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A B S T R A C T   

Lipidomics is focusing on the screening of lipid species in complex mixtures using mass spectrometry-based 
approaches. In this work, we aim to enhance the intestinal lipidome coverage within the Oligo-Mouse- 
Microbiota (OMM12) colonized mouse model by testing eight mobile phase conditions on five reversed-phase 
columns. Our selected mobile phase modifiers included two ammonium salts, two concentrations, and the 
addition of respective acids at 0.1 %. We compared two columns with hybrid surface technology, two with 
ethylene bridged hybrid technology and one with core–shell particles. Best performance was attained for stan-
dards and intestinal lipidome, using either ammonium formate or acetate in ESI(+) or ammonium acetate in ESI 
(− ) for all column technologies. Notably, a concentration of 5 mM ammonium salt showed optimal results for 
both modes, while the addition of acids had a negligible effect on lipid ionization efficiency. The HST BEH C18 
column improved peak width and tailing factor parameters compared to other technologies. We achieved the 
highest lipid count in colon and ileum content, including ceramides, phosphatidylethanolamines and phospha-
tidylcholines, when using 5 mM ammonium acetate in ESI(− ). Conversely, in ESI(+) 5 mM ammonium formate 
demonstrated superior coverage for diacylglycerols and triacylglycerols.   

1. Introduction 

Over the past decade, omics-based technologies; genomics, tran-
scriptomics, metabolomics, and proteomics, have played a pivotal role 
in advancing biomarker discovery [1]. Recently, lipidomics, a specific 
metabolomics branch for lipid analysis, has emerged to comprehen-
sively profile the molecules in biological samples [2,3]. Lipids are 
crucial molecules due to their integral role in various biological pro-
cesses. Functioning as major constituents of cell membranes, they also 
serve as energy reservoirs, signaling mediators and facilitators of 
cellular interactions [4]. Numerous studies have underscored the link 
between disruption in lipids metabolism and a wide spectrum of 

diseases, including cardiovascular diseases, type 2 diabetes, obesity, and 
cancer [3,5,6]. Accumulating evidence suggests a potential association 
between perturbations in gut microbiota composition and the develop-
ment of gastrointestinal diseases [7]. Given the high diversity of mi-
crobial lipids within the intestinal tract, they play crucial roles in various 
biological processes and can significantly impact host health and dis-
ease. Recent studies have highlighted the critical role of microbial- 
derived lipids in modulating host immune responses, particularly in 
the context of gut inflammation, and in maintaining intestinal homeo-
stasis [8–10]. Lipids are diverse molecules in both their structures and 
functions [4]. They can be divided into eight main categories according 
to the LIPID MAPS classification and each category can be further 
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divided into one or multiple subclasses [11,12]. Therefore, the devel-
opment of advanced analytical techniques for lipid profiling remains 
ongoing, in order to assess their complex role more precisely in various 
physiological and pathological processes. 

Targeted and non-targeted lipidomics are valuable approaches, 
when combined with liquid chromatography (LC) coupled to mass 
spectrometry (MS), it becomes a powerful tool for the comprehensive 
analysis of lipids. Reversed-phase LC (RPLC), normal-phase, hydrophilic 
interaction liquid chromatography, and supercritical fluid chromatog-
raphy are among the widely employed chromatographic methods for 
lipid analysis [13]. Of these, RPLC columns packed with octadecyl 
(C18)-modified sorbents are accounting for over 70 % of columns used 
in reported studies [13–15]. This method has been proven to be effective 
in analyzing lipids in complex mixtures, relying on differences in lip-
ophilicity defined by the carbon chain and number of double bonds 
[16,17]. RPLC columns used in lipidomics vary in column chemistry, 
particle size, or column length (typically 100 mm × 2.1 mm) [18]. While 
RPLC-MS-based setups have demonstrated the capability to analyze 
several hundreds of lipids, the detection of phosphatidic acids (PA) and 
phosphatidylserines (PS) remains challenging. The elution profiles of 
these lipid classes often exhibit broad peaks, a consequence of their 
interactions through phosphorylated or carboxylated head group func-
tions with the metal surface of the column and injector [19]. To over-
come these challenges and enhance both chromatographic peak shape 
and lipid coverage, various studies have explored modifications of either 
the mobile or stationary phase. One method involves adding chelators 
(phosphoric acid, citric acid and ethylenediaminetetraacetic acid) into 
the mobile phase or introducing an embedded carbamate group in the 
bonded phase ligand of octyl (C8) or C18 stationary phases [20–24]. 
Recent columns were developed using a hybrid surface technology 
(HST) applied to the metal substrates. This material, based on ethylene- 
bridged siloxane polymers, improved the detection of nucleotides, 
phosphopeptides, and lipids [25–27]. Furthermore, the choice of mobile 
phase modifiers remains a crucial parameter in enhancing separation, 
ionization, and detection of lipid species in LC-MS analysis [28]. Various 
combinations have been tested, using mostly 10 millimolar of ammo-
nium formate or ammonium acetate with or without 0.1 % acetic or 
formic acid [29–34]. 

