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Abstract

Applications of mass spectrometry-based metabolomics in food science have developed fast in
the last decade. There is currently no standard protocol for the optimization of sample extraction
in metabolomics or non-target analysis in this field. In this study, different extraction methods,
based on QUEChERS or solvent extraction with a freezing step for clean-up, were compared to
study the fate of malachite green in two different organisms, brook trout and shrimp. Extracts
were analysed using liquid chromatography coupled with high-resolution mass spectrometry.
The effect on data processing parameters on extraction selection was assessed. Results showed
that depending on the comparison criteria, matrix, mode of ionization or data processing, a
different extraction should be chosen. These results confirm the need for a standardized
procedure for the optimization of extractions in metabolomics. The selected method was applied
to incurred samples and identified des-methylated leucomalachite green as another metabolite in

brook trout and shrimp.
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1. Introduction

Seafood has a lot of nutritional benefits as it is a good source of proteins, micronutrients
such as calcium and iron, and unsaturated fats like omega-3 fatty acids, which can provide
important health benefits in terms of prevention of cardiovascular diseases and aid in the
development of the nervous system in children (FAO, 2016). In order to keep up with increased
consumer demand, aquaculture production has greatly increased in the past years (FAO, 2016),
with one consequence being the intensification of farming marked by high density and an
increase in use of therapeutants (e.g. antibiotics, antifungals, pesticides) (Sapkota et al., 2008).
Unfortunately, regulations and enforcement differ between countries, and some banned
compounds are still detected in seafood (Dinh et al., 2020). One such therapeutant is malachite
green (MQG), used as an anti-fungal treatment, which despite its ban in food producing animals
continues to be detected in aquaculture products, on account of its high efficacy, low cost and
widespread availability (EFSA, 2016). Furthermore, it continues to be used as an industrial dye,
hence its presence in seafood could be due to uptake by the fish following release of wastewater
from industrial activities (EFSA, 2016). Once absorbed, MG is rapidly metabolized in fish
species such as catfish to the more lipophilic and persistent leucomalachite green (LMG), with
demethylated forms of LMG proposed as other metabolites (Doerge, Churchwell, Gehring, Pu, &
Plakas, 1998). From a regulatory perspective, current action levels are set at 0.5 and 2 ng/g in
Canada and Europe, respectively (Health Canada, 2017). With the compound still detected in
seafood, a range of analytical methods have been reported in the literature for a variety of
matrices, e.g., trout, shrimp and carp, that achieve the low detection limits required by regulatory
levels to identify non-compliant products. These approaches involve an extraction step using a

mixture of buffer and organic solvents (e.g., acetonitrile), followed by liquid-liquid partitioning
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with dichloromethane to extract the less polar LMG and clean-up steps using solid-phase
extraction. Quantification is often achieved using liquid chromatography coupled to mass
spectrometry (LC-MS) with electrospray or atmospheric pressure chemical ionization (Doerge et
al., 1998). Extractions based on QUEChERS (quick, easy, cheap, effective, rugged and safe) or
multi-residue screening methods have also been applied (Turnipseed et al., 2017; Villar-Pulido,
Gilbert-Lopez, Garcia-Reyes, Martos, & Molina-Diaz, 2011). However, the focus of these
methods is mostly on the parent compound MG and its main metabolite LMG, thereby
disregarding other compounds of interest such as other contaminants, metabolites or possible
degradation products formed during food processing or cooking. The extraction and
identification of any of these compounds would be useful in better evaluating the risks to human
health associated with consumption of contaminated seafood. Thorough sample treatment steps
could remove some of these compounds of interest, thus simpler, more generic methods are
preferred; methods which cover a wide range of compound classes and are applicable to different
types of food matrices (Mol et al., 2008). When coupled to high-resolution mass spectrometry
(HRMS), these extractions present more advantages as they can be used for suspect and non-
target analysis in food analysis. Non target analysis allows for the identification of compounds
not yet described and for which no previous information is available (Knolhoff & Croley, 2016).
Suspect analysis or screening can be performed based on some existing information, such as
mass and formula (e.g. known list of contaminants) and in both cases, HRMS can provide the
information needed to identify compounds (accurate mass, isotope abundance) with structural
information obtained from MS/MS fragmentation (Knolhoff & Croley, 2016). MS/MS
information can also be obtained through All Ions MS/MS or data independent acquisition, in

which both precursor and fragment ions are obtained. Data independent acquisition has been



90 successfully applied for the screening of veterinary drug residues in honey (von Eyken et al.,
91  2019) and in seafood (e.g. fish and shrimp), including MG and LMG (Turnipseed et al., 2017).
92  For statistical analysis, like principal component analysis, these compounds should be detected
93  with a good reproducibility (Knolhoff, Kneapler, & Croley, 2019). Non-targeted mass
94  spectrometric methods have emerged as key methods in metabolomic studies for molecular
95 fingerprinting (Arbulu, Sampedro, Gomez-Caballero, Goicolea, & Barrio, 2015; Perez-Miguez,
96  Sanchez-Lopez, Plaza, Castro-Puyana, & Marina, 2018) and in food analysis for identification of
97  contaminants (Kunzelmann, Winter, Aberg, Hellenas, & Rosen, 2018).
98 As non-targeted screening is based on the identification of compounds for which there is
99 limited information, designing and optimizing the extraction procedure can be challenging.
100  There is currently no standardized procedure for the comparison of extractions, and different
101  approaches were presented in the literature, depending on the application/goal of the study
102  (Table 1). In metabolomics, the number of features and repeatability, often expressed as the
103  number of features with a coefficient of variation (CV) below 20 or 30%, are two parameters
104  used for comparison of extractions. The use of representative quality control (QC) samples has
105  been proposed as a strategy in metabolomic studies to correct for changes in metabolite
106  responses over time and ensure the data is robust and reproducible (Dunn et al., 2011). Pooled
107  mixes of sample extracts or standard mixtures of compounds have been proposed as QCs (Dunn
108 etal, 2011; Knolhoff et al., 2019; Perez-Miguez et al., 2018).
109 For contaminant screening/non target analysis, extraction protocols are often assessed in
110 terms of recovery and precision for specific targeted compounds. The number of detected
111 features and their CV are less common criteria in this case. Indeed, as most of the features

112 extracted may be endogenous matrix components (e.g., amino acids, sugars, lipids), evaluating
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repeatability based on the percent features with a CV < 20% may not reflect the applicability of
the method for trace contaminants. For screening approaches, optimization of extraction
protocols will seek to improve recovery and precision of a target list of analytes from different
compound classes (pesticides, antibiotics, etc.) which will then be applied to other samples to
screen for the target analytes along with other contaminants present (Jia et al., 2017).

