations of contemporary 

metabolomics data analysis tools have when it comes to analyzing 

comparative metabolomics data. These three tools were then used 

to analyze via PCA and PLS-DA a set of data obtained from an 

experiment by Saghatelian et al. Both PCA and PLS-DA were 

carried out with MetaboAnalyst, SIMCA, or Metaboseek, in which 

the plots are depicted on Figure 1. for MetaboAnalyst, Figure 2. for 

SIMCA, and Figure 3. for Metaboseek.
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(a)                          (b)

Figure 2. PCA and PLS-DA using MetaboAnalyst in 2D. (a) PCA plot

by MetaboAnalyst for data from Saghatelian et al. Wildtype (WT) 

mice for fatty acid amide hydrolase, FAAH(+/+), compared with 

knockout (KO) mice, FAAH(-/-), is shown [50]. In 2D, no 

significant difference is shown between the two groups. PCA was 

done with the module “statistical analysis [one factor]” and used

the test data for MS peak intensities from Saghatelian et al. Data 

was not filtered as the features were less than 5000, but several 

normalizations were done to the data – those were, normalization 

by median, log transformation, and pareto scaling. Applying these 

normalizations led to the 2D PCA plot shown above. (b) PLS-DA 

plot for data from Saghatelian et al. WT FAAH(+/+) compared with 

FAAH(-/-) is shown. In 2D, significant difference is shown 

between the two groups. PLS-DA plot was obtained similar to how 

PCA plot was acquired, but instead of choosing PCA at the last step, 

PLS-DA was chosen to obtain the above 2D PLS-DA plot.
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(a)                    (b)

Figure 3. PCA and PLS-DA using MetaboAnalyst in 3D. (a) 

MetaboAnalyst's PCA plot using information from Saghatelian et al. 

It is proven that wildtype (WT) mice for fatty acid amide hydrolase, 

FAAH(+/+), are different from knockout (KO) mice for FAAH(-/-

). Significant differences between the two groups are seen in 3D.

Data from Saghatelian et al. are shown in (b) a PLS-DA plot. It is 

illustrated how WT FAAH(+/+) compares to FAAH(-/-). 

Significant differences between the two groups are seen in 3D.

(a)                                    (b)

Figure 4. PCA and PLS-DA using SIMCA in 2D. (a) PCA plot by 

SIMCA for data from Saghatelian et al. Wildtype (WT) mice for 

fatty acid amide hydrolase, FAAH(+/+), compared with knockout 
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(KO) mice, FAAH(-/-), is shown. In 2D, no significant difference 

is shown between the two groups. The data table was uploaded onto 

SIMCA first, which by default gave PCA model, and by performing 

log transformation and pareto scaling on the “Dataset” window, 

then clicking on the “Scatter plot” gives 2D PCA plot. (b) PLS-

DA plot for data from Saghatelian et al. WT FAAH(+/+) compared 

with FAAH(-/-) is shown. In 2D, significant difference is shown 

between the two groups. 2D PLS-DA plot is similarly produced as 

the PCA plot, except in PLS-DA, classes are labeled under the 

“Dataset” window and then model type is changed to “PLS-

DA.”

a)                                       b)

Figure 5. PCA and PLS-DA using SIMCA in 3D. (a) PCA plot by 

SIMCA for data from Saghatelian et al. Wildtype (WT) mice for 

fatty acid amide hydrolase, FAAH(+/+), compared with knockout 

(KO) mice, FAAH(-/-), is shown. In 3D, significant difference is 

shown between the two groups. (b) PLS-DA plot for data from 

Saghatelian et al. WT FAAH(+/+) compared with FAAH(-/-) is 

shown. In 3D, significant difference is shown between the two 
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groups.

Figure 6. PCA using Metaboseek. PCA plot by Metaboseek for data 

from Saghatelian et al. Wildtype (WT) mice for fatty acid amide 

hydrolase, FAAH(+/+), compared with knockout (KO) mice,

FAAH(-/-), is shown. In 2D, no significant difference is shown 

between the two groups.