We employed both targeted and non-targeted approaches to analyze 
the intestinal lipidome of the isobiotic OMM12 mice [35]. These animals 
(axenic C57bl6 mice) are colonized by a consortium of twelve bacterial 
species spanning the five main phyla of murine intestinal bacteria and is 
a well-established tool recognized for its sustainable and reproducible 
intestinal bacterial content [36]. This model ensures a stable bacterial 
community for long-term mouse experiments making it invaluable for 
investigating host-microbe interactions by − omics approaches [37]. 
Given that a subset of lipid species, including those derived from the gut 
microbiota, has been shown to modulate immune responses and other 
biological processes, it is crucial to profile the intestinal lipidome to gain 
a better understanding of their implications in health. 

In this study, we used intestinal content samples from OMM12 mice 
to conduct a thorough comparison of five RPLC columns with different 
materials for lipid analysis. Specifically, we assessed the performance of 
two HST Acquity UPLC columns (HSS T3 HST and BEH C18 HST), 
comparing them with the conventional Acquity UPLC columns (BEH 
C18 and BEH C8) and one core–shell particle column (Cortecs C18). Key 
chromatographic parameters such as peak width and tailing factor were 
defined and employed to compare the performance of these technolo-
gies. Furthermore, we extended our analysis beyond stationary phase 
evaluation and studied the influence of various mobile phase modifiers 
on lipid ionization. Exploring eight combinations of additives commonly 
used in lipidomics studies, with concentrations of 5 and 10 mM, we 
established several parameters to assess the impact of mobile phase 
modifiers on ionization efficiency for standards and biological samples. 
We evaluated peak areas and intensities of common lipid species in in-
testinal samples across the buffer conditions. Additionally, we compared 

the overall number of detected and annotated features for each mobile 
phase combination to explore the OMM12 intestinal lipidome. 

2. Materials and methods 

2.1. Reagents and materials 

Acetonitrile (ACN), isopropanol (iPrOH), and methanol (MeOH) of 
LC-MS grade, same as methyl-tert-butyl ether (MTBE) of HPLC quality, 
were procured from Merck KGaA (Lichrosolv®, Darmstadt, Germany). 
Milli-Q water (H2O) was obtained from the Milli-Q Integral Water Pu-
rification System (Billerica, MA, United States of America). Ammonium 
acetate (5 M, AmAc) and ammonium formate (10 M, AmF) were sourced 
from Merck KGaA, Darmstadt, Germany. Acetic and formic acid (LC-MS 
grade) were purchased from Fisher Scientific (Honeywell Fluka™, 
Hannover, Germany). A total of 140 lipid standards, comprising fatty 
acyls, glycerophospholipids, sphingolipids and other lipid classes, were 
acquired from various suppliers: Avanti Polar Lipids (Birmingham, AL, 
USA), Cayman Chemicals (Biomol, Hamburg, Germany), and Sigma-
–Aldrich (Sigma–Aldrich GmbH, Taufkirchen, Germany), as summa-
rized in Table S1 and Table S3. Stock solutions were prepared at an 
initial concentration of 1 mg/mL in MeOH and subsequently diluted 
with ACN/iPrOH/H2O (65/30/5) to a final concentration of 0.001 mg/ 
mL for most of the standard mixtures and 0.0001 mg/mL for fatty acyl 
derivatives. Stable isotope-labeled internal standards (stock solution in 
MeOH, 1 mg/mL) were spiked at a final concentration of 0.001 mg/mL 
in blanks constituted of ACN/iPrOH/H2O (65/30/5) and biological 
samples, and measurements were conducted in triplicates only for 
spiked blanks. 