Recently, metabolomics was found to be an appropriate strategy for the identification of
other MG metabolites in rainbow trout (Dubreil et al., 2019) but to the best of our knowledge,
this approach has yet to be used to determine MG metabolites in other species, including brook
trout or shrimp, as residues have been detected in multiple species in markets in Montreal (Dinh
et al., 2020). The objectives of the present study were to: (i) compare four different extraction
methods, based on commonly used criteria in non-target analysis, to study the fate of MG in two
different organisms, brook trout (Salvelinus fontinalis) and shrimp (Litopenaeus vannamer)
either raw or cooked; (ii) evaluate the effect of data processing parameters on the selection of the
method, and (iii) apply a metabolomics workflow to identify metabolites in muscle tissue.
Extraction methods included QUEChERS, which has been successfully applied to non-target
screening in seafood (Jia et al., 2017) along with simple solvent extraction coupled with freezing
in order to compare different sample clean-up strategies. The impact of instrument parameters,
e.g., resolving power has been assessed for their effect on features extracted (Knolhoff et.al.,
2019) while the impact of data processing parameters has been assessed in non-target analysis in
terms of compound identification, e.g., false positives (Kunzelmann et al., 2018; Tian, Lin, &
Bayen, 2019; von Eyken & Bayen, 2019). However, to the best of our knowledge, the effect of
data processing parameters like peak height thresholds, on feature extraction and repeatability

have not been studied. Therefore, the novelties of this study are the identification of other MG
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metabolites in brook trout and white shrimp, a comparison of extraction for this purpose, and the
assessment of the impact of data processing parameters on the selection of the optimal
extraction.

2. Materials and methods

2.1 Chemicals

MG chloride (>96.0%) and LMG (>98.0%) analytical standards were obtained from
Sigma Aldrich (St Louis, MO, USA). MG oxalate technical grade standards used for trout
exposure was obtained from Fisher Scientific (Waltham, MA, USA) and for shrimp exposure,
Acros Organics (Geel, Belgium). Labelled internal standards, d;-diphenhydramine and d3-6-
acetylmorphine, were purchased from Cerilliant (Round Rock, TX, USA). HPLC grade
acetonitrile, methanol, water, LC-MS grade formic acid, acetic acid and ammonium acetate were
obtained from Fisher Chemical (Pittsburgh, PA, USA). Anhydrous magnesium sulfate and
sodium acetate were purchased from Sigma Aldrich (St Louis, MO, USA). Primary secondary
amine (PSA) sorbent was purchased from Agilent (Santa Clara, CA, USA). All glassware used
was baked in an oven at 320°C for four hours and rinsed with methanol before use. Labelled
internal standard solution of 0.4 pg/mL was prepared in methanol and stored at -20°C in amber
vials. MG and LMG standards of 1 mg/mL and working standards of 20 pg/mL were prepared in
methanol and stored at -20°C in amber vials. All standards were prepared fresh every 6 months.
Five calibration standards, from 3 to 20 ng/mL, were prepared in water (0.1% formic acid).
2.2 Trout exposure

For MG exposure, two tanks of 250 L each (one control and one for exposure) were used
with ten trout (1:1 male/female) in each tank. Trout (mean length 44.6+4.5 cm) weighed between

0.6 and 2.1 kg (mean weight 1.3+£0.4 kg). Water temperature was between 4-5°C and pH 7.6.
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Trout were exposed to 2 mg/L MG for 90 minutes, after which they were sacrificed. Exposure
time, procedure, and euthanasia followed the normalized procedures accepted by the UQAR
Animal protection committee. Briefly, trout were anesthetized using MS222 (tricaine
methanesulfonate) and sacrificed by severing of the spine. Exposure time was established based
on earlier studies. Mean MG and LMG levels in rainbow trout exposed to 1.5 mg/L. MG for one
hour were 528 and 2823 ng/g respectively one day after treatment (Bajc, Jen&i&, & Sinigoj
Gacnik, 2011). Comparable levels, 590 ng/g for MG and 1030 ng/g for LMG, were obtained for
catfish exposed to 1 mg/L MG for one hour (Doerge et.al 1998). To account for discrepancies
between fish weights amongst the different exposure studies and ensure detectable levels of MG
and LMG, an experimental condition of 2 mg/L for 90 minutes was used in this study. Fish were
filleted using stainless steel knives, wrapped individually in aluminum foil and polyethylene
bags and stored at -80°C.
2.3 Shrimp exposure

Pacific white shrimp were obtained from Planet Shrimp facilities (Aylmer, ON, Canada)
Two tanks of 60 L (one control and one for exposed) each filled with distilled water were used,
with 60 shrimp per tank. Artificial seawater (16 g/L) was prepared with sea salt (Instant Ocean,
Blacksburg, VA, USA) based on recommendations from Planet Shrimp facilities. Water pH was
8, temperature of 29°C and dissolved oxygen 5 mg/L. Shrimp were exposed to 0.4 mg/L. MG for
2 hours. This level is in the range of those reported in the literature (0.2 mg/L for 2 hours)
reported to lead to muscle concentrations of 20 and 79 ng/g for MG and LMG respectively
(EFSA 2016). At the end of exposure, shrimp were sacrificed by placing them on ice. Shrimp

were individually wrapped in aluminum foil and polyethylene bags and stored at -80°C.
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2.3 Sample extraction

Trout muscle was homogenized using a blender, while shrimp muscle was homogenized
using a mortar and pestle.

Extraction 1 was adapted from Dasenaki & Thomaidis (2015). Briefly, 1.0 g of sample
was weighed into a 50 ml centrifuge tube. Water, 2 mL (0.1% formic acid v/v) was added and
the samples were vortexed for 1 minute. Acetonitrile (2 mL) followed by methanol (2 mL) were
added, with samples vortexed for 1 minute between each solvent addition. Samples were
centrifuged (Eppendorf, Hamburg, Germany) for 4400 rpm (3000 x g, 25°C) for 10 minutes.
Supernatant was collected in new tubes and transferred to -20°C for 14.5 h for lipid precipitation.
Samples were then centrifuged again for 10 minutes at 4400 rpm, filtered using a 0.22 um PTFE
filter (Canadian Life Science, Peterborough, ON, Canada) and stored in amber vials covered with
aluminum foil at -20°C.

Extraction 2 (QuEChERS) was adapted from Jia et al. (2017). Briefly, 1.0 g of sample
was weighed into centrifuge tubes, after which 5 mL (84:16 v/v) acetonitrile/water with 1%
acetic acid was added and vortexed for 1 minute. To each sample, 1.0 g of MgSO4 and 0.30 g
sodium acetate were added, vortexed for 1 minute followed by centrifugation at 4400 rpm (3000
x g,25°C) for 5 minutes. Supernatant (2 mL) was transferred to new tubes containing 0.24 g
MgSO4 and 25 mg PSA, vortexed for 1 minute and centrifuged for 5 minutes at 4400 rpm.
Extracts were filtered using a 0.22um PTFE filter and stored in amber vials at -20°C.

Extraction 3 was adapted from Nacher-Mestre, Ibanez, Serrano, Perez-Sanchez, &
Hernandez (2013). In short, 5.0 g of trout muscle or 2.0 g of shrimp muscle was weighed into 50
mL centrifuge tubes. For trout extraction, 10 mL (80:20 v/v) acetonitrile/water with 0.1% formic

acid was added, while for shrimp extraction 4 mL of the same solvent mixture was added.
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Samples were vortexed and centrifuged at 4400 rpm (3000 x g, 25°C) for 10 minutes.
Supernatant (2 mL) was transferred to new tubes, covered in aluminum foil and stored at -20°C
for 2 hours. Extracts were centrifuged again for 10 minutes, 4400 rpm, filtered using 0.22pm
PTFE filter and stored in amber vials at -20°C.