Although the same data have been inputted into the tools, each of 

the tool outputted results in different formats. Fundamentally, all 

three tools generated the same results from PCA and PLS-DA, 

however the way the data points are depicted on plots is different 

by each tool. By performing both analyses with MetaboAnalyst, 

SIMCA, and Metaboseek, these tools were compared for their 

advantages and disadvantages as to how convenient and 

easily these tools could perform data analysis, how simple and 

visually the plots are neat to look at, as well as how efficiently and 

effortlessly data manipulation could take place. Table 2. represents 

brief descriptions of these tools as well as highlighting the 
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strengths and limitations of these three tools have.
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Table 2. Strengths and Limitations of MetaboAnalyst, SIMCA, and Metaboseek

METABOANALYST

WEB-BASED, SIMPLE TO USE, AND IDEALLY SUITED FOR IN-DEPTH STUDIES, INTERPRETATION, AND 

INTEGRATION OF METABOLOMIC DATA WITH OTHER OMICS DATA

PROS CONS

WEB-BASED PROGRAM LIMITED TO BASIC MANIPULATIONS OF DATA

EASY TO WORK WITH TO THOSE WHO ARE 

UNFAMILIAR WITH CODING

COMPATIBLE WITH MULTIPLE FILE TYPES

ABLE TO PERFORM VARIOUS ANALYSES

SIMCA

USER-FRIENDLY SOFTWARE DEVELOPED BY UMETRICS CHIEFLY FOR THE ANALYSES OF PCA AND PLS 

REGRESSION

PROS CONS

FORMAT SIMILAR TO MICROSOFT EXCEL LIMITED SUPPORT FOR GLOBAL METABOLOMICS 

ESPECIALLY WITH REGARDS TO RAW DATA 

PROCESSING

MODIFYING AND FILTERING EACH INDIVIDUAL DATA MORE COMPLICATED TO WORK WITH THAN 
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OR THE ENTIRE DATASET CAN BE ACCOMPLISHED METABOANALYST

ABLE TO OBSERVE MULTIPLE PLOTS AND GRAPHS 

CONSTRUCTED FROM THE SAME DATASET AT THE

SAME TIME IN ONE SCREEN AND ABLE TO LOCATE 

EACH DATA POINTS FROM ONE PLOT TO ANOTHER

PRIMARILY MADE FOE PERFORMING PCA, PLS-DA, PLS 

DERIVATIVES

METABOSEEK

WEB-BASED TOOL THAT IS PRIMARILY USED FOR COMPARATIVE METABOLOMICS DATA ANALYSIS

PROS CONS

EXTREMELY WELL-SUITED PLATFORM FOR 

COMPREHENSIVE DATA ANALYSIS WORKFLOW, SUCH 

AS FEATURE DETECTION TO COMPOUND 

IDENTIFICATION, PARTICULARLY DESIGNED TO 

FACILITATE UNTARGETED METABOLOMICS

NOT WEB-BASED

TAKES EXTENSIVE AMOUNT OF TIME TO GET 

FAMILIARIZED WITH THE TOOL

ONLY PCA IS ENABLED FOR ANY MULTIVARIATE 

ANALYSES
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Chapter 4. Discussion

Dissertations that cited tools for metabolomic data analysis 

were searched on PubMed Advanced 

(https://pubmed.ncbi.nlm.nih.gov/advanced/) with multiple filters 

such as date of publication, article type, and multiple keywords 

being “Metabolomics” or “Metabolites” on “Title” query, 

and “metabolomics data,” “metabolites,” “principal component 

analysis (PCA),” or “partial least squares-discriminant analysis 

(PLS-DA)” on the “Title/Abstract” query, or in combination of 

these keywords. Firstly, the date of publication was set to 

2018/01/01 as journals and papers that were no more than five 

years old from now (i.e., year 2022) since publication would be up-

to-date with the technology and instruments thus the software and 

tools that are being used today. Otherwise, the papers that were 

published earlier than 2018/01/01 would have used outdated 

software and tools that researchers no longer would be able to 

perform our metabolomic data analyses with.

Secondly, the title and/or the abstract section should contain 

the words “metabolomics data” to specify on finding journals and 

papers that studied and underwent experiments regarding on 

metabolomics and obtained data from them. This cut down the 

number of journals and papers to 860 papers, however the 860 

papers that have come up were still too vague and too innumerable 

to be used for this research paper.
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This led to the third rationale to finding journals and papers, 

which was applying the filter called “Article Type” that is located 

on the left side of the PubMed Advanced Search. Under the 

“Article Type” section, there are six types of articles that can be 

chosen and filter out the rest of the articles, and the filters that

were chosen were “Books and Documents,” “Clinical Trial,”

“Meta-Analysis,” and “Randomized Controlled Trial.” The two 

articles that have been filtered out were “Review” and 

“Systematic Review,” as these articles are just the reviews on 

metabolomics and do not consist of Figures of metabolomics data 

and Methods of how the researchers used various software or tools 

to analyze the metabolomics data. Applying these types of articles 

onto the filter gave 15 results.