2.2. Sample preparation of ileal and colonic contents from OMM12 mice 

Ten C57Bl/6J OMM12 mice aged of seven to nine weeks (bred in the 
gnotobiotic animal facility in accordance with Institut Pasteur guide-
lines and European recommendations under protocols approved by the 
National Ethics Committee APAFIS#26874-2020081309052574 v1), 
were used to collect intestinal content from both ileum and colon sec-
tions, taken aseptically. Lipid extraction of the intestinal content from 
colonic and ileal samples followed a modified method previously 
described by Matyash et al [38]. Colonic and ileal contents were 
weighed and transferred separately to sterile ceramic bead tubes 
(NucleoSpin® Bead Tubes, Macherey-Nagel, Dueren, Germany). 
Initially, 194 μL of cold MeOH was added to each weighed sample and 
vortexed for 10 s. Subsequently, 645 μL of cold MTBE was added, and 
the samples were vigorously vortexed. Homogenization and extraction 
were performed using a Precellys® Evolution Homogenizer (Bertin 
Corp., Rockville, Maryland, USA) at 4,500 rpm, with 3 cycles of 40 s 
each, with a 2 s pause between cycles. Following lysis, samples were 
shaken for an additional 20 min at 4 ◦C using a ThermoMixer (Ther-
moMixer® C, Eppendorf, Hamburg, Germany). Phase separation was 
achieved by adding 161 μL of H2O and incubating for an additional 10 
min, resulting in a total volume of 1 mL. The samples were then 
centrifuged for 10 min at 21,000 x g and 4 ◦C, and the upper phase was 
transferred to safety reaction tubes (Eppendorf, Hamburg, Germany). A 
pooled MTBE extract from colon or ileum extracts, was evaporated at 
40 ◦C using a SpeedVac Concentrator (Savant SPD121P, Fisher Scienti-
fic, Waltham, MA, United States), and the residue was redissolved in an 
equivalent volume of ACN/iPrOH/H2O (65/30/5) spiked with a mixture 
of stable isotope-labeled standards. 

2.3. UHPLC-MS/MS conditions 

Lipid standards and samples were analyzed using an ultrahigh- 
performance liquid chromatography system (ExionLC, AB Sciex LLC, 
Framingham, MA, USA) coupled to a quadrupole time-of-flight mass 
spectrometer (X500 QTOF MS, AB Sciex LLC, Framingham, MA, USA) 
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equipped with a DuoSpray ion source. Prior to each analysis, mass 
calibration was conducted in both ionization modes using a calibration 
delivery system (ESI Positive/Negative Calibration Solution for X500, 
AB SCIEX Germany GmbH, Darmstadt, Germany). The QTOF mass 
spectrometer was automatically recalibrated between the runs after 
every tenth injection. For the MS/MS method, the information depen-
dent acquisition (IDA) mode was employed. Biological samples and 
standard mixtures were analyzed in full-scan mode (100–1500 Dalton) 
in both positive (+) and negative (− ) electrospray ionization modes, 
together with MS/MS IDA experiments. Details of the parameters set for 
the TOF MS and TOF MS/MS methods are summarized in Table S2. Five 
different RP columns, each with similar dimensions (150 mm x 2.1 mm, 
1.6–1.8 μm) were compared. Following columns were used: ACQUITYTM 

Premier HSS T3 (150 mm × 2.1 mm, 1.8 μm), CORTECS® UPLC® C18 
column (150 mm × 2.1 mm, 1.6 μm), ACQUITYTM Premier BEH C18 
(150 mm × 2.1 mm, 1.7 μm), ACQUITY UPLC® BEH C18 (150 mm × 2.1 
mm, 1.7 μm) and ACQUITY UPLC® BEH C8 (150 mm × 2.1 mm, 1.7 
μm), purchased from Waters (Milford, MA, USA). Elution of lipids was 
ensured by a mobile phase A of 60:40 ACN/H2O, and mobile phase B, 
composed of 90:10 iPrOH/ACN. We investigated the influence of 
different modifiers on the separation efficiency through eight condi-
tions, including (1) 10 mM ammonium acetate (pH = 6.7); (2) 10 mM 
ammonium acetate with acidification (0.1 % acetic acid) (pH = 4.5); (3) 
5 mM ammonium acetate (pH = 6.7); (4) 5 mM ammonium acetate with 
acidification (0.1 % acetic acid) (pH = 4.2); (5) 10 mM ammonium 
formate (pH = 6.4); (6) 10 mM ammonium formate with acidification 
(0.1 % formic acid) (pH = 3.2); (7) 5 mM ammonium formate (pH = 6.4) 
and (8) 5 mM ammonium formate with acidification (0.1 % formic acid) 
(pH = 3.0). The chromatographic conditions included a flow rate of 
0.25 mL/min, and the run started with an isocratic step of 1.5 min with 
32 % B. This was followed by a gradual increase to 97 % B until 21 min, 
maintained for 4 min, and returned to initial conditions in 0.1 min. Five 
microliters of sample were injected, and the column oven temperature 
was set to 40 ◦C. Prior to sample analysis, blanks spiked with a mix of 
internal standards were injected in triplicate to monitor retention time 
and intensity drifts. Precision was assessed by calculating the percentage 
of coefficient of variation (CV%). 