Extraction 4 followed the same protocol as extraction 3, except for no formic acid was
added.

For each extraction, 10 replicates were prepared along with 5 procedural blanks. Blanks
were prepared following the same protocols as described above, but with no sample added. Five
QC injection samples were prepared by pooling 10 uL of all extracts and blanks from all four
extractions. Extraction QCs (n=5) were prepared by pooling 20 uL of all five blanks and ten
replicates for each extraction. For LC-MS analysis, 100 pL of each sample was diluted with
water (1/10) and 50 pL of a 0.4 pg/mL solution of the labelled internal standards was added.
Extraction QCs were diluted as such to obtain 0.01 g of matrix in the vials for direct comparison
between extractions. Labelled standards were not added for quantification purposes, but rather to
monitor the instrumental variability.

Recovery experiments (n=6) were completed for both raw and cooked tissues of trout and
shrimp. Samples were spiked with MG/LMG to achieve a target concentration of 400 ng/g and
300 ng/g in trout and shrimp muscle respectively, and were allowed to equilibrate for 10 minutes
before extraction. Extracts were prepared the same way as exposed samples for LC-MS analysis.
Matrix effect and absolute recoveries were calculated according to the protocols set out by
Matuszewski, Constanzer, & Chavez-Eng (2003).

2.4. Thermal treatment

10
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To obtain cooked samples, homogenized shrimp and trout muscle were transferred to 40
mL amber vials, capped and placed in a water bath at 100°C. Trout muscle was boiled for 30
minutes, to ensure it was completely cooked. Shrimp was boiled for only 10 minutes, as a longer
boiling time led to high water loss and too much disintegration of the muscle.
2.5 Instrumental analysis

Samples were analyzed using an Agilent UHPLC 1290 coupled with an Agilent 6545
QTOF-ESI-MS, in both positive and negative ionization modes. In positive mode, mobile phases
were (A) H>O with 0.1 % formic acid and (B) acetonitrile and in negative mode, mobile phases
used were (A) 0.05 M ammonium acetate and (B) acetonitrile. For both positive and negative
modes, the same gradient elution was used, starting from 1 min 5% B, from 1 to 15 min gradient
to 100% B, from 15 to 20 min 100% B, from 20 to 20.10 min gradient to 5% B and from 20.10
to 25 min 5% B. An InfinityLab Poroshell 120 (Pheny-Hexyl, 3.0 x 100 mm, 2.7 pum, Agilent
Technologies) with a Poroshell (4.6 mm) Phenyl Hexyl pre-column was used. Flow rate was 0.2
mL/min, injection volume was 2 pL. and column temperature was 20°C. The MS parameters
were as follows: sheath gas temperature 275°C, drying gas temperature 325 °C, drying gas flow
5 L/min, sheath gas flow 12 L/min, nebulizer pressure 20 psi, capillary voltage 4000, nozzle
voltage 2000 V, fragmentor voltage 175 V, skimmer voltage 65 V. All Tons MS/MS mode at
collision energies of 0, 10, 20 and 40 V was used. Data was collected between 100 and 1700 m/z
at a rate of 3 spectra/s.

Each sample type was considered an individual batch and was run at the same time, i.e.
all four extractions for trout raw were run together (all replicates, blanks, extraction QCs and
injection QCs). Samples were kept at 4°C in the multi sampler compartment.

2.6 Data treatment

11
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SPSS Statistics software (v.26) (IBM, NY, USA) was used for statistical analysis to
compare the four extractions. A three-way ANOVA was performed with the type of extraction,
sample type (shrimp and trout) and process (raw and cooked) as the independent variables to
evaluate differences between recovery and matrix effect values. To evaluate the impact of data
processing parameters, a four-way ANOVA was performed with type of extraction, mass
window, peak filter height and post-processing peak absolute height as the independent
variables. Dependent variables considered were: (i) percentage of features with RSD<20%, (ii)
percentage of features with RSD<30%, (ii1) number of features present in all extraction QC
samples at a ratio sample/blank>2 or not present at all in blanks.

Concentrations, based on external calibration, were computed using Agilent Mass Hunter
Quantitative Analysis B.07.0. Method detection limit (MDL) and limit of quantification (LOQ)
were calculated as 36 and 100, respectively, of the procedural blanks integrated at the retention
time of the target compounds. Data alignment and feature extraction were completed using
Agilent Mass Hunter Profinder software B.08.0. A feature can be defined as an entity for which a
neutral mass, retention time and abundance can be assigned. lon species and isotopes are
included. To evaluate each extraction individually, molecular feature extraction (MFE) was
performed for each (10 replicates, 5 procedural blanks and 5 extraction QC samples), using the
following default parameters: peak filter height 200 counts, retention time window +0.30 min,
mass window +10.00 ppm, post-processing peak absolute height 1000 counts, MFE score 80.
Features were exported in Excel with only features present in all replicates at a ratio of
sample/blank>2 used to calculate repeatability, expressed as CV or relative standard deviation.

To assess the impact of data filtering parameters, each parameter was changed one a time,

while keeping the remaining parameters as default. The following values were assessed for each

12
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parameter: peak filter height 500 and 1000 counts, mass window £5 and 50.00 ppm, post-
processing peak absolute height 200 and 5000 counts. Peak filter height will set a threshold for
chemical and background noise, which can be set at 100-300 counts (Du et al., 2017; Mezcua,
Malato, Garcia-Reyes, Molina-Diaz, & Fernandez-Alba, 2009; von Eyken & Bayen, 2019). Post-
processing peak absolute height is the minimum height at which a compound is considered to be
found. For metabolite identification, control and exposed trout and shrimp samples were
extracted using Profinder default parameters and exported to .cef files. Files were imported into
Mass Profiler Professional (v 14.8, Agilent Technologies) for statistical analysis (volcano plot,
p<0.05, fold change>2) to identify statistically significant compounds that could be considered
as other metabolites of MG.
3. Results and discussion
3.1 MG and LMG extraction

All four extraction methods extracted both MG and LMG from the raw tissues of exposed
brook trout and shrimp with the average concentrations listed in Table S1. Fig.1 shows the
chromatograms for MG and LMG in standard solutions and incurred shrimp extracts. For all four
extractions, the extracted ion chromatograms showed clear peaks with little background signals.
In general, somehow better LOQs (Table S2) were achieved for LMG compared to MG; for
example, LOQ of 1.6 ng/g for LMG was determined for Extraction 1, compared to 3.0 ng/g for
MG. LMG MDLs for Extraction 2 for trout and shrimp were below the set interim limit of
quantification of 0.5 ppb set in Canada (Health Canada, 2017).