The number of articles that have come up is few enough, but 

out of these, the articles that were chosen were only the articles 

that contain Figures of the metabolomic data analyses, and whether 

the articles contain metabolomics data analysis software and tools 

on the Methods section. The reason as to why only these types of 

articles were chosen is because the articles must be research 

articles that truly completed research experiments to obtain such 

data, thus, the articles represented above did not fit into our criteria.

Further selecting down the number of articles using these 

keywords and filters came up with five papers, which are Liu X et al

[5], Yang M et al [9], Huang L et al [19], Lindqvist HM et al [46], and 

Kirchberg FF et al [47].

On a similar level, making a slight change on the words for 
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the “Title/Abstract” query box and searching for “metabolites”

but keeping other keywords and filters the same, we get 1,475

results. On page 3, we find a clinical trial paper by Danlos FX et al

[30]. The exceptional thing about this paper over other papers is that 

the main research of this paper is on the metabolomic analyses of 

COVID-19 patients which unravel stage-dependent and prognostic 

biomarkers. This paper focuses on the ever-growing patients of 

current pandemic disease COVID-19, as well as concerns on them. 

To top it off, this article uses two different metabolomic data 

analyzing tools which are R software and Thermo Compound 

Discoverer.

When analyzing metabolomics data, the fundamental 

analyses that are performed are principal component analysis 

(PCA) and partial least squares-discriminant analysis (PLS-DA) 

by default. Therefore, the preferred metabolomics data analyzing 

tools must be able to perform these analyses and thus to find any 

journals and papers on PubMed Advanced Search tool that included 

the data of these analyses, the keywords that were added were

“principal component analysis” on the “Title/Abstract” query 

and “metabolites” on the “Title” query. Still keeping the 

publication date and the article type filters the same, four results

come up. all of these four papers (i.e., Esquivel A et al [37], Dos 

Santos Fechine CPN et al [29], Cao B et al [6], Dickson L et al [7]) 

were cited on this research paper as all of these papers have used 

various tools to perform PCA.

If PCA was used as a keyword to search for papers, then 
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PLS-DA should also be used as a keyword. Now to look for papers 

that implemented PLS-DA data into their research paper, changing 

words only from “principal component analysis” on the 

“Title/Abstract” query to “partial least squares-discriminant 

analysis.” This entry gave three results (i.e., Kim H et al [31], Chen 

KC et al [21], Kim H et al [32]), which were all added to the citation at 

the end. Needless to say, these three papers were chosen because 

they contain the data from PLS-DA.

Using “metabolomics” instead of “metabolites” as the 

keyword for the “Title” query and using “principal component 

analysis” in the “Title/Abstract” query but keeping other filters 

the same, three results from Peng ML et al [22], Renai L et al [33], 

and Lijing W et al [13]. come out. As mentioned before, 

“metabolomics” as the keyword was entered since this research 

paper is dealing with metabolomics and the data from experiments 

on metabolomics. The three papers that came up have also been 

added to the list.

Like so, only modifying the keyword from “principal 

component analysis” to “partial least squares-discriminant 

analysis” for the “Title/Abstract” query came up with seven 

papers, in which one of them is redundant (i.e., Peng ML et al [22]). 

Therefore, six papers (i.e., Bejder J et al [40], Wang PS et al [11], 

Debik J et al [38], Xu D et al [20], Quartieri E et al [44], Madrid-

Gambin F et al [14]) counted into the citation.

More papers were to be found if we put the keyword 

“metabolites” into the “Title/Abstract” query instead of the 
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“Title” query, as well as “principal component analysis” in the 

“Title/Abstract” query. Other filters were again kept the same, 

and now we are introduced with sixteen research papers. Out of 

these sixteen results, five of them have no articles attached on the 

website, therefore they were discarded. Similarly, out of the rest 

eleven results, five same results also come up when other 

keywords, and they are again disregarded as they are redundant. 

Final six results have been added onto my citation list (i.e., 

Nascimento MM et al [42], Grunert T et al [43], Romo-Hualde A et al

[8], Pigsborg K et al [39], Razquin C et al [41], Chatterjee R et al [34]).

Like so, entering the keywords “metabolites” and 

“partial least squares-discriminant analysis” onto the 

“Title/Abstract” query but not changing any other filters gives

twenty-three results. From the twenty-three articles, one article 

did not contain the relevant article, and thirteen articles were again 

repetitive, and could be discarded. Remaining eight article papers in 

total were added onto the citation, which were Metwaly S et al [23], 

Paris D et al [12], Marques JG et al [48], Lende TH et al [15], Jang HH 

et al [35], Pan X et al [16], Zhao S et al [25], and Park SA et al [26].

