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ABSTRACT:A sustainable microextraction of pyrrolizidine alkaloids (PAs) from edibteinfusions using the innovative
SPEed technique is proposedefint sorbents and extraction conditions were tested, achieving the highest exiieutipn e
with an octadecylsilane sorbent (4 mg). The extraction procedure just took 1 min per sample, aridaintye8@®@nol and 300

L of the sample were used per extraction. Ultrahigh-performance liquid chromatography coupled to tandem mass spectrometr

used for analysis. The method was properly validated, providing suitable linearity, selectivity, sensiation(bjnéistD.31
g/L), overall recoveries (797%), and precision {7% relative standard deviation). Its application to the analysiseftdi
infusions of mallow, calendula, and hibissusrs revealed similar total PA values4(23g/L) and contamination prte among

the mallow and hibiscus samples, with predominance of senecionine-type and heliotrine-type PAs, respectively. Conve

calendula samples showed more variationd23g/L), highlighting the occurrence of intermedirexide and europiné-
oxide on them.

KEYWORDS:pyrrolizidine alkaloids, ediblger infusions, microextract8iEed, UHPLBAS/MS, food safety

1. INTRODUCTION gastrointestinal, relaxin?, antaémmatory, and expectorant
properties, among oth&rS.However, there are no previous

Plants belonging to the féms Asteraceae, Fabaceae y jes in the literature which analyze individual infusions of

Boraginaceae, Orchidaceae, and Apocynaceae are prod for the determinai tPAs. Onl " K
of natural toxins, so-called pyrrolizidine alkaloids (PAs), whi¢jS>€ OWErs Tor the determination of FAS. “Inly a recert wor
rom Kwon et al. performed the analysis of single dry hibiscus

can be found as potential contaminants infSoche of these les. amond other dried herbal ldascontrast. only a
plants are consumed directly, such as borage, while otli&mp ' 9 , Only

nonedible plants belonging to these families extensively gr S works have reported the analysis of herbal mixed teas

as weeds in crolds, often leading to the contamination of co_ntalnr:ng some of thesewgbrls n the![) comr;])osmon, but .
other food products. In this sense, it wstswidely assumed F,inq[t IS Wa3|/’ It 'S£§f3poss' e to attribute the occurrence o
oo ' ? s to a singleower.
that the contamination of non-PA-producing plants was due 1o : . .
the accidental inclusion of weegs or im%ﬁrities from PA- Arr:otrer relevar;]t |szue IS thatdmany of the Workhs ptl)"t}“ShEd
. . . . "In the literature that determined PAs in teas or herbal teas
roducing plants during harvest or processing. However, in t S ) ’
I%st yearg pseveral worglis have derr?onstrate(?that besides :Fgrformed the analysis directly on the dry samples instead of

contamination during harvestin rocesses, other conta R_gs'infusion&” * This is an important point to be
9 9 b X bnsidered, as some authors haverroed that not always

nation paths are possible, such as natural hquzontal transt ¢ transfer rate of PAs from the dry sample to the infusion is
through soil, animal feed, food fraud, adulteration, and so 0n00ud224 26 Therefore. it is more suitable to perform the

-drh; mtakl;a totfh thesen allkaI0|:js d IS ma|2Iyt i?soi::gtedr t|?1 I'Vf?tﬁalysis of infusion samples to achieve more reliable data of the
a ?ge,t llj ety can aiso pﬁ?’éu&e g€ fo Od C? " ca;]c 99¢8Y] intake and the exposure of consumers to these alkaloids.
€ ects ‘at long-lerm exposure. viany 1ood alerts have Accordingly, due to the potential risk for human health that

noti ed, in the last few years, high levels of these alkaloids i continuous and frequent intake of these products may
W'd.e variety of food products, making the occurrence of theéﬁtail, it is of utmost importance to monitor the occurrence of
toxins one of the main current problems in the food safety

eld?® Particularly, 15% of these alerts have been indicated =
teas and infusions made from plants amders (e.g., Received: March 29, 2022
chamomile, spearmint, rooibos, nettle, and herbal fixes)Revised: June 4, 2022
as they are products that are increasingly consumed by theFepted: June 6, 2022
population for curative and dietary purp7o§§s.

