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Abstract 
Summary: We present the LipidQuant 1.0 tool for automated data processing workflows in lipidomic 
quantitation based on lipid class separation coupled with high-resolution mass spectrometry. Lipid class 
separation workflows, such as hydrophilic interaction liquid chromatography or supercritical fluid chro-
matography, should be preferred in lipidomic quantitation due to the coionization of lipid class internal 
standards with analytes from the same class. The individual steps in the LipidQuant workflow are ex-
plained, including lipid identification, quantitation, isotopic correction, and reporting results. We show 
the application of LipidQuant data processing to a small cohort of human serum samples. 
Availability and implementation: The LipidQuant 1.0 is freely available at figshare 
https://doi.org/10.6084/m9.figshare.14604969.v1 and https://holcapek.upce.cz/LipidQuant. 
Contact: Michal.Holcapek@upce.cz  
Supplementary information: Supplementary data are available at Bioinformatics online. 

 
 

1 Introduction  
Lipids are biomolecules present in all cells with a large structural diver-
sity. Lipid species can be classified into 8 main categories and numerous 
classes and subclasses, as introduced by Lipid MAPS (Fahy et al., 2009), 

together with a lipid species database containing more than 40,000 entries. 
Lipidomic analysis aims at the identification and quantitation of all lipids 
present in biological samples using MS-based methods, either standalone 

or coupled with chromatographic techniques (Holčapek et al., 2018). Li-
pid class separation approaches, such as hydrophilic interaction liquid 
chromatography (HILIC) or ultrahigh-performance supercritical fluid 

chromatography (UHPSFC), are particularly suited for lipidomic quanti-
tation, because the coelution and coionization of lipid species belonging 

to one lipid class together with an exogenous internal standard (IS) of the 
same lipid class allow the accurate and robust quantitation due to the same 
matrix effects (Liebisch et al. , 2019).  

The manual data processing for lipid identification and quantitation for 
numerous samples and hundreds of lipids is time consuming, hence an 
automation in data processing is desirable. In recent years, several open 

source lipidomic software packages were developed, e.g., Lipid Data An-
alyzer (Hartler et al., 2010), LipidMatch (Koelmel et al., 2019), and Lipid-
Creator (Peng et al., 2020), which enable the processing of LC/MS raw 

data including smoothing of background noise, peak detection, peak iden-
tification by comparing to online databases using algorithms, which con-
sider m/z values and retention times, and quantitation by relating responses 

of target analytes to representative lipid standards with known concentra-
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tion. Most of them were programmed in C or JAVA and provide visuali-
zation of peak shapes, MS or MS/MS spectra, 2D plot of m/z vs. retention 

time, molecular structure, etc. Lipid Data Analyzer performs a robust 
standardization algorithm for the correction of suppression effects, while 
LipidMatch Normalizer assumes the same ionization efficiency for the an-

alyte and IS with the closest retention time. To our best knowledge, none 
of these software tools has the overall architecture applicable for high-
throughput quantitation based on lipid class separation with HILIC-

UHPLC/MS or UHPSFC/MS including a type II isotopic correction. 

2 Results 
LipidQuant 1.0 is a Microsoft Excel based script using visual basic 

for application (VBA) as a programming language, which is applicable for 
automated processing of data from all lipid class separation approaches 

coupled with high-resolution MS. A summary table of all m/z features de-
tected for a lipid class is exported from the vendor software with the cor-
responding intensities as a txt file, which is then imported into LipidQuant 

for identification and quantitation of lipid species. Within this study, the 
MarkerLynx (Waters) was used to generate summary tables for each lipid 
class. However, other peak picking software can be used as well, as long 

as the output file contains m/z features in the first column with the heading 
“m/z” followed by individual samples containing the intensities or other 
quantitative measures for each m/z feature (see example in ReadMe file). 

The general structure of LipidQuant is based on different table sheets 
entitled: Start, Database sheets, Support, Results, Average, and Deviation. 
The first sheet named “Start” is mainly used for data input and processing. 