Now, switching the keyword from “metabolites” to 

“metabolomics” onto the “Title/Abstract” query and adding 

“principal component analysis” onto the same query, again 

keeping other filters the same, fourteen papers were obtained. Out 

of these, three of the papers again do not have the relevant articles 

attached, and eight of them also come up again when other 

keywords are looked up. Therefore, only three articles are new 
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articles, which are Hagos FT et al [28], McNairn M et al [17], and Luo 

Y et al [18].

Similarly, keeping the “metabolomics” on the 

“Title/Abstract” query but changing the “principal component 

analysis” to “partial least squares-discriminant analysis,” we 

are shown with twenty-four resulting papers. One paper has no 

related article paper attached, and twenty papers were repeated 

papers. The rest three articles (i.e., Ulven SM et al [36], 

Jangsiripornpakorn J et al [49], Braga DPAF et al [45].) were relevant 

to the research.

Relevant papers were also looked up by switching 

“principal component analysis” or “partial least squares-

discriminant analysis” as the “Title” query and either 

“metabolomics” or “metabolites” as the “Title/Abstract”

query but not rendering any other filters, however no article papers 

have come up at all, which finalizes the list of relevant papers.

This results to 45 papers in total in the citation list, which is 

too many thus it must be shortened down by removing the papers 

with impact factors (IF) less than three. The reasons as to why IF 

less than three was chosen were because firstly, it was concluded

that the journals Metabolites and Metabolomics must be kept on my 

list as they contain all the metabolites and metabolomics data, and 

are crucial to my research. The IF of Metabolites is 4.754, and that 

of Metabolomics is 4.29. Secondly, If the cut-off score was chosen 

for IF less than four (to retain the journals from Metabolites and 

Metabolomics) then most of the journals must be removed as many 
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of them have IF less than four. However, journals with IF two have 

too little significance, and thus journals with higher than IF three 

have been chosen to be kept in the citation list. This leaves with 

thirty-nine papers.

The 39 papers were tabulated according to the data analysis 

tools they used, which reveals the number of times each tool has 

been cited; out of the eleven tools, two tools that were used the 

most came out to be MetaboAnalyst and SIMCA. Both of the tools 

were very different as to how they were installed, where 

MetaboAnalyst was web-based as opposed to SIMCA which was an 

installable software from the website of the company. Besides this, 

MetaboAnalyst guides step-by-step as to how to perform analyses 

of one’s preference, whereas SIMCA allows freely to manipulate 

data – much like Microsoft Excel. Therefore, MetaboAnalyst is 

extremely easy and simple to produce results from one’s data just 

by following the instructions on the website. SIMCA is slightly more 

complicated to work with, but allows a more fluent manipulation of 

both individual data and entire dataset than MetaboAnalyst. It is 

able to display multiple plots and graphs all in one screen as well as 

able to locate each data point from one plot or graph to another, 

which allows users to easily pinpoint which data point from one plot 

appears on other plots and/or graphs.

MetaboAnalyst also covers extremely vast numbers of types 

of analyses other than PCA and PLS-DA, and since manipulation of 

data is designed as step-by-step approach, there is no difficulty 

following them – however because MetaboAnalyst only allows basic 
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data manipulation performance, this limits from accomplishing more 

complicated processing of data. Usually, these basic manipulations 

of data are sufficient for data analysis results, but if a user wish to 

carry out more complex process of data, then they may find it hard 

to do so. MetaboAnalyst typically permits a user to perform various 

types of analyses, but with basic data manipulation options.

SIMCA, on the other hand, is designed to perform 

multivariate data analyses especially PCA, PLS-DA, oPLS-DA, 

o2PLS, PLS, and PLS-Tree. It is specific to these analyses such as 

PCA and PLS-DA derivatives, therefore there are more you can do 

in terms of data manipulation. Data processing is more detailed 

although one needs to get familiarized with the tool first before 

actually carrying it out, because SIMCA is formatted in such a way 

that is somewhat difficult to locate the data processing toolbox.

SIMCA is opposite to MetaboAnalyst in that it only covers a small 

number of types of analyses, but the data processing and 

manipulation parts are highly sophisticated and very detailed.