In this context, the intake obwer infusions, such as
mallow, calendula, and hibiscus, is increasing due to their
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PAs in food by high-throughput analytical procedures. In thisap tandem mass spectrometry (UHPLC-IT-MS/MS) in
context, a regulation to monitor the occurrence of theserder to propose a sustainable and sensitive analytical
alkaloids in some food products has recently been publishegethodology to monitor the occurrence of these alkaloids in
which includes maximum concentration levels for tea amtepared individual infusions of mallow, calendula, and
herbal infusions in the range 480 g/kg (for dried hibiscus owers, in which the evaluation of PAs has been
products) and 1.0 g/kg (in liquid form) for teas and scarcely studied. Moreover, the determination of PAs was
infusions intended for infants and young chifdren. directly performed in the infusion samples instead of the dry
In addition, according to this legislation, every analyticalowers, in order to perform an estimation of the real exposure
methodology designed to control these contaminants in foaaf consumers to these contaminants when they drink this type
must include a set of 21 PAs (including thewoxides, of products with therapeutic or dietetic purposes. To the best
PANOSs). Likewise, 14 additional PAs, which are isomers of our knowledge, this is thest time that SPEed is used for
one or more of the previous 21 compounds and that are knowine determination of PAs and PANOSs in food samples or other
to coelute with some of them, can also been considered if th&trices.
chromatographic method employed for the analysis is able to
separate and individually idesdi them without coelution 2. MATERIALS AND METHODS

]
prot_)lem§. . 2.1. Chemicals, Materials, and Standard SolutionsMethanol

Given the large number of PAs to be monitored, for th@y1eon), acetonitrile LCMS grade, dimethyl sulfoxide (DMSO),
determination of these compounds, it is necessary to perforng@ ammonia solution 32% were purchased from Scharlab (Barcelona,
multicomponent extraction, and afterward, a multicomponeipain). Ammonium acetate and formic acidME grade were

analysis, always considering the maximum concentration linasitguired from Fluka (Busch, Switzerland). Milli-Q water (resistivity
established for these alkaloids in their regulationthis 18.2 M cm) was obtained from a Millipore Milli-Q System
context, microextraction techniques have gradually gain@illerica, MA, USA). TheSPEed procedure was carried out with an
attention in the last few years due to their many advantaggéctronic digivol digital syringe (230 acquired from EPREP

: : ‘o Igrave, Victoria, AustraliapPEed cartridges: silica (8, 120
over conventional extraction methods, such as the minimal octadecylsilane (C18 silica-based.nB 120 A). porous

of organic_ solvents, the low amount of sample required, aQf<jinked polystyrene divinyl benzene (PS/DVEy, 300 A),
the user-friendly systems, among otffétSherefore, the use ;g porous phenyl crosslinked polystyrene divinyl benzene (PS/DVB-

of these miniaturized techniques enables the developmentrgd '3 m, 300 A) were also obtained from EPREP (Mulgrave,
environmentally friendly procedures, which meet the requirgictoria, Australia).

ments of the Green Analytical Chemistry. Standards of PAs and related PANOs with high purity grade
Among the wide variety of microextraction procedures with 90%) were acquired from PhytoLab GmbH & Co. KG
di erent formats and cagurations, the SPEed technique (Vestenbergsgreuth, Germany). Only retrorsine was from Sigma-
can be highlighted. SPEed is a promising extraction Aldrich (St. Louis, MO, USA). Individual standard solutions (1000
technique, which is an improved variant of the microextracti /mL) of each compound were prepared according to their

. lubility. Accordingly, europine, europiexide, heliotrine,
by packed sorbents (MEPS) carried out by the EPRERiotineN-oxide, intermedine, lycopsamine, retrorsine, senecionine,

company (Victoria, Australia). ThBPEed is a solid-phase- and seneciphylline were prepared in acetonitrile/DMSO (4/1, viv),
based extraction procedure miniaturized in which th@nhereas echimidine, echimidiNeoxide, intermedinél-oxide,
extraction cartridge contains a one-way pressure-driven vahstocarpine, lasiocarpiNeoxide, lycopsamiré-oxide, retrorsine

to withdraw the sampl®w in a single direction. This is the N-oxide, seneciphylliheoxide, senecionifeoxide, senecivernine,
main di erence with the MEPS technique, in which there is §eneciverning-oxide, and senkirkin were prepared in MeOH. From
two-directional ow potential (up and down) through the the individual solutions, a mix-standard solution containing all the 21
sorbent®3° In this sense, iNSPEed, thanks to the valve, the analytes at 1g/mL (each of them) was prepared in water. This

S . . multicomponent solution was used to achieve working standard
aspiration of the sample or the solvents is achieved by mean§o$l'.f1ttions in MeOH at dérent concentration levels to develop,

vacuum when the plunger is pulled back, s@theloes not  gtimize, and validate the analytical performance of the method. Al
pass through the sorbent bed as in MEPS; instead it bypasgfSstandard solutions were stored2at°C.

the sorbent. In addition, this cgaration enables constant 2.2, Samples and Preparation of Infusions. Edible dried

and high pressure (up to 1600 psivs, providing ecient owers, including mallowAl¢ea rosealant family Malