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ABSTRACT: Given the long hardware lifespan, fixed installation, and comparatively high investment required to procure them,
Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) instruments tend to have a long operational life. The
field is constantly evolving with rapidly advancing instrumental developments, and FT-ICR research groups work with a range of
instrument designs from different generations. Consequently, compositional spectra comparability between instruments is a critical
concern in FT-ICR-MS, particularly due to the variability introduced by commonly used direct infusion methods. This study
demonstrates interlaboratory comparability of FT-ICR-MS molecular profiles using a 12 T solariX with an Infinity Cell and a 7 T
scimaX with a ParaCell, with closely matched sample introduction and ion guide systems. Using analytically challenging pet food
samples, we achieved similar instrument performance metrics, including resolving power, mass error, feature count, signal-to-noise
ratios, and m/z distribution. The improved field homogeneity and sensitivity of the ParaCell reduced ICR cell space-charge
interferences, making specialized calibration methods beyond linear calibration obsolete. We observed up to 78% overlap in
annotated signals of the spectra increasing to 95%, when higher-intensity features are considered. Relative abundances showed great
similarity, despite sample-dependent fluctuations (median coefficient of variation 23.4% to 49.2% and 15.5% to 29.5%, respectively).
Unsupervised multivariate analysis (PCA) revealed consistent sample profiles with no systematic bias. Our study demonstrates that
with careful instrument adjustment, molecular profile comparability can be achieved, ensuring the continued relevance of extensive
databases and large chemical data sets acquired in long-term and collaborative projects measured on different instrumentation.

B INTRODUCTION

In the past decade, Fourier transform ion cyclotron resonance
mass spectrometry (FT-ICR-MS) instrumentation has signifi-
cantly advanced," particularly with enhancements to ion optics
and the ICR cell. A notable development includes the
commercialization and routine use of the dynamically
harmonized cell or ParaCell.”” The ParaCell technology and
2 ® detection have significantly enhanced the ability of FT-
ICR-MS instruments to investigate isotopic fine structures and
improved signal-to-noise ratios and acquisition scan speeds,
markedly improving methods and applications across a range

selected ions (CASI) measurements to be achieved more
rapidly.”

While the ParaCell technology is now commercially
available, the older generation of instruments featuring the
Infinity Cell is approaching the expected end of its production
and service lifecycle. In the context of relatively high-
investment, stationary, and durable mass spectrometers such
as FT-ICR instruments, this ongoing evolution raises the
question of whether advancements will render data from
previous generations of FT-MS instrumentation obsolete

of fields, including MALDI imaging of tissues,* analysis of
peptide fine structures,” crude oil,” and GC-APCI character-
ization of contaminated soil and biofuels.” The reduction in
measurement time facilitated by the advances in FT-MS
detection technology enables enhanced compositional cover-
age through spectral stitching or continuous accumulation of
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beyond isolated studies, potentially diminishing the value of
established databases and community efforts, or if interoper-
ability among compositional profiles can be achieved.

The outstanding resolving power and mass accuracy of FT-
ICR-MS enable direct infusion of samples, an injection method
inherently challenging to control and direct due to ion
suppression and other ionization effects resulting in non-
quantitative data.”’”'> Hence, concerns regarding the con-
sistency of compositional data across laboratories are regularly
addressed. An advantage, however, of reducing spectra to the
m/z dimension in direct-infusion is the focus on the immutable
absolute values of the compositional masses for alignment. The
stability of the remarkable mass accuracy and resolving power
in FT-ICR analytics is preserved even in extended projects or
extensive databases, as demonstrated in our 6-year ongoing
study involving hundreds of samples."* To fully leverage these
extensive databases within long-term and interconnected
projects, the comparability of compositional spectra across
instruments and instrument generations is of critical
importance.