Matrix effects for MG ranged between 82 and 106% in raw trout (Table S3). Values
below 100% indicate signal suppression, while values above 100% indicate signal enhancement

(Matuszewski et al., 2003). Slight ion suppression, with matrix effects for raw trout of 89 and
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82%, was observed in Extractions 3 and 4, which can be expected as they are the simplest
extractions with very little clean-up. In cooked samples, further suppression was observed for
Extraction 4 e.g., matrix effects of 63%. Extraction 2 (QUEChERS) showed little matrix effect,
around 100%, for MG in both raw and cooked samples. Hurtaud-Pessel, Couedor, & Verdon
(2011) reported a matrix effect for MG of 88% in raw rainbow trout based on a similar extraction
with acetonitrile/magnesium sulfate, but no clean-up with sorbents. For shrimp, little matrix
effect was observed for MG for any of the extractions, with values ranging between 91 and
110%. For Extraction 2, mean values observed of 109 and 110% for raw and cooked shrimp,
respectively, are similar to those reported previously by Hurtaud-Pessel et al. (2011) for MG
(i.e., 103.7 and 105% in raw and boiled shrimp, respectively).

In terms of MG recovery, the lowest values were found for Extraction 1 (<50%), with
Extraction 2 providing the best recoveries for raw and cooked trout and shrimp (67-105%) and
best precision (RSD<30%). Recoveries of MG between 48 and 78% (depending on the spiking
level) have been reported in shrimp with a QUEChERS-like extraction based on
acetonitrile/water and magnesium sulfate/sodium acetate, but with the sorbent clean-up step
omitted (Lopez-Gutiérrez, Romero-Gonzalez, Plaza-Bolaios, Martinez-Vidal, & Garrido-
Frenich, 2012). Extractions 3 and 4 showed lower MG recoveries for shrimp (41-67%) and trout
(37-69%). Statistical analysis (Table S4) showed no significant interaction, in terms of MG
matrix effect and recovery between the three variables, type of extraction, sample type (trout or
shrimp) and process (raw or cooked) (p>0.05). However, based on between-variables
comparison, the type of extraction has a significant effect on MG matrix effect while a

significant difference was found for MG recovery between raw and cooked samples.
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For LMG, Extraction 2 again appeared to provide the best results in terms of recovery
and precision. For raw and cooked trout and shrimp, matrix effect ranging from 54 to 96% with
recoveries between 71 and 97 % were observed, similar to other studies where recoveries
between 62-112% and 101-104.8% were found in shrimp and rainbow trout (Hurtaud-Pessel et
al., 2011; Lopez-Gutiérrez, Romero-Gonzalez, Martinez Vidal, & Frenich, 2013).

For Extractions 3 and 4, the 2-hour freezing time appeared to be insufficient for removal
of lipids and proteins, as precipitate formation was observed in the filtered extracts during
storage at -20°C, even after a few days, which could have an effect on the matrix effect and
impact quantification. Indeed, for raw trout, a matrix effect of 13% was measured for LMG
(Table S3), indicating almost complete suppression. Another issue arising from the presence of
precipitates and insufficient removal of proteins from samples is column clogging and poor
performance associated with protein interactions (Sitnikov et al., 2016). Large variability in the
response for recovery samples was also observed for Extractions 3 and 4, leading to a poor
precision in terms of both matrix effect and recovery. Statistical analysis (Table S4) found a
significant interaction between the three variables for LMG recovery, with the type of extraction
and process type (raw and cooked) having a statistically significant effect. Although the use of an
internal standard could correct for the poor precision for LMG observed in Extractions 3 and 4,
due to the precipitate formation throughout storage Extraction 2 was considered to provide the
best results for MG and LMG, in terms of recovery and reduced matrix effects.

3.2 Number of extracted features
The number of features is a common parameter used for comparison of extractions in

metabolomic studies (Table 1), as it may reflect the metabolome coverage.
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The inspection of individual features revealed a large number present only in a single
sample and many others present in procedural blanks. Features retained for statistical analysis are
often filtered based on their occurrence in all or in a minimum of replicates (e.g., two out of
three) (Arbulu et al., 2015; Knolhoff et al., 2019; Sitnikov et al., 2016; Theodoridis et al., 2012).
Completely removing features that are present in blanks may remove key molecular features, so
features present in blanks or resulting from the chemical noise are often filtered based on a
specific intensity ratio comparing samples and blanks (Knolhoff et al., 2019). In this study, for
trout samples, features only present in all five replicates of each of the two fish samples and
extraction QCs, and absent in blanks or present at a sample/blank ratio (based on peak height)
above 2, were retained. For shrimp matrices, features only present in extraction QCs and absent
in blanks or present at a sample/blank ratio (based on peak height) above 2 were retained. In
general, the highest number of features for both raw and cooked trout and shrimp were observed
in Extraction 3 and 4 (Fig. 2, Tables S7 to S12). As these extractions are the most generic
extractions of the four, they may also extract other matrix components as showed by the higher
number of features and confirmed by the more pronounced matrix effects observed for the two
extractions, especially in the case of LMG in trout.

Modification of the MFE parameters, especially peak height and post-process peak
absolute height significantly decreased the number of features extracted from the matrices
(Tables S5, S7-S12). This can be expected as setting higher thresholds for peak height will
eliminate smaller peaks (e.g., chemical noise). For example, for Extraction 2 in cooked trout
negative mode, increasing the peak height from 200 to 1000 counts decreased by more than half
the number of detected molecular features. Still, with the above later threshold, Extraction 2

performed the best amongst all four extractions. In some cases, such as shrimp positive mode
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(Table S11), a slightly higher number of extracted features were obtained for Extraction 2 (868)
compared to Extraction 4 (804), when setting 5000 counts as the absolute peak height, whereas
Extraction 4 had the highest extracted features when the default parameters are used. This
indicates that features detected through Extraction 4 had relatively lower intensities compared to
Extraction 2 and were not detectable with increasing absolute peak height. In the case of cooked
trout positive mode, the highest number of features (1576) were obtained through Extraction 2,
when using the default absolute peak height of 1000 counts. When the absolute peak height was
increased to 5000 counts, it was Extraction 4 that resulted in in a slightly higher number of
features (875), compared to Extraction 2, through which only 760 features were extracted.
Hence, for cooked trout samples, features detected through Extraction 2 had lower intensities
compared to Extraction 4, which is the opposite of what was observed in shrimp samples.
3.3 Repeatability

Repeatability, often expressed as the number of features present in all replicates with
coefficient of variation (CV) or relative standard deviation (RSD) below 20 (Knolhoff et al.,
2019) or 30% (Sitnikov et al., 2016) is another parameter used to compare extractions in non-
target analysis. Particular attention should be paid to this parameter. If replicates are performed
per more than one sample (i.e., one replicate per one individual fish), as opposed to all replicates
performed per one sample (i.e., ten replicates per one individual fish), then high variability
between features will not necessarily be due to poor method precision, but it could be due to
variability among organisms (i.e., different metabolism, fat content). Sources of variability also
include experimental preparation (i.e., extraction of replicates on different days). In this study,
trout replicates were performed on two individuals (5 replicates/trout), while shrimp replicates

were performed on individual shrimps, as their weights were too low to perform all replicates on
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one individual. In trout, for the same extraction, different repeatability was observed between the
two individuals. For example, in trout raw positive mode, for Extraction 4, 66.9% of features
have an RSD<20% in fish 1. However, for fish 2, Extraction 4 only has 38.8% of features with
an RSD<20%. Similarly, for cooked trout samples analysed in negative mode, Extraction 2 has
55.6% of features <20% for fish 1, but only 11.1% of features<20% for fish 2. Therefore,
comparison of extractions based on the repeatability criterion was done based on CV of features
detected in extraction QCs. Trout samples, both raw and cooked in positive mode, had around
50% of features with RSD<20% across all four extractions (Fig. 3). On the other hand, in
negative mode, Extraction 2 had the lowest percent features with a CV<20% between the four
extractions. This trend was different in shrimp samples; Extraction 2 had the second highest %
features (62.6%) in negative mode, but the lowest in positive mode.