Metaboseek is the third tool added to the list of the most 

widely used tools after MetaboAnalyst and SIMCA. This tool had 

been also considered upon with the two previous tools because 

although it has not been cited on the dissertations, it is relatively 

recently developed and is still currently being updated thus 

Metaboseek has not been widely applied on data analyses by 

researchers yet, therefore there are very few papers on the usage 

of Metaboseek. Metaboseek seems to be more of a tool that 

analyzes mass spectra peaks, but also be able to generate PCA (but 
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not PLS-DA) plot using raw data. Because it is specialized in 

decrypting mass spectra and their corresponding molecular 

formulae, data manipulation and processing with Metaboseek is very 

limited, more limited than MetaboAnalyst is. It does produce PCA 

plots, but very little a user is able to tweak with data.

Purchasing the tools is another problem. It seems that both 

MetaboAnalyst and Metaboseek are free to use, however for 

SIMCA there is only a free 30-day trial until official purchase need 

to be made in order to continue using it. If one weighs more on the 

purchasing of tools upon choosing the “best” tool, then either 

MetaboAnalyst and Metaboseek may be better choices than SIMCA

is.
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Chapter 5. Conclusion

Researching through the dissertations that have used tools 

to analyze their metabolomics data have led to the creation of 

lengthy list of metabolomics data analysis tools, with MetaboAnalyst 

and SIMCA being two of the most commonly used tools by 

researchers. Metaboseek had been added to the list since it is a tool 

that has come out relatively recently and is still currently being 

developed, therefore it has not been widely known by other 

researchers yet and it is considered to be rapidly growing to 

become one of the frequently used tools. Evidently there are 

strengths as there are weaknesses to each of those three tools, and 

understanding those points and choosing the most favorable and 

desirable tool of one’s choice for their particular data is intended 

to produce the best results from one’s data. It is never the right 

thing to say which tool is the right and the best tool for any 

metabolomics data analysis, but it is certainly safe to say that 

although there are a number of tools that are popularly used among 

researchers more than other tools, each and every tool including 

the tools that were seldomly cited or even the tools that were not 

cited on this research at all, researchers may find them also useful

for their own study which means that these are not tools of a poor 

quality at the least. Therefore, it can be concluded that each and 

every metabolomics data analyzing tool, although some of them are 

preferred by many researchers, has its own strengths and is highly 
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possible for some researchers would not choose the tools that 

majority of people use, depending on the types of results they 

would like to compute out from inputting their data, as well as their 

preferred tool formats.
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Abstract

대사체학 데이터를 분석하는 것은 그 대사체학 데이터를

분석하는 도구나 소프트웨어에 입력하는 단계로서, 그 도구는 그

데이터를 분석하여 가장 최적의 결과를 생성한다. 하지만 대사체학

데이터 분석 도구가 무수히 많다는 사실을 고려하였을 때, 다양한

대사체학 분석의 성향을 보아 어떤 대사체학 도구가 가장 적합한

도구이고, 작업하기 제일 쉬운 도구는 무엇일까? 본 연구는 다른

논문에서 사용된 다양한 대사체학 데이터 분석 도구를 수집하고, 가장

많이 사용된 도구들을 간추려서 그 간추려진 도구들이 가지고 있는

장단점을 분석하여, 마지막으로 그 도구들 중 각 사례들에 어떤 도구가

“최고의” 도구인지 평가하는 것에 중점을 두고 있다. 총 45 편의

논문이 초기에 편집되었으며, 그 중 impact factor (IF) 가 3 미만인 15 

편을 제거하고 나머지 논문을 정리하여 어느 대사체학 데이터 분석

도구를 썼는지 분류하였다. 도구 목록 중 가장 많이 인용된 두 가지

도구 (MetaboAnalyst 와 SIMCA) 와 최근에 개발된 세 번째 도구

(Metaboseek)를 언급하고 장단점을 철저히 분석하고, 마지막으로 직접

데이터를 입력하여 해당 도구가 생성한 결과를 관찰하였다. 이 연구는

대사체학 데이터를 분석하고자 하는 연구자들이 본인의 연구에 가장

최적화되고 “최고인” 도구가 무엇인지 이해하기를 바라는 차원에서

수행되었다.
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Supplementary Materials

Tool Name Tool Description

Samples and 

Analytes that were 

Used

JIF 

(2022)

Keywords 

(PubMed 

Advanced)

MetaboAnalyst

A web-based tool 

that supports not 

only the analysis of 

metabolomic data 

but also its 

interpretation and 

integration with 

other omics data

Plasma [5] 4.36

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 

metabolomics data

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial
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Urine [6] 3.411

Date - Publication: 

2018/01/01 to 

present

Title: metabolites

Title/Abstract: 

Principal 

Component 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Urine [7] 5.429
Date - Publication: 

2018/01/01 to 



６６

present

Title: metabolites

Title/Abstract: 

Principal 

Component 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Urine [8] 4.15

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 
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metabolites

Title/Abstract: 

Principal 

Component 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Plasma [9] 4.379

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 

metabolomics data
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Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Plasma and fecal 

samples [10]
4.389

Date - Publication: 

2018/01/01 to 

present

Title: metabolites

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 
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controlled trial

Plasma [11] 5.279

Date - Publication: 

2018/01/01 to 

present

Title: 

metabolomics

Title/Abstract: 

Partial Least 

Squares-

Discriminant 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 
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controlled trial

Exhaled breath 

condensate [12]
6.01

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 

metabolites

Title/Abstract: 

Partial Least 

Squares-

Discriminant 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 
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controlled trial

cord serum samples

from newborns at 

the time of delivery

[44]

2.07 

(2021)

Date - Publication: 

2018/01/01 to 
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Title/Abstract: 
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Squares-

Discriminant 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 
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controlled trial

Serum [13] 6.055

Date - Publication: 

2018/01/01 to 

present

Title: 

metabolomics

Title/Abstract: 

Principal 

Component 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial
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Urine [14] 5.279

Date - Publication: 

2018/01/01 to 

present

Title: 

metabolomics

Title/Abstract: 

Partial Least 

Squares-

Discriminant 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial
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Serum from blood 

and tumor tissue [15]
4.638

Date - Publication: 
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Title/Abstract: 
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Squares-
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Analysis
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analysis, 

randomized 
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cerebrospinal fluid

[16]
4.996

Date - Publication:

2018/01/01 to 
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Title/Abstract: 
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Title/Abstract: 

Partial Least 

Squares-
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Analysis

Article Type: 

books and 
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trial, meta-

analysis, 
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Urine [17] 3.24

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 

metabolomics

Title/Abstract: 

Principal 

Component 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 
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controlled trial

Serum samples [45] 2.56 Date - Publication: 
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2018/01/01 to 

present

Title/Abstract: 

metabolomics

Title/Abstract: 

Partial Least 

Squares-

Discriminant 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

SIMCA User-friendly Plasma [5] 5.09 Date - Publication: 



７８

software developed 

by Umetrics chiefly 

for the analyses of 

PCA and PLS 

regression

2018/01/01 to 

present

Title/Abstract: 

metabolomics data

Article Type: 

books and 

documents, clinical

trial, meta-

analysis, 

randomized 

controlled trial

Urine [6] 3.411

Date - Publication: 

2018/01/01 to 

present

Title: metabolites

Title/Abstract: 

Principal 
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Component 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Urine [7] 6.706

Date - Publication: 

2018/01/01 to 
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Title: metabolites

Title/Abstract: 
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Component 

Analysis
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Article Type: 

books and 

documents, clinical 

trial, meta-

analysis,

randomized

controlled trial

Plasma [18] 3.52

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 
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Title/Abstract: 

Principal 
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Article Type: 
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books and 

documents, clinical 

trial, meta-

analysis,

randomized 

controlled trial

Plasma from the 

venous blood [19]
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2018/01/01 to 
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Title/Abstract: 
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trial, meta-
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controlled trial

Fatty acids in 

erythrocytes and in 

plasma phospholipids

[46]

2.81

Date - Publication: 

2018/01/01 to 
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Title/Abstract: 
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Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 
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Fasting blood 

samples [20]
5.914

Date - Publication: 

2018/01/01 to 

present

Title: 
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metabolomics

Title/Abstract: 

Partial Least 
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Discriminant 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 
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controlled trial

Pleural effusion [21] 4.996

Date - Publication: 

2018/01/01 to 

present

Title: metabolites
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Title/Abstract: 

Partial Least 

Squares 

Discriminant 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Serum [22] 3.14

Date - Publication: 

2018/01/01 to 

present

Title: 

metabolomics
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Title/Abstract: 
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Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 
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Serum [23] 4.93

Date - Publication: 
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present

Title/Abstract: 
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Title/Abstract: 
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books and 

documents, clinical 
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analysis, 

randomized 

controlled trial

Serum [24] 3.828

Date - Publication: 
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Title/Abstract: 
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Title/Abstract: 
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Partial Least 
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Discriminant 

Analysis

Article Type:

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Plasma [25] 5.914

Date - Publication: 