Hawkes et al.'* compared dissolved organic matter (DOM)
samples across high-resolution FT-instruments with varying
setups in 16 laboratories, identifying approximately 1000
common compositions per sample, with annotated signals
ranging from about 1200 to 6000 depending on the sample,
ionization mode, and laboratory. They found that the weighted
average m/z values and the average number of peaks were
most dependent on the laboratory, with unsaturated
compounds exhibiting greater variance overall. Zherebker et
al."® observed a similar trend in an interlaboratory comparison
of natural organic matter (NOM) humic substance samples.
For biological tissue and fluid samples, which inherently
exhibit a higher concentration dynamic range of metabolites
and thus potential ionization effects, it was noted that
intralaboratory batch corrections may be necessary'® and not
all FT-ICR-MS setups are comparable to the desired extent.'”
Overall, achieving interoperability between instruments still
poses a significant challenge, as the operating parameters on
one instrument cannot necessarily be seamlessly transferred to
another. The sensitivity of the instruments and the interrelated
effects of each parameter require careful and individualized
sample preparation and tuning. These procedures may vary
significantly between instruments, especially when comparing
biological materials on different instrument generations, to
ensure comparable results," """

In this study, we assess the interlaboratory interoperability of
ultrahigh resolution FT-ICR-MS compositional profiles
between a solariX setup with the Infinity Cell and its modern
counterpart, the scimaX ParaCell. We aim to achieve molecular
profile comparability by harmonizing sample introduction,
ionization, ion transfer, and detection parameters. When
successful, these efforts will maintain the relevance and utility
of extensive databases and chemical maps from previous-
generation instruments. Comparability will be assessed using
pet food samples, which, due to their biological origin, mineral
additives, and complex processing reactions, represent
inherently complex and challenging matrices with a wide
dynamic range and significant potential for adverse ionization
interferences.

Methodology. Pet Food Sample Extraction. One wet pet
food product (sample 1, chicken variety meal) and three dry
pet food products (sample 2, cheese variety treat; sample 3
tuna variety meal; sample 4 chicken variety meal) were

8492

homogenized and extracted at Waltham Petcare Science
Institute (Mars Petcare), with “variety” indicating that the
specific ingredient must constitute a minimum of 4% of the
product. The pet food was homogenized as 1.25 g aliquots
with § mL of methanol: water (HPLC for Gradient Analysis,
Fisher Scientific) and 2.5 mL of hexane (~95% N-Hexane, for
HPLC, Fisher Scientific). The nonsoluble lipid fraction
(hexane phase) was separated by centrifugation (10,000
rpm). The methanol—water phase was dried (SpeedVac,
Thermo Fisher Scientific, Loughborough, UK). Samples were
reconstituted in 500 yL of water, centrifuged, filtered through a
SFCA syringe filter (0.2 ym; Thermo Fisher Scientific), sealed,
and stored at —80 °C prior to FT-ICR-MS analysis in
triplicate.

SolariX FT-ICR-MS Measurements. The Bruker solariX
ion cyclotron resonance Fourier transform mass spectrometer
(Bruker Daltonics GmbH, Germany) equipped with a 12 T
superconducting magnet (Magnex Scientific Inc., GB), an
Infinity ICR cell, and an APOLLO 1II electrospray ionization
(ESI) source (BrukerDaltonics GmbH, Germany) was
operated at Helmholtz Munich (Analytical BioGeoChemistry),
Germany. An aliquot of the sample extracts was shipped to
Germany on dry ice, maintaining a temperature of —80 °C.
The extracts were diluted 1 to 100 with MeOH and
centrifuged (12,000 rpm; S min), prior to direct infusion of
the supernatant to the FT-ICR-MS instruments using a PAL
autosampler system (CTC Analytics, Switzerland) at 2 yL/min
utilizing a Zirconium Ultra 410F pump (Prolab Instruments
GmbH, Switzerland). High-resolution spectra were obtained in
negative ionization mode, accumulating 350 scans with an ion
accumulation time of 350 ms, culminating in a total
measurement time of 10.4 min.