The modification of peak heights parameters had a statistically significant impact on
feature repeatability (Table S5). Increasing the noise threshold (peak height) should eliminate
these smaller peaks and could theoretically improve the repeatability of features. Indeed, in some
cases, for example in shrimp analyzed in positive mode, increasing the peak height from 200
counts to 500 and 1000 counts, increased the percent features with CV<20% in Extraction 1
from 51.7% to 61.8 and 63.5% respectively. But, when comparing all CV values between the
four extractions at the same parameter, e.g., 500 counts, Extraction 1 still performed the best, an
identical conclusion as with default parameters. However, extractions that have good precision
for extracted features may not always have the best precision for some target compounds, which

was the case in this study.

18



409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

3.4 Overall extraction comparison

The above results confirm that each comparison criteria varies with the matrix, the
extraction method, the instrumental analysis conditions but also with the data processing
approach. Overall, not one single extraction performed the best based on all comparison criteria
investigated (Table 2, Fig. 4) and depending on which criterion takes precedence a different
extraction would be considered optimal. Consequently, a standardization of the approaches for
the validation of metabolomics workflows, that can offer some guidance on the choice of sample
extraction method, is critically needed. Due to the high throughput of metabolomic studies,
repeatability remains a key parameter in sample preparation (Bekele et al., 2014). For example,
Sarafian et al. (2014) used a point-based system for the optimization of extraction procedures in
lipidomics, where the highest marked criteria (5 marks each) were given to repeatability and
lipid recovery compared to 2 marks for lipid coverage (i.e. different lipid groups). In cases where
the extraction that provided the highest number of features did not have the best repeatability, the
latter was preferred over number of features when choosing the optimal extraction (Arbulu et
al.2015). However, despite the importance of this evaluation parameter, there are currently
different ways of evaluating repeatability or reproducibility, with this being an aspect of sample
preparation that would benefit from a systematic approach. For instance, Xu et al. (2019) used
six biological replicates for their study on cell metabolomics with reproducibility evaluated
based on the grouping of replicates in a PCA model and CV calculated for a targeted list of
metabolites. In other cases, CV of features was also determined based on features extracted
across three replicates of the same sample (Knolhoff et al., 2019). As this study has shown,
different CVs for the extracted features were observed between two individual fish, therefore

more representative samples are needed when assessing this parameter. For this purpose, there
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are several options proposed for determining feature repeatability. (i) based on pooled QC
samples from each replicate after extraction or (ii) based on a pooled sample from each
individual which is then extracted by all methods. For example, Theodoridis et al. (2012)
prepared replicates for their solvent optimization study on grapes from a homogenous 1 kg
sample. QC standard mixtures, composed of compounds with different chemical properties and
present at high and low concentrations (Knolhoff et.al, 2019) spiked before extraction could also
be used for assessment of repeatability, besides having other advantages. They have been used
for further appraisal of data quality, e.g., mass accuracy and generation of formula for the spiked
standards and could enable comparison of different data sets (Knolhoff et al., 2019). As this
study has shown, data processing parameters e.g., peak height, had a statistically significant
effect on the detectable molecular features and repeatability and should be taken into account as
part of the sample preparation protocol for non-target analysis. The integration of the QC
standard mixtures in routine non-target analysis can allow for optimization of the data processing
parameters to improve compound identification and reduce false positives or false negatives.
Another detail that must not be disregarded is the treatment of data obtained through negative
ionization mode. The results in this study for negative ionization mode showed that while
extractions were comparable in terms of molecular features, they were not in terms of feature
repeatability. Although generally most compounds, including the two target compounds in this
study, are ionized in positive mode, analysis in negative ionization mode could also be of benefit
to identify other interesting compounds (Knolhoff et al., 2019). Therefore, the quality of data
obtained through negative ionization mode and the effect of data treatment parameters must also

be assessed.
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Overall, despite a lower number of detected molecular features in raw positive mode
observed for Extraction 2 for trout, the generated data is still of good quality with good
repeatability observed. Extraction 2 also provided the best results amongst the four extractions in
terms of precision and recovery for MG and LMG in both trout and shrimp. Although Extraction
2 extracted a lower number of features in shrimp and had the lowest percentage of features with
a CV<20% amongst all four extractions, since the same method should be applied to both
matrices to identify common or unique compounds, it was also considered the best extraction
method for shrimp muscle. Good results were also obtained for cooked trout for Extraction 2
which means that this extraction could also be applicable for other objectives, such as
identification of possible thermal transformation products formed during cooking. Therefore,
Extraction 2 was chosen in this study as the optimal extraction for identification of metabolites
of MG in exposed brook trout and shrimp.

3.5 Metabolite identification

Ten exposed and ten control trout and shrimp samples were extracted using the selected
QuEChERS method (Extraction 2). Following volcano plot analysis, 6 and 102 down-regulated
compounds (higher in exposed compared to control samples), including MG and LMG, were
identified in trout and shrimp respectively. Between those compounds, only four were common
for both matrices (Table S13). The mass and generated formula for Compound 4 matches the
mass and formula for des-methylated LMG, (ratio LMG/des-methyl LMG 6.6) which has been
previously identified as a metabolite in rainbow trout (Dubreil et al., 2019) and catfish (Doerge
et al., 1998). It was not found in exposure water samples but was retroactively detected in
calibration standards with an average ratio LMG/des-methyl LMG of 12.7. Compound 3

corresponds to des-methylated MG (ratio MG/des-methyl MG of 20.1) which was found in trout
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and shrimp exposure water samples with an average ratio MG/des-methyl MG of 1.3, compared
to an average ratio of 2.5 across the calibration standards. The des-methylated forms of the
parent compounds can also occur due to natural degradation of the compounds. Based on the
higher abundance of des-methylated LMG in incurred tissues and the fact it was not detected in
water samples, this indicates its presence in muscle is due to possible metabolism. Based on the
generated formula, Compound 1 is a possible product following cleavage of the conjugated
structure to yield a benzophenone derivative. It has been described as a photodegradation product
of MG and identified as 4-(dimethylamino)-benzophenone (DMBP) (Perez-Estrada, Aguera,
Hernando, Malato, & Fernandez-Alba, 2008). MS/MS analysis and database search through
ChemSpider (Royal Society of Chemistry) provided a match but with a low score of 80.6% for
this benzophenone derivative. It was found in calibration standards with an average peak height
of 4773 (ratio MG/DMBP 111) almost 15 times lower compared to the levels observed in
exposed samples (ratio MG/DMBP 3.5). On the other hand, the peak height in exposure water
samples was much higher (581425) with a ratio MG/DMBP of 0.58, which could be expected
from a photodegradation product. The detection of this compound in muscle tissues could be due
to oxidation of MG by hydroxy radicals. Its uptake by trout or shrimp directly from water needs
to be further investigated.
4. Conclusion