The subsequent sheets represent the databases for individual lipid classes 
containing the exact masses of lipid species, their annotation on the mo-
lecular level, the percentage of M+1 and M+2 isotopes for isotopic cor-

rection, the tolerance range for lipid identification, and information on the 
IS. The “Support” sheet summarizes the number of lipid species for indi-
vidual classes included in LipidQuant 1.0 and allows to define the number 

of consecutive injections. “Results” sheet summarizes the lipid concentra-
tions for all samples, which can be inserted by pressing the button “Insert 
data”. For multiple injections, the summary table for the average concen-

trations together with the standard deviations is generated in “Average” 
and “Deviation” sheets. 

The LipidQuant 1.0 contains the molecular level composition for 23 

lipid classes with 1470 lipid species for positive-ion mode, and 24 lipid 
classes with 1999 lipid species for negative-ion mode, but the user has the 
full flexibility to modify the list of lipid species or add sheets for an addi-

tional lipid classes, as explained in Supplementary information and Re-
adMe file. The first step is the definition of the mass tolerance window in 
the individual database sheet according to the instrumental characteristics 

and measurement conditions. For HILIC and UHPSFC coupled to a QTOF 
mass analyzer, a tolerance window of ± 0.01 or ± 0.005 m/z is typically 
applied. The lipid class of interest is selected in the dropdown list, and 

then the summary table from the peak picking software for the defined 
lipid class is copied to the cell A1 in the “Start” sheet. The m/z feature 
filtering is applied when the button “Start” is pressed. The exact masses 

of lipid species defined in the database are compared with experimentally 
obtained m/z features and annotated as the corresponding lipid species 
with a color tag. Lipid species marked as green are within the specified 

mass tolerance window, and the assignment is unique. Lipid species 
marked as red are within the mass tolerance range, but more than one m/z 
feature was found to be within the selected mass tolerance range, so either 

the mass tolerance window is adjusted, or only one of the species is se-
lected, while the other one is removed by deleting the whole line. The 

yellow tag means that the lipid species is within two times the mass toler-
ance range, therefore the order in the database has to be inserted in the 

yellow colored column (E), or the feature is removed by deleting the line. 
IS has to be defined for the quantitation together with the known con-

centration in the upper orange colored panel of each lipid class database. 

Different lipid species can be quantified with different IS, which may be 
advantageous for lipid species with different response factors, i.e., lipid 
species with different length of fatty acyl chains or different number of 

double bonds. This may partially compensate the quantitation errors 
caused by differences in ionization efficiencies for short vs. very-long  or 
saturated vs. polyunsatured fatty acyl chains. The automated quantitation 
is performed by pressing the button “Move” in the “Start” sheet, and then 
lipid species concentrations are summarized in the lipid class sheet.  

The lipid species identification and quantitation have to be performed 

for each lipid class separately. Therefore, the identified lipid species in the 
“Start” sheet have to be removed by pressing the button “Clear”, and the 
next lipid class has to be chosen in the dropdown list and processed in the 

same way as explained before. If it is intended to remove all concentra-
tions for all lipid classes, “Clear all concentrations” button has to be 
pressed in the “Start” sheet. If it is aimed to remove only concentrations 

of one lipid class, “Clear concentrations” button in the corresponding da-
tabase has to be triggered. 

The summary table is generated by triggering the “Insert data” button 

in the “Results” sheet. Concentrations of all lipid species for all samples 
will be inserted in the results table. For multiple injections (defined in the 
“Support” sheet), the average and deviation will be automatically calcu-

lated and summarized in the corresponding sheets.  
The lipidomic quantitation of human serum samples from healthy vol-

unteers is illustrated with the example of positive-ion UHPSFC/MS data 

set with the determination of molar concentrations of lipid species from 8 
lipid classes (CE, TG, DG, MG, Cer, PC, LPC, and SM).  

3 Conclusions 
LipidQuant 1.0 represents a simple script freely available for lipidomic 
identification and quantitation including type II isotopic correction , which 

can run on every computer with installed Microsoft Excel. All parameters 
are adjustable, such as the choice of IS, the mass tolerance window, and 
the extent of embedded lipid database. LipidQuant is vendor-independent, 

because it works with m/z features and their intensities in a txt table, which 
may be obtained by any peak picking software. 
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