ScimaX FT-ICR-MS Measurements. The Bruker scimaX
ion cyclotron resonance Fourier transform mass spectrometer
(Bruker Daltonics GmbH, Bremen, Germany) equipped with a
7 T superconducting magnet, a ParaCell, and an APOLLO II
ESI source (BrukerDaltonics GmbH, Germany) was operated
at Waltham Petcare Science Institute (Mars Petcare, UK).
Given the greater sensitivity of the scimaX instrument, samples
were run 4X more diluted, and fewer scans (120) could be
acquired, in a shorter total experiment time, to achieve similar
signal-to-noise ratios. Due to the difference in hardware,
including ion optics, different tuning parameters were required
in order to reach a similar mass distribution and spectral
profile, for example, low mass cut off and ion accumulation
time. Aliquots of the sample extracts were stored at —80 °C
and diluted 1 to 400 in MeOH (Optima, Fisher Scientific, UK)
and centrifuged prior to infusion of the supernatant to the FT-
ICR-MS instruments using a PAL RSI autosampler system
(CTC Analytics, Switzerland). High-resolution spectra were
obtained in negative ionization mode, accumulating 120 scans
with an ion accumulation time of 20 ms and time-of-flight of
0.6 ms, culminating in a total measurement time of 4.4 min for
1 omega broadband measurements. The detailed parameters of
both instruments are summarized and compared in Table SI.

Data Processing, Integration, and Statistical Analysis.
The raw spectra were postprocessed by Compass DataAnalysis
4.2 (Bruker Daltonics, Bremen, Germany). Accurate linear
mass calibration of spectra was performed using an in-house
calibration list of 3000 persistent, recurrent compounds
present in the FT-ICR-MS spectra of pet food samples. A
linear calibration up to m/z 600, with mass error below 0.1
ppm, was achieved for both instruments. Acquired masses were
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Figure 1. FT-ICR mass spectral excerpts of the nominal mass #/z 321 from sample 1, acquired using the solariX (A) and scimaX (B) instrumental
setups. For annotated peaks, the respective molecular formula is given. The different intensity scales indicate a distinct data structure despite a

similar fingerprint.

filtered to remove peaks below a signal-to-noise ratio of 4.
Different noise levels were addressed by setting distinct
absolute intensity thresholds of 2,000,000 (solariX) and
500,000 (scimaX), respectively. The CASI windows were
merged for each sample to create a spectrum spanning the
entire mass range prior to data filtering. Possible space-charge
effects”" and electric field distortions were recalibrated by mass
difference mapping on both individual samples and the merged
223 Peak list filtering (FT side loop artifacts and
isotopologue peaks) was performed using an in-house R-based
(version 4.2.2) software tool on a single spectrum basis
following Kanawati et al.>* Single-charged signals found in at
least two out of three replicates were retained. Peak alignment
was achieved within a 0.5 ppm threshold. Subsequent peak
annotation in the CHNOSPCI compositional space was carried
out using a mass difference network.”®

For data integration, the solariX and scimaX data sets of
annotated signals were first processed independently before
being merged back into a matrix. Noise imputation (gap-
filling) was implemented by replacing null values with random
values within the —20 to —10 range of the mean of the lowest
peak of each sample. Subsequently, the intensity values of each
feature across samples of the data set were z-score-normalized
and centered. In cases where a feature in one data set shows no

feature matrix.