Four extraction methods based on simple, solvent extraction were successfully applied
for the screening for MG and LMG in brook trout and shrimp. Extractions were compared based
on commonly used criteria in metabolomics and contaminant screening studies. Results show
that based on different approaches, different extractions could be selected. A novel aspect of this

study was the evaluation of data processing parameters on the number of features and

22



500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

repeatability in terms of extracted features. Peak height was found to significantly influence
these two parameters, and even in some cases lead to a different extraction offering the best
results. Consequently, some compromises might be required and although a “one approach fits
all” is not always applicable, some standardization of the comparison criteria, for example on
how to evaluate repeatability or blank subtraction (should features present in blanks not be
considered at all or should there be a minimum ratio between replicate/blank) is needed. Further
development on the inclusion and utilization of QC samples can allow for better assessment of
the impact of data processing parameters and comparison of different data sets.

The optimal extraction method, based on QUEChERS, chosen in this study was used to
extract pacific white shrimp and brook trout exposed to MG. Other metabolites beside LMG had
yet to be described in these two matrices previous to this study. Based on statistical analysis, des-

methylated LMG was tentatively identified and proposed as another metabolite of MG in muscle.

Acknowledgements
We wish to acknowledge the financial support from the Natural Sciences and Engineering
Research Council of Canada (NSERC) (RGPIN/04800-2017) and the Canada Foundation for

Innovation/John R. Evans Leaders Fund grant (Project #35318) research grants to S. Bayen.

23



523

524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567

References

Arbulu, M., Sampedro, M. C., Gomez-Caballero, A., Goicolea, M. A., & Barrio, R. J. (2015).
Untargeted metabolomic analysis using liquid chromatography quadrupole time-of-flight
mass spectrometry for non-volatile profiling of wines. Anal Chim Acta, 858, 32-41.
doi:10.1016/j.aca.2014.12.028

Baduel, C., Mueller, J. F., Tsai, H., & Gomez Ramos, M. J. (2015). Development of sample
extraction and clean-up strategies for target and non-target analysis of environmental
contaminants in biological matrices. J Chromatogr A, 1426, 33-47.
doi:10.1016/j.chroma.2015.11.040

Bajc, Z., Jencic, V., & ginigoj Gacnik, K. (2011). Elimination of malachite green residues from
meat of rainbow trout and carp after water-born exposure. Aquaculture, 321(1-2), 13-16.
doi:10.1016/j.aquaculture.2011.08.027

Bekele, E. A., Annaratone, C. E., Hertog, M. L., Nicolai, B. M., & Geeraerd, A. H. (2014).
Multi-response optimization of the extraction and derivatization protocol of selected
polar metabolites from apple fruit tissue for GC-MS analysis. Anal Chim Acta, 8§24, 42-
56. doi:10.1016/j.aca.2014.03.030

Capriotti, A. L., Cavaliere, C., Piovesana, S., Samperi, R., & Lagana, A. (2012). Multiclass
screening method based on solvent extraction and liquid chromatography-tandem mass
spectrometry for the determination of antimicrobials and mycotoxins in egg. J
Chromatogr A, 1268, 84-90. doi:10.1016/j.chroma.2012.10.040

Dasenaki, M. E., & Thomaidis, N. S. (2015). Multi-residue determination of 115 veterinary
drugs and pharmaceutical residues in milk powder, butter, fish tissue and eggs using
liquid chromatography-tandem mass spectrometry. Anal Chim Acta, 880, 103-121.
doi:10.1016/j.aca.2015.04.013

Dinh, Q. T., Munoz, G., Vo Duy, S., Tien Do, D., Bayen, S., & Sauvé, S. (2020). Analysis of
sulfonamides, fluoroquinolones, tetracyclines, triphenylmethane dyes and other
veterinary drug residues in cultured and wild seafood sold in Montreal, Canada. Journal
of Food Composition and Analysis, 94, 103630. doi:10.1016/j.jfca.2020.103630

Doerge, D. R., Churchwell, M. 1., Gehring, T. A., Pu, Y. M., & Plakas, S. M. (1998). Analysis of
malachite green and metabolites in fish using liquid chromatography atmospheric
pressure chemical ionization mass spectrometry. Rapid Commun Mass Spectrom, 12(21),
1625-1634. doi:10.1002/(SICI)1097-0231(19981115)12:21<1625::AID-
RCM373>3.0.CO;2-1

Du, B., Lofton, J. M., Peter, K. T., Gipe, A. D., James, C. A., McIntyre, J. K., . . . Kolodziej, E.
P. (2017). Development of suspect and non-target screening methods for detection of
organic contaminants in highway runoff and fish tissue with high-resolution time-of-
flight mass spectrometry. Environ Sci Process Impacts, 19(9), 1185-1196.
doi:10.1039/c7em00243b

Dubreil, E., Mompelat, S., Kromer, V., Guitton, Y., Danion, M., Morin, T., . .. Verdon, E.
(2019). Dye residues in aquaculture products: Targeted and metabolomics mass
spectrometric approaches to track their abuse. Food Chem, 294, 355-367.
doi:10.1016/j.foodchem.2019.05.056

Dunn, W. B., Broadhurst, D., Begley, P., Zelena, E., Francis-MclIntyre, S., Anderson, N., . . .
Human Serum Metabolome, C. (2011). Procedures for large-scale metabolic profiling of

24



568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612

serum and plasma using gas chromatography and liquid chromatography coupled to mass
spectrometry. Nat Protoc, 6(7), 1060-1083. doi:10.1038/nprot.2011.335

EFSA. (2016). Scientific opinion on malachite green in food. EFSA Journal, 14(7), 4530-4580.
doi:10.2903/j.efsa.2016.4530

FAO. (2016). The state of world fisheries and aquaculture.

Gros, M., Petrovic, M., & Barcelo, D. (2006). Development of a multi-residue analytical
methodology based on liquid chromatography-tandem mass spectrometry (LC-MS/MS)
for screening and trace level determination of pharmaceuticals in surface and
wastewaters. Talanta, 70(4), 678-690. doi:10.1016/j.talanta.2006.05.024

HealthCanada. (2017). Malachite green: Questions and answers.