2.4. Data processing and analysis 

Targeted peak picking was conducted using Sciex OS Analytics 3.0 
(AB Sciex LLC, Framingham, MA, USA), where retention time, peak 
width and tailing factor were extracted. For non-targeted peak picking, 
Genedata Expressionist Refiner MS 15.0.7 (Genedata GmbH, Basel, 
Switzerland) was employed. The processing of.wiff2 data included 
several steps such as chemical noise subtraction, griding, retention time 
restriction, chromatogram peak detection, blank peak filter, chromato-
gram isotope clustering, intensity filter, MS/MS consolidation, and MS/ 
MS peak detection. These processing steps generated a data matrix 
containing features defined by a unique cluster number (mass-to-charge 
ratio (m/z) and retention time) along with the maximum intensity values 
observed for each sample. MZmine software version 3.9.0 was employed 
for visualization of extracted ion chromatograms by exporting.wiff2 to 
mzML files with ProteoWizard msConvert 3.0.20342 [39,40]. To 
annotate MS/MS associated with the generated clusters, MSPepSearch 
(released at 02/22/2019) was used to match experimental MS/MS 
spectra against MS-DIAL-TandemMassSpectralAtlas-VS69 library (0.01 
of precursor ion m/z uncertainty and 0.05 of ms peak m/z uncertainty) 
[41]. Matches with dot product over 600 were considered for further in- 
depth elucidation and identification. CANOPUS from Sirius 5.8.5 was 
employed for lipid classification and the prediction of known and un-
known features [42–44]. 

3. Results and discussion 

In this study, we evaluated the performance of five RP columns 

across eight buffer conditions. We included ammonium acetate (AmAc) 
and ammonium formate (AmF) of 5 or 10 mM, with or without the 
addition of 0.1 % acetic or formic acid. We examined columns of 
ethylene bridged hybrid, hybrid surface technologies and core–shell 
with identical dimensions (150 mm × 2.1 mm) and particle size ranging 
from 1.6 to 1.8 μm. Our targeted analysis covered 140 lipid standards, 
consisting mainly of fatty acyls, sphingolipids, and glycerophospholipids 
analyzed under 40 different chromatographic conditions. Non-targeted 
lipidomics was performed on ileal and colonic content of OMM12 

mice, employing a total of eight chromatographic conditions in positive 
and negative electrospray ionization mode (+/-ESI). 

3.1. Evaluation of the RP conditions using standards 

3.1.1. Reproducibility of RT and peak areas using lipid standards 
Retention time variation and reproducibility of peak areas were 

monitored across every column and mobile phase combination by 
replicate injections of blank samples spiked with four deuterated lipids, 
analyzed in ESI(+) RPLC-MS. For peak areas, the lowest average CV% 
(0.6 %) was observed with 5 mM AmF + 0.1 % formic acid on the BEH 
C18 HST (Fig. S1A). The BEH C18 HST with either 5 mM AmF or AmAc 
without acidification exhibited the lowest average CV% (<0.1 %) for 
retention time (Fig. S1B). In contrast, the Cortecs C18 column showed 
the highest CV% values for both peak areas (~7%) and retention times 
(~0.8 %) compared with other RP columns (Fig. S1A–B). 