intensity value, null values were replaced with normalized noise
values from the corresponding data set that exhibits the signal.
Within-data set normalized intensities were merged back into a
single matrix that included both data sets. To emphasize the
necessity for a comprehensive data integration strategy, a
contrasting data matrix was created where noise-filling and
normalization were executed on the entire matrix instead of
individual data sets. PCA statistical analysis was performed
using the FactoMineR R package (version 4.2.2). Potential
systematic differences between the instrumental setups were
assessed using Cohen’s d, while differences between samples
were evaluated using ANOVA in the RStudio programming
environment (version 2023.12.1). Confidence ellipses for the
sample classes (samples 1, 2, 3, and 4) were drawn at the 95%
level. Annotated peaks characteristic of the molecular profiles
of the samples were extracted using a score plot and loading
plots overlapping densities.
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Instrument Performance Parameters and Data Visu-
alization. The performance of the instrumental setups was
compared based on median signal-to-noise ratio, median
resolving power, annotated feature count, average mass error
to assess systematic errors, absolute average mass error to
assess the annotation mass error, and m/z distribution. Median
values were chosen to minimize the influence of the outliers.
Values were visualized as bar plots, and violin plots using
Kernel Density Estimation at a bandwidth of 10 (m/z
distribution), respectively. Molecular compositions of specific
interest were visualized in van Krevelen diagrams. By plotting
H/C versus O/C atomic ratios, it is possible to depict
common compositional patterns’>?” and obtain tentative
information on molecule classes.”®” An overview of the
compositional spaces was plotted as a pie chart.

B RESULTS AND DISCUSSION

Evaluation of the Instrumental Setup. In this study,
two instrumental setups located in different laboratories, one in
Munich, Germany (12 T solariX), and the other in Waltham,
United Kingdom (7 T scimaX), collectively representing
approximately 20 years of FT-ICR-MS development, were
carefully aligned, takin ng into account community-recommen-
ded guidelines,"'*™*" and subsequently compared. The
sample introduction, ion source, and ion transfer parameters
were carefully adjusted and tuned to enable operation in a
comparable manner, while individual settings were optimized
to establish an effective method for both instruments (Table
S1). Detection settings in infinity cell (SolariX) and ParaCell
(ScimaX) were also aligned. Both instruments were coupled to
the same autosampler system for high-throughput operation,
ensuring interoperability at scale. Postacquisition data
processing strategies were conducted identically, accounting
for the lower noise levels of modern cell. This setup allowed us
to evaluate whether the compositional data of long-term
studies and comprehensive databases generated by previous
generation instruments nearing the end of their manufacturer
support will become obsolete when replacing the device or if
these data can retain their relevance and utility.

While many interlaboratory studies and ring trials focus on
applying ultrahigh resolution to environmental NOM or DOM
samples,'”">'® we have instead targeted complex life sciences
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Figure 2. Comparison of the instrument performance of the solariX (blue) and scimaX (orange) systems with respect to median signal-to-noise
ratio (A), median resolution value (B), number of features (C), average annotation mass error (D), average absolute annotation mass error (E),
and m/z value distribution (F). The attributes are sorted by samples (S1—S4), and each bar corresponds to a replicate measurement.

samples, i.e., pet food. They combine biological origin, mineral
additives, complex processing reactions, and a broad dynamic
concentration range, making them an arguably challenging
matrix. This approach strengthens the plausibility of extending
our findings to other biological samples and systems.
Comparison of Instrument Performance. In the four
pet food samples measured on both platforms in triplicates, a
total of 9948 monoisotopic mass signals were annotated. Of
these, 4751 were detected in both setups. On average, 3562
compositions were annotated per measurement and 1892
compositions were present in all samples. To illustrate the data
structures, Figure 1 shows the nominal mass m/z = 321 as
detected on both instrumental setups. Even within this excerpt
of isobaric compounds, the complexity of pet food is evident,
making it a suitably challenging matrix to analyze interoper-
ability. Food covers a great deal of variety in the CHNOSPCI
chemical space, including representatives of saturated lipids
[C,0H;3305]” to phosphorus-containing compounds
[C1oH3N,O4P]7, sulfur-containing species [C;sH,005S]7,
and unsaturated heterocycles [C;,H;,N,O;]”. Additionally,
various adducts [C;H ;gN,04+Cl]”, charge states
[C3,H,50,5+Cl]*7, and isotopologue compositions
[**C,C,H;sNOy]7, and [C,C,3H;,0;]™ are observed.
Since the parameters suggested by Hawkes et al.'* for
comparing samples and instrument performances are specifi-
cally tailored to DOM or NOM data structures, we focused on
the generally relevant instrument performance parameters of
annotation mass error, resolution, signal-to-noise ratio, m/z
distribution, and number of features (Figure 2). An intensity-
based weighting of annotations was not performed, as it would
introduce biases due to the large dynamic concentration range
of the pet food samples compared with DOM and NOM.
The median signal-to-noise ratios (solariX 13.9 + 0.9;
scimaX 13.6 + 1.6) and median resolving power (solariX 3.4 X