Hurtaud-Pessel, D., Couedor, P., & Verdon, E. (2011). Liquid chromatography-tandem mass
spectrometry method for the determination of dye residues in aquaculture products:
development and validation. J Chromatogr A, 1218(12), 1632-1645.
doi:10.1016/j.chroma.2011.01.061

Jia, W., Chu, X., Chang, J., Wang, P. G., Chen, Y., & Zhang, F. (2017). High-throughput
untargeted screening of veterinary drug residues and metabolites in tilapia using high
resolution orbitrap mass spectrometry. Anal Chim Acta, 957, 29-39.
doi:10.1016/j.aca.2016.12.038

Kellogg, J. J., Wallace, E. D., Graf, T. N., Oberlies, N. H., & Cech, N. B. (2017). Conventional
and accelerated-solvent extractions of green tea (Camellia sinensis) for metabolomics-
based chemometrics. J Pharm Biomed Anal, 145, 604-610.
doi:10.1016/j.jpba.2017.07.027

Knolhoff, A. M., & Croley, T. R. (2016). Non-targeted screening approaches for contaminants
and adulterants in food using liquid chromatography hyphenated to high resolution mass
spectrometry. J Chromatogr A, 1428, 86-96. doi:10.1016/j.chroma.2015.08.059

Knolhoff, A. M., Kneapler, C. N., & Croley, T. R. (2019). Optimized chemical coverage and
data quality for non-targeted screening applications using liquid chromatography/high-
resolution mass spectrometry. Anal Chim Acta, 1066, 93-101.
doi:10.1016/j.aca.2019.03.032

Kunzelmann, M., Winter, M., Aberg, M., Hellenas, K. E., & Rosen, J. (2018). Non-targeted
analysis of unexpected food contaminants using LC-HRMS. Anal Bioanal Chem,
410(22), 5593-5602. doi:10.1007/s00216-018-1028-4

Lim, D. K., Long, N. P., Mo, C., Dong, Z., Lim, J., & Kwon, S. W. (2018). Optimized Mass
Spectrometry-Based Metabolite Extraction and Analysis for the Geographical
Discrimination of White Rice (Oryza sativa L.): A Method Comparison Study. J AOAC
Int, 101(2), 498-506. doi:10.5740/jaoacint.17-0158

Loépez-Gutiérrez, N., Romero-Gonzélez, R., Martinez Vidal, J. L., & Frenich, A. G. (2013).
Analysis of triphenylmethane dyes in seafood products: a review of extraction methods
and determination by liquid chromatography coupled to mass spectrometry. Analytical
Methods, 5(14), 3434. doi:10.1039/c3ay40485d

Lépez-Gutiérrez, N., Romero-Gonzélez, R., Plaza-Bolanos, P., Martinez-Vidal, J. L., & Garrido-
Frenich, A. (2012). Simultaneous and Fast Determination of Malachite Green,
Leucomalachite Green, Crystal Violet, and Brilliant Green in Seafood by Ultrahigh
Performance Liquid Chromatography—Tandem Mass Spectrometry. Food Analytical
Methods, 6(2), 406-414. doi:10.1007/s12161-012-9456-9

25



613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658

Matuszewski, B. K., Constanzer, M. L., & Chavez-Eng, C. M. (2003). Strategies for the
Assessment of Matrix Effect in Quantitative Bioanalytical Methods Based on
HPLC-MS/MS. Analytical Chemistry, 75(13), 3019-3030. doi:10.1021/ac020361s

Mezcua, M., Malato, O., Garcia-Reyes, J. F., Molina-Diaz, A., & Ferndndez-Alba, A. R. (2009).
Accurate-Mass Databases for Comprehensive Screening of Pesticide Residues in Food by
Fast Liquid Chromatography Time-of-Flight Mass Spectrometry. Analytical Chemistry,
81(3), 913-929. d0i:10.1021/ac801411t

Mol, H. G. J., Plaza-Bolafios, P., Zomer, P., de Rijk, T. C., Stolker, A. A. M., & Mulder, P. P. J.
(2008). Toward a Generic Extraction Method for Simultaneous Determination of
Pesticides, Mycotoxins, Plant Toxins, and Veterinary Drugs in Feed and Food Matrixes.
Analytical Chemistry, 80(24), 9450-9459. doi:10.1021/ac801557f

Nacher-Mestre, J., Ibanez, M., Serrano, R., Perez-Sanchez, J., & Hernandez, F. (2013).
Qualitative screening of undesirable compounds from feeds to fish by liquid
chromatography coupled to mass spectrometry. J Agric Food Chem, 61(9), 2077-2087.
doi:10.1021/j304478n

Perez-Estrada, L. A., Aguera, A., Hernando, M. D., Malato, S., & Fernandez-Alba, A. R. (2008).
Photodegradation of malachite green under natural sunlight irradiation: kinetic and
toxicity of the transformation products. Chemosphere, 70(11), 2068-2075.
doi:10.1016/j.chemosphere.2007.09.008

Perez-Miguez, R., Sanchez-Lopez, E., Plaza, M., Castro-Puyana, M., & Marina, M. L. (2018). A
non-targeted metabolomic approach based on reversed-phase liquid chromatography-
mass spectrometry to evaluate coffee roasting process. Anal Bioanal Chem, 410(30),
7859-7870. doi:10.1007/s00216-018-1405-z

Sapkota, A., Sapkota, A. R., Kucharski, M., Burke, J., McKenzie, S., Walker, P., & Lawrence, R.
(2008). Aquaculture practices and potential human health risks: current knowledge and
future priorities. Environ Int, 34(8), 1215-1226. doi:10.1016/j.envint.2008.04.009

Sarafian, M. H., Gaudin, M., Lewis, M. R., Martin, F. P., Holmes, E., Nicholson, J. K., &
Dumas, M. E. (2014). Objective set of criteria for optimization of sample preparation
procedures for ultra-high throughput untargeted blood plasma lipid profiling by ultra
performance liquid chromatography-mass spectrometry. Anal Chem, 86(12), 5766-5774.
doi:10.1021/ac500317¢

Sitnikov, D. G., Monnin, C. S., & Vuckovic, D. (2016). Systematic Assessment of Seven Solvent
and Solid-Phase Extraction Methods for Metabolomics Analysis of Human Plasma by
LC-MS. Sci Rep, 6, 38885. doi:10.1038/srep38885

Theodoridis, G., Gika, H., Franceschi, P., Caputi, L., Arapitsas, P., Scholz, M., . . . Mattivi, F.
(2012). LC-MS based global metabolite profiling of grapes: solvent extraction protocol
optimisation. Metabolomics, 8(2), 175-185. doi:10.1007/s11306-011-0298-z

Tian, L., Lin, L., & Bayen, S. (2019). Optimization of the post-acquisition data processing for
the non-targeted screening of trace leachable residues from reusable plastic bottles by
high performance liquid chromatography coupled to hybrid quadrupole time of flight
mass spectrometry. Talanta, 193, 70-76. doi:10.1016/j.talanta.2018.09.070

Turnipseed, S. B., Storey, J. M., Lohne, J. J., Andersen, W. C., Burger, R., Johnson, A. S., &
Madson, M. R. (2017). Wide-Scope Screening Method for Multiclass Veterinary Drug
Residues in Fish, Shrimp, and Eel Using Liquid Chromatography-Quadrupole High-
Resolution Mass Spectrometry. J Agric Food Chem, 65(34), 7252-7267.
doi:10.1021/acs.jafc.6b04717