3.1.2. Selection of mobile phase modifiers 
We conducted a systematic evaluation of eight buffer conditions to 

assess their impact on the peak areas of lipid standards. For ESI(− ), we 
observed a significant increase in sensitivity for most lipid classes when 
using 5 mM AmAc (Fig. 1A-B). Specifically, when comparing AmAc to 
AmF at both concentrations, a fivefold increase in the peak area of fatty 
acids, such as palmitoleic acid, was prominent (Fig. S3A). Furthermore, 
employing 5 mM AmAc instead of 10 mM improved lipid ionization 
efficiency, particularly in peak areas of phosphatidylglycerols (PG) and 
PA. Lower buffer concentrations resulted in a fivefold increase in peak 
areas for N-acyl amines (Fig. S2B-G). In ESI(+) mode, 5 mM AmF, both 
with and without acidification, demonstrated superior performance 
compared to 5 mM AmAc for most lipids, with higher peak areas of fatty 
acyls and phosphatidylcholines (PC) (Fig. 1C-D & Fig. S3B). Moreover, 
employing 5 mM AmF instead of 10 mM resulted in improved peak areas 
for various lipid species, for example PG (Fig. S2E). Interestingly, similar 
results were achieved in both ESI modes for three lipid classes 
employing the same additive type (Fig. 1E–F & Fig. S2H). In particular, 
the use of 5 mM AmAc without acidification resulted in higher peak 
areas for Cer and PE, whereas acidification of 5 mM AmAc resulted in 
higher peak areas for PS. All columns exhibited similar behavior, with 
higher peak areas for most lipids using 5 mM AmAc in ESI(− ) or 5 mM 
AmF in ESI(+). Our findings align with previous studies, indicating the 
preference for ammonium acetate in ESI(− ) to enhance lipid ionization 
efficiency [28]. This preference is attributed to the higher pH values 
achieved by AmAc compared to AmF, leading to increased deprotona-
tion efficiency of lipid species [45]. Interestingly, although 5 mM AmAc 
resulted in a 0.02 pH unit lower than 10 mM AmAc, the lower AmAc 
concentration consistently exhibited higher signal areas for most lipid 
standards. This observation may be attributed to a potential suppression 
effect associated with higher salt concentrations [46]. 

3.1.3. Selection of RP columns 
Since peak areas of lipid standard remained unaffected by column 

technologies (Fig. 1A-F), we calculated the average of key chromato-
graphic parameters across eight buffer conditions for HSS T3 HST, 
Cortecs C18, BEH C18 HST, BEH C18, and BEH C8. Parameters included 
peak width and tailing factor. Notably, BEH C18 HST consistently out-
performed the other columns under the same conditions, showcasing 
superior performance, particularly for lipids with amine or hydroxy 
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head groups (Fig. 2A–B). BEH C18 HST resulted in better peak shapes, 
reduced peak width, and minimized tailing factor for a variety of lipid 
species (Fig. S3C-D). Specifically, the HST technology reduced peak 
tailing by 40 % for PS lipids compared to core–shell technology and by 
20 % for conventional columns. Moreover, a 40 % reduction in tailing 
factors was observed for PC compared to the other technologies. The 

peak widths of PA lipids were reduced by 20 % using the HST column 
compared to the conventional one. As reported in the literature [23], 
particularly acidic phospholipids, mainly PA and PS, tend to elute in 
broad peaks, making their peak detection challenging in lipidomics. Our 
comparison under various buffer conditions and column technologies 
confirmed an improvement in the detection of PA, PS and other lipid 
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species using HST technology compared to conventional one. 