8494

10° + 0.2; scimaX 3.9 X 10° + 0.2) remained stable at similar
levels, independent of the sample or instrument (Figure 2A,B).
The underlying number of annotated mass signals naturally
exhibited greater variability between the samples and between
instrumental setups (solariX 3500 + 724; scimaX 3228 =+
559). Notably, the inverse trend of more features in sample 1
on the scimaX system and in sample 3 on the solariX system
highlights less systematic and more sample-dependent dynamic
performance differences between the setups (Figure 2C). The
average error in annotation, defined as the average difference
between accurately measured mass and the theoretical exact
mass of the annotated composition, indicated no systematic
errors in formula assignment in either system (solariX —0.02 +
0.04 ppm; scimaX —0.02 = 0.02 ppm) (Figure 2D). This
confirms that spectrum calibration, based on hundreds of pet
food-specific masses, was successfully executed for both
systems. The average absolute mass error (solariX 0.24 +
0.08 ppm; scimaX 0.20 + 0.02 ppm) demonstrates slight
advantages of the new cell generation, particularly evident in
sample 3 (Figure 2E). Given the high number of features and
immense dynamic range in the spectra (intensity range of S X
10 to 2 X 10'), it is likely that space-charge effects”"** caused
by adduct signals significantly influenced the results. While a
specific density calibration”” eliminated systematic local mass
errors,”” a global negative impact on mass accuracy in an
overloaded cell persisted (Figure S1). Here, the benefits of the
higher sensitivity of the dynamically harmonized cell and the
associated 4-fold dilution of samples in the scimaX system
become apparent. The m/z distribution, when considering
matched ion transfer parameters, further highlights the
improved sensitivity of the ParaCell in the lower mass range
(average m/z solariX 367.5 + 22.6; scimaX m/z 340.4 + 22.7)
(Figure 2F).

https://doi.org/10.1021/acs.analchem.5c00488
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Figure 3. Chemical space distribution of the different pet food samples (A—D) measured on the solariX (I) and scimaX (II) setups. The chemical
spaces are color-coded: clockwise CHO (blue), CHNO (orange), CHNOS (red), CHOS (green), and xP (purple). Chloride adducts are converted
into the respective [M — H]™ ions in silico. All compositions featuring at least one phosphate atom are considered (CHNOS)P or xP.

Both systems demonstrated stable, sample-independent
performance across most quality parameters, operating at a
comparable and interoperable level with slightly better
detection of lower mass signals in the ParaCell. The scimaX
ParaCell’s higher sensitivity, allowing for greater sample
dilution, reduced susceptibility to space-charge effects,”"**
leading to more stable mass errors. Moreover, the advance-
ments in both technology and sensitivity have significantly
reduced the required scan count and accumulation time,
leading to shorter measurement durations on the scimaX
system, thereby greatly increasing throughput (Figure 1; 4.4
versus 10.4 min).

Comparison of the Captured Molecular Profiles. The
similar values of instrumental performance parameters indicate
technical comparability between the 12 T solariX infinity cell
and the 7 T scimaX ParaCell setups. However, whether both
setups provide the same molecular information requires a
separate evaluation. Depending on the sample and setup, the
proportion of signals detected by both instruments in their
respective spectra (at least two out of three replicates) ranges
from 55% to 78% (Figure S2). The numbers increase to 90%—
95% when only the compositions within the 25th percentile of
the highest intensity are considered. This is expectedly higher
than the values found by Hawkes et al.'* in their ring trial,
which compared multiple laboratories and instruments. Such
overlapping ratios are a satisfactory outcome, considering the
intrinsically complex and challenging matrix and the nearly 20
year generational difference between the setups. Alongside the
general overlap of mass signals, the chemical spaces of the
samples are captured almost identically in both systems
(Figure 3). Between the instrument setups, the absolute root
mean square deviation value across all chemical spaces, which
is significantly influenced by large chemical spaces (CHO,
CHNO), is +2.16% of the overall distribution. Relative
fluctuations in compositional spaces are +16.78%, particularly
influenced by less abundant chemical spaces (CHOS, xP).