26



659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674

Villar-Pulido, M., Gilbert-Lopez, B., Garcia-Reyes, J. F., Martos, N. R., & Molina-Diaz, A.
(2011). Multiclass detection and quantitation of antibiotics and veterinary drugs in
shrimps by fast liquid chromatography time-of-flight mass spectrometry. Talanta, 85(3),
1419-1427. doi:10.1016/j.talanta.2011.06.036

von Eyken, A., & Bayen, S. (2019). Optimization of the Data Treatment Steps of a Non-targeted
LC-MS-Based Workflow for the Identification of Trace Chemical Residues in Honey. J
Am Soc Mass Spectrom, 30(5), 765-777. doi:10.1007/s13361-019-02157-y

von Eyken, A., Furlong, D., Arooni, S., Butterworth, F., Roy, J.-F., Zweigenbaum, J., & Bayen,
S. (2019). Direct injection high performance liquid chromatography coupled to data
independent acquisition mass spectrometry for the screening of antibiotics in honey.
Journal of Food and Drug Analysis, 27(3), 679-691.
doi:https://doi.org/10.1016/j.jfda.2018.12.013

Xu, X., Zang, Q., Zhang, R., Liu, J., He, J., Zhang, R., & Abliz, Z. (2019). Systematic
optimization and evaluation of sample pretreatment methods for LC-MS-based
metabolomics analysis of adherent mammalian cancer cells. Analytical Methods, 11(23),
3014-3022. doi:10.1039/c9ay00792;j

27



675
676  Table 1:

677  Criteria used for extraction comparison in non target/screening analysis

Approach Matrix Application Extractions tested Criteria Reference
Metabolomics ~ wine identification of non- centrifugation o number of features Arbulu et al., 2015
volatile/semi-volatile  filtration o repeatability (expressed as CV of
metabolites direct injection features)
rice metabolome profiling  different solvents e extraction efficiency of various Limetal., 2018
and geographic compound classes (lipids, sugars,
discrimination lysophospholipids)
o ability to discriminate between
different geographic rice samples
green tea metabolome profiling  accelerated solvent e extraction efficiency of catechins Kellogg, Wallace, Graf,
extraction (expressed as concentration) Oberlies, & Cech, 2017
benchtop extraction o tepeatability (expressed as standard
deviation of extracted catechins)
» metabolome profile (based on
Principal Component Analysis
clustering)
apple extraction polar different solvents » extraction efficiency of target polar Bekele, Annaratone,
metabolites metabolites (expressed as ratio Hertog, Nicolai, &
between metabolite response vs. Geeraerd, 2014
maximum response across all
methods)
» repeatability (expressed as relative
standard deviation RSD of target
metabolites)
» recovery of target metabolites
grapes metabolome profiling  different solvents o number of features Theodoridis et al., 2012
» repeatability (expressed as RSD of
features)
coffee metabolite different solvents ¢ number of features Perez-Miguez et al.,
identification related to 2018
the roasting process
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Contaminant
screening

plasma

plasma

glioma cell
lines

shrimp, fish,
eel

fish liver,
water

cgg

tilapia

lipid profiling

non lipid metabolome
profiling

global metabolomics

veterinary drug
screening

organic contaminant
screening

antimicrobials and
mycotoxins screening

veterinary drug
screening

different solvents

different solvents, SPE

different quenching
solvents, cell disruption
methods and solvent
extraction

acetonitrile/SPE
extraction (with different
levels of acids)
accelerated solvent
extraction (different
adsorbents and solvents)
QuEChERS

QuEChERS (different
solvents, pH, sample
weight to solvent volume
ratio)

QuEChERS (solvent
volume, pH, amount
sorbent)
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protocol simplicity

lipid recovery

lipid coverage

protein removal efficiency
repeatability (expressed as CV of
features)

recovery of target metabolites

matrix effects

number of metabolites detected
repeatability of features (expressed as
RSD)

PCA analysis

reproducibility and reliability
(assessed as grouping of replicates in
PCA and CV of metabolites)
metabolite coverage extraction
efficiency (expressed as intensity of
68 target metabolites)

recovery of analytes

number of features
rate % false negatives

recovery, matrix effect and RSD of
target compounds

recovery of target analytes

Sarafian et al., 2014

Sitnikov, Monnin, &
Vuckovic, 2016

Xuetal., 2019

Turnipseed et al., 2017

Duetal., 2017

Capriotti, Cavaliere,
Piovesana, Samperi, &
Lagana, 2012

Jiaetal., 2017



678

679

680

681

682

683

684

685

General

wastewater

fish, breast
milk

infant rice
cereal,
orange juice,

yogurt

pharmaceuticals
screening

PAHEs,
pharmaceuticals,
PCBs, pesticides
screening
general chemical
coverage

SPE (different cartridges,
pH)

QuEChERS (amount
sorbent, pH)

SPE

dilute and shoot
acetonitrile extraction
QuEChERS

recovery of target analytes

recovery of target analysis

number of features

repeatability (expressed as CV of
features)

unique features

chemical coverage (molecular weight,
chromatographic retention)

Gros, Petrovic, &
Barcelo, 2006

Baduel, Mueller, Tsai, &
Gomez Ramos, 2015

Knolhoff et al., 2019
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687  Fig. 1: Extracted ion chromatogram for MG (m/z 329.2012; Fig. A-E) and LMG (m/z 331.2168;
688 Fig. F-J) in extracted shrimp and pure solvent.
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692

693

694

695
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697  Fig.2: Number of molecular features extracted in trout and shrimp samples in different ionization
698 modes
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700  Fig.3: Percentage of molecular features with CV<20 % in extracted trout and shrimp in different
701 ionization modes
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702  Table 2:

703 Optimal extraction of MG exposed trout and shrimp based on different criteria of comparison

Criteria

Best extraction

Recovery of target analytes

Precision of target analytes

Number of molecular features

Repeatability of features

Extraction 2 for both trout and shrimp
Extraction 2 for both trout and shrimp
Trout raw positive mode: Extraction 1
Trout raw negative mode: Extraction 3
Trout cooked positive mode: Extraction 2
Trout cooked negative mode: Extraction 4
Shrimp positive mode: Extraction 4
Shrimp negative mode: Extraction 4
Trout raw positive mode: Extraction 1
Trout raw negative mode: Extraction I
Trout cooked positive mode: Extraction 1
Trout cooked negative mode: Extraction 4
Shrimp positive mode: Extraction 4

Shrimp negative mode: Extraction 4

704

705

706

707
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Raw shrimp (-)
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= Extraction 2
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mode

———Extraction 3

Raw trout MG
120

100
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Extraction 4

and LMG, (C) features with CV<20% and (D) CV<30%
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Raw trout (-) mode
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Fig. 4: Extraction comparison based on: (A) number of features in QC ratio sample/blank>2 and absent in blanks, (B) recoveries MG