3.2. Non-targeted lipidomics for selection of mobile phase modifiers 

Our next step was to profile the intestinal lipidome of the OMM12 

mouse model, by analyzing the content of ileum and colon sections of 
the gut. Therefore, we conducted a similar approach on intestinal 
samples as described above by comparing eight mobile phase modifiers, 
only using the superior BEH C18 HST technology. We revealed that in 
ESI(− ), the use of 5 mM AmAc without acetic acid outperforms consis-
tently all other buffer conditions in terms of number of detected features 
(MS1), features with MS/MS (MS2), and number of identified lipids (ID) 
in colonic and ileal samples (Fig. 3A & Fig. S4A). In particular, 5 mM 
AmAc resulted in around 2 times more detected features (100 %) than 5 
mM AmF. Additionally, we observed a 72 % increase in the total count of 
identified features (dot product > 600) when using 5 mM AmAc 
compared to 10 mM AmAc. In ESI(+), we did not observe a substantial 
effect on the count of detected features, number of MS/MS or identifi-
cation rate. We employed CANOPUS for classification of MS/MS fea-
tures. In ESI(− ), 5 mM AmAc exhibited the highest number of classified 
features, showing approximately 4.5 times increase in feature classifi-
cation compared to 5 mM AmF in both colon and ileum samples (Fig. 3B 
& Fig. S4B). However, AmF and AmAc used at 5 or 10 mM concentra-
tions showed similar feature counts and classification rates in ESI(+). 
We further compared the overall count of common lipid species classi-
fied using the MS-DIAL library in both ESI modes across eight buffer 
conditions [41]. The use of 5 mM AmAc resulted in improved coverage 
of nine lipid classes in both colon and ileum samples, mainly Cer, ether- 
linked PE, and ether-linked monogalactosyldiacylglycerols (MGDG, 
ether), in ESI(− ) (Fig. 3C & Fig. S4C). On the other hand, 5 mM AmF in 
ESI(+) resulted in higher count of specific classes, mainly diac-
ylglycerols (DG) and triacylglycerols (TG). We also ranked the relative 
maximum signal intensities for each lipid class across all buffer condi-
tions of selected lipids detected in both ileal and colonic samples 
(Fig. 3D & Fig. S4D). In ESI(− ), 5 mM AmAc without acidification 
showed the highest maximum intensities for most selected lipid classes, 
followed by 10 mM AmAc and 5 mM AmAc with 0.1 % acetic acid. 
Notably, the use of AmF with both concentrations as an additive resulted 
in very poor signal intensity for certain lipid classes, including Cer, fatty 
amides and glycosyldiradylglycerols (DGDG). For ESI(+), 5 mM AmF 

and AmAc performed the best, yielding the highest intensities for most 
selected lipid classes. AmF showed sufficient to excellent peak heights 
(90 %) for diverse lipid classes, such as lysophosphatidylcholines (LPC), 
cholesteryl esters (CE), and sphingomyelins (SM). On the other hand, 
AmAc demonstrated better ionization efficiency for different derivatives 
of Cer and sterol lipids, detected in colon and ileum samples (Fig. 3D & 
Fig. S4D). These observations are in line with previous studies show-
casing the better performance of AmAc in ESI(− ) and AmF in ESI(+), but 
decreasing the salt concentration to 5 mM [28,47]. 

4. Conclusion 

In the present study, we assessed various mobile phase modifiers and 
column technologies for lipid analysis in both simple and complex 
matrices. Our findings emphasize the importance of considering multi-
ple factors when comparing columns and additives in LC-MS analysis of 
lipid species. Hybrid surface technology columns outperformed other 
technologies, by reducing peak width and tailing factor for various lipid 
classes. HST columns showed increased sensitivity and better coverage 
for diverse lipid species such as sphingolipids, PA, and PS. Our targeted 
and non-targeted lipidomics approaches yielded similar results in the 
evaluation of mobile phase modifiers. Specifically, 5 mM AmAc without 
acidification demonstrated better results in ESI(− ), providing higher 
signal intensity, increased coverage, and efficient lipid classification and 
identification compared to other additives. In ESI(+), both 5 mM AmF 
and AmAc exhibited comparable results, showcasing robust signal in-
tensities for common lipids and enhanced coverage for various lipid 
species in both sample types. 
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Fig. 3. The impact of various mobile phase modifiers on feature coverage, lipid classification and the ionization efficiency in a pooled colon sample analyzed with 
LC-MS/MS in ESI(+/-). Intestinal lipids were separated using the BEH C18 HST column. (A) Bar plots showing the total number of detected features (MS1), features 
with MS2 and features annotated by the MS-DIAL library (ID). (B) Bar plots representing the total count of classified features (probability over 0.6) by CANOPUS. (C) 
Bar plots showing the individual count of common lipid classes among different buffer additives. (D) Heatmap showing the percentage of relative peak intensities, for 
lipid classes detected under all eight buffer conditions in ESI(+/-). The percentages of each common lipid species were defined to the highest peak intensity set to 
100 %, across the eight buffer conditions. Peak intensities of lipid classes were categorized as follows: moderate poor (<50 %), sufficient (≥50 %), and excellent 
(≥80 %). Legend: AmAc: ammonium acetate; AmF: ammonium formate, AmAc + 0.1 % AA: ammonium acetate and 0.1 % acetic acid; AmF + 0.1 % FA: ammonium 
formate and 0.1 % formic acid. 
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