While the mere detection and presence of formulas remain
independent of intensity values, multivariate statistical
methods rely on abundance comparisons. As shown in Figure
1, the data structures, particularly noise levels and intensity
ranges, differ significantly between the two systems. A PCA
comparison of measurements normalized across the entire

merged data matrix is predictably uninformative, as the higher
intensity values of the solariX system overshadow any
differentiation in the scimaX measurements (Figure S3). A
common approach to comparing such spectra is to reference
intensity values to their proportion of the total ion load, thus
representing relative abundances.'”'” However, due to the
overwhelming influence of adduct ions on the total charge in
many life sciences samples,”*'™*® including pet food, this
approach is arguably not as effective as for NOM/DOM
samples with lower concentration or rather intensity dynamic
ranges. To achieve comparability of the data from two setups,
the intensity values of the mass signals were z-score-normalized
across samples within each instrumental setup. This approach
yields relative intensity values for each feature across all
measurements within a given system. Alternative normalization
methods, such as TIC normalization and interinstrument
normalization, were also evaluated but did not provide
adequate comparability (data not shown). Although the z-
score normalization method is independent of the inherently
large dynamic ranges of major adduct signals, it cannot fully
eliminate the impact of the suppression effects. The median
coefficient of variation (CV) of replicate measurements within
the systems ranged from 13.5% to 42.7% (solariX) and from
13.4% to 23.8% (scimaX). The median CV for the normalized
intensity values of features detected across all replicates in both
systems ranged from 23.4% (sample 1) to 49.2% (sample 3).
When considering only the compositions within the top 25th
percentile of highest abundance, these values decrease to
15.5%—29.5%. The variability between the two systems,
therefore, is moderately higher than within each system and
is in a similar range as the variability observed in FT-ICR-MS
spectra of the same sample over multiple years (CV of 39 +
14% ). In general, sources of measurement variability can be
primarily attributed to the direct infusion method, which is
inherently susceptible to fluctuations in ionization dynamics.
This effect is particularly pronounced in complex samples,
where adduct formation can lead to saturation of the ICR cell
and space-charge effects.”’ These sample-intrinsic phenomena
are difficult to predict and were observed to a greater extent in
the solariX system, especially in Sample 3. Beyond ionization
effects, structural differences between instruments, such as
variations in the ion path and ICR cell design, are also critical
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Figure 4. PCA analysis of the within-system normalized data set (A,B) and the characteristic molecular profiles of the pet food samples in the van
Krevelen representation (C). In the first and second principal component, sample 1 and sample 4 are distinguished based on their chemical
signature (A). The third and fourth PC indicate a differentiation of the solariX and scimaX measurements of sample 1 and achieve a clear
separation of sample 2 and 3, respectively. Confidence intervals (95%) are indicated as ellipses. The underlying loadings plot is shown in Figure S4.