2018/01/01 to

present

Title/Abstract: 

metabolites

Title/Abstract: 
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Partial Least 

Squares-

Discriminant 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Serum [26] 3.364

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 

metabolites

Title/Abstract: 
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Partial Least 

Squares-

Discriminant 

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Cytoscape

The open-source 

software project 

Cytoscape combines 

high-throughput 

expression data, 

various molecular

Human platelets [27] 10.787

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 

metabolomics data

Article Type: 



９０

states, and 

biomolecular 

interaction networks 

into a single 

conceptual 

framework

Cytoscape is most 

effective when 

combined with the 

vast databases of 

protein-protein, 

protein-DNA, and 

genetic connections 

that are becoming 

more and more 

accessible to 

humans and model 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Cerebrospinal fluid

[28]
7.598

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 

metabolomics

Title/Abstract: 

Principal 

Component 

Analysis

Article Type: 

books and 
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organisms

The Core program 

from Cytoscape 

offers the very 

minimum capabilities 

for network creation 

and querying, visual 

network integration 

with expression 

profiles, 

phenotypes, and 

other molecular 

states, and network 

connection to 

functional annotation 

databases

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

SPSS A statistical Fatty acids in 2.81 Date -
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software that allows 

a user to dig deeper 

into their data 

through intuitive 

user interface, 

advanced data 

visualizations, 

automated data 

preparation, and 

more

erythrocytes and in 

plasma phospholipids

[46]

Publication: 
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analysis, 

randomized 
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Analysis

Article Type:

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Mestrenova

A spectral data 

analyzing software, 

that is able to 

analyze various data 

such as 1H, 13C or 

any other 1D NMR 

as well as any 2D 

Serum [29] 6.706
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2018/01/01 to 
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Title/Abstract: 

Principal 

Component 
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correlations, such as 
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NOESY, COSY, 

TOCSY, etc.

Analysis

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

R

A statistical 

programming that is 

uniquely able to 

handle lots of data, 

main function being 

linear and nonlinear 

modelling, classical 

statistical tests, 

time-series 

Urine [14] 5.279
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more
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books and 
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trial, meta-
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randomized 

controlled trial
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blood [30]
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Title/Abstract: 

Principal 
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Analysis
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documents, clinical 
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Article Type: 
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documents, clinical 
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Partial Least 
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Compound 

Discoverer

Developed by 

Thermo Fisher 

Scientific, uses 

chromatographic and 

mass spectra (MS) 

data and streamlines 

compound 

Human peripheral 

blood [30]
8.469
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Article Type: 
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identification as well 

as comparative 

analyses, and 

provides extensive 

filtering and data 

visualization 

capabilities

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

MATLAB

A high-performance 

language for 

technical computing 

that combines 

computation, 

visualization, and 

programming

Urine [37] 3.26
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trial, meta-

analysis, 
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controlled trial

STATA

An integrated 

software that allows 

data manipulation, 

visualization, 

statistics, and 

automated reporting

Plasma known lipid 

metabolites a [41]
4.614
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analysis, 

randomized 

controlled trial

BioEStat

Free software 

developed for 

undergraduates and 

graduates, and with 

easy-to-perform 

procedures, able to 

carry out various 

statistical and 

graphical analyses

Site-specific 

supragingival plaque 

samples [42]

6.116
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Analysis
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randomized 

controlled trial

Unscrambler X

Software for 

multivariate data 

analyses, in which 

calibration of data is 

often used in the 

application of 

analytical data and 

development of 

predictive models 

for use in real-time 

spectroscopic 

analysis of materials

Peritoneal dialysis 

effluent [43]
4.569
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controlled trial

Supplementary Table 1. Table presenting all of the dissertations that were searched up on PubMed using 

specific keywords. The dissertations with the same colors represent identical ones, describing a single 

paper has used multiple metabolomic data analysis tools. The number of papers in total came out to be 

54 papers, and removing the overlapping 9 papers, the number of papers was 45 papers.
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Tool Name Tool Description

Samples and 

Analytes that were 

Used

JIF (2022)
Keywords (PubMed 

Advanced)

Metaboanalyst

A web-based tool 

that supports not 

only the analysis of 

metabolomic data 

but also its 

interpretation and 

integration with 

other omics data

cord 

serum samples at 

the time of 

delivery [44]

2.07 (2021)

Date - Publication: 
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Title/Abstract: 

Partial Least 
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Analysis

Article Type: 

books and 

documents, clinical 
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trial, meta-

analysis, 

randomized 

controlled trial

Serum samples [45] 2.56

Date - Publication: 