contributors to variability. Key factors in sample introduction

and ionization were accounted for using identical ion sources

and autosampler units. Due to the strictly controlled study

design and the transport of identical sample aliquots under

frozen conditions, the contribution of sample preparation to

intersystem variability is expected to be minimal.
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To assess the impact of intensity variations on the
comparability of holistically detected molecular profiles
between the systems, multivariate PCA was performed (Figure
4). In the first principal component (26.9%), sample 1 (wet
chicken variety) of both systems forms a distinct cluster,
separating them from other samples (Figure 4A). The second
principal component (21.7%) differentiates the molecular
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profiles of sample 4 (dry chicken variety) from those of sample
2 (dry cheese variety) and sample 3 (dry tuna variety). Despite
the proximity of sample 2 and 3 in the score plot, indicating a
high degree of molecular similarity, the clusters are clearly
separated within the 95% confidence intervals. The molecular
essence of all samples was consistent between measurements
on the solariX and scimaX systems, with ANOVA revealing
highly significant differences among sample groups (p < 2 X
107'¢). Further differentiation of Samples 2 and 3 is achieved
in PC4 (8.7%) (Figure 4B). The molecular profiles character-
istic of the sample signatures (Figure 4C), which were
concordant between the solariX and scimaX setups, were
extracted based on feature density in the corresponding
loading plot (Figure S4). Residual differences between the
systems were evident in the separation of solariX and scimaX
measurements for Sample 1 and Sample 4 along principal
components four and three, respectively (Figures S4D and S6).
However, a systematic difference between the instrumental
setups was not observed, as indicated by a very low Cohen’s d
of 0.02.

In conclusion, the comparison of complex pet food samples
on two thoroughly aligned FT-ICR-MS setups—instruments
from different generations (12 T solariX vs. Seven T scimaX)
and cell types (Infinity Cell vs. ParaCell)—revealed similar and
interoperable instrument performance in terms of signal-to-
noise ratios, resolution, and mass errors. Despite the lower
magnetic field strength, the scimaX/ParaCell’s enhanced
sensitivity was evident, resulting in a higher dilution factor
and therefore reduced susceptibility to cell overloading effects
such as space-charge. Naturally, direct infusion or flow
injection mass spectrometry is sensitive to sample preparation
and introduction parameters, such as the autosampler and ESI
source. In our setup these are identical and meticulously
aligned, but the effects of necessary dilution adjustments still
affect the ionization environment in ESI and therefore mass
signal abundance.”” Consequently, the overlap of individual
mass signals could not surpass a notably substantial value of
78% (average 66%). For higher-intensity signals, the value
increases to 95% (average of 92%), indicating that the deep
fingerprint is more affected than the abundant features. The
various compositional spaces (CHNOSP) of the samples are
detected in remarkably consistent representation across both
systems (+£2.16%). Appropriate data processing can harmonize
molecular profiles from different generations of systems and
ICR cells. In multivariate analyses (PCA), the characteristic
signatures of individual samples dominate the principal
components without systematic bias from the systems.
Especially with challenging and heterogeneous sample types,
such as pet food, the strong interoperability of systems from
different generations and cell types still exhibits some degree of
sample dependency.

B CONCLUSIONS

Our study demonstrates that with careful adjustment of the
instrument setups, the comparability of molecular profiles can
be achieved, ensuring that extensive databases generated by
previous-generation instruments remain relevant and useful in
long-term projects. Stable instrument quality parameters such
as mass accuracy, resolving power, and signal-to-noise ratios
form the basis for comparable detection of the molecular
essence of the samples, in terms of both chemical spaces and
the observed compositional mass signals. The unmatched mass
accuracy and resolution of FT-ICR-MS enable excellent
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alignment of spectra in direct-infusion mode, based on the
precisely determined masses of ions. The remaining differences
between the instruments are nonsystematic and sample-specific
and can be attributed to the individually optimized methods.
Even though we placed great emphasis on harmonization,
adjustments to the methodology are necessary to accom-
modate advanced technology and achieve a realistic compar-
ison scenario. We demonstrate that compositional data in
direct-infusion methods, when sufficient resolution is provided
and harmonization is achieved, maintain their enduring value
for extended projects, follow-up studies, or extensive databases.
An upgrade of instrument systems, aimed at achieving faster
acquisition rates, higher throughput, sensitivity, or more
sustainable operational costs, can be implemented, while
preserving the integrity and value of the existing data.
Undoubtedly, advanced techniques, made possible by sig-
nificantly accelerated acquisition rates, such as spectral
stitching, chromatography, or ion mobility hyphenation, will
find broader application in the future and provide new data
structures, whose interoperability and harmonization must be
similarly evaluated.
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