2018/01/01 to 
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Title/Abstract: 
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Title/Abstract: 

Partial Least 

Squares-

Discriminant 

Analysis

Article Type: 

books and 

documents, clinical 
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trial, meta-

analysis, 

randomized 

controlled trial

SIMCA

User-friendly 

software developed 

by Umetrics 

chiefly for the 

analyses of PCA 

and PLS regression

Fatty acids in 

erythrocytes and in 

plasma 

phospholipids [46]

2.81

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 

metabolomics data

Article Type: 

books and

documents, clinical

trial, meta-

analysis, 

randomized 

controlled trial

SPSS A statistical Fatty acids in 2.81 Date - Publication: 
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software that 

allows a user to dig 

deeper into their 

data through 

intuitive user 

interface, advanced 

data visualizations, 

automated data 

preparation, and 

more

erythrocytes and in 

plasma 

phospholipids [46]

2018/01/01 to 

present

Title/Abstract: 

metabolomics data

Article Type: 

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

R

A statistical 

programming that 

is uniquely able to 

handle lots of data, 

main function being 

linear and 

Plasma [47] 2.839

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 

metabolomics data

Article Type: 
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nonlinear 

modelling, classical 

statistical tests, 

time-series 

analysis, 

classification, 

clustering, as well 

as graphical 

techniques, and 

such more

books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Plasma [48] 2.67

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 

metabolites

Title/Abstract: 
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Squares-

Discriminant 

Analysis

Article Type: 
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books and 

documents, clinical 

trial, meta-

analysis,

randomized 

controlled trial

Plasma [49] 1.66

Date - Publication: 

2018/01/01 to 

present

Title/Abstract: 
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Title/Abstract: 
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Analysis

Article Type: 
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books and 

documents, clinical 

trial, meta-

analysis, 

randomized 

controlled trial

Supplementary Table 2. List of dissertations that have been removed due to their impact factors (IF) 

being less than three were tabulated. The dissertations with the same colors represent identical ones, 

describing a single paper has used multiple metabolomic data analyzing tools. A total of 7 papers, in 

which 1 paper overlapped, thereby resulting in 6 non-overlapping papers that were removed from the 

initial table (i.e., Supplementary Table 1.) and the final format could be seen on Table 1.
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a)                                b)

Supplementary Figure 1. Loadings plots of PCA and PLS-DA using 

MetaboAnalyst. (a) PCA loadings plot on MetaboAnalyst for data 

from Saghatelian et al. Wildtype (WT) mice for fatty acid amide 

hydrolase, FAAH(+/+), compared with knockout (KO) mice, 

FAAH(-/-), is shown. (b) PLS-DA loadings plot for data from 

Saghatelian et al. WT FAAH(+/+) compared with FAAH(-/-) is 

shown.

a)                                        b)

Supplementary Figure 2. Loadings plots of PCA and PLS-DA using 

SIMCA. Data from Saghatelian et al. are shown in (a) PCA loadings 

plotted on SIMCA. It is proven that wildtype (WT) mice for fatty 

acid amide hydrolase, FAAH(+/+), are different from knockout 

(KO) mice for FAAH(-/-). Data from Saghatelian et al. are shown 

in (b) a PLS-DA loadings plot. It is illustrated how WT 
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FAAH(+/+) compares to FAAH(-/-).

a)                               b)

Supplementary Figure 3. Variable importance in projection (VIP) 

plots of PLS-DA using MetaboAnalyst and SIMCA. (a) 

MetaboAnalyst VIP features for information from Saghatelian et al. 

It is proven that wildtype (WT) mice for fatty acid amide hydrolase, 

FAAH(+/+), are different from knockout (KO) mice for FAAH(-/-

). (b) VIP characteristics for Saghatelian et al. data on SIMCA. It is 

illustrated how WT FAAH(+/+) compares to FAAH(-/-). It is 

possible to zoom in to see each feature in detail.                     

b)

Supplementary Figure 4. Biplots of PCA using MetaboAnalyst and 
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SIMCA. (a) Biplots on MetaboAnalyst for data from Saghatelian et 

al. Wildtype (WT) mice for fatty acid amide hydrolase, FAAH(+/+), 

compared with knockout (KO) mice, FAAH(-/-), is shown. (b) 

Biplots on SIMCA for data from Saghatelian et al. WT FAAH(+/+)

compared with FAAH(-/-) is shown. Zooming in to observe each 

feature is available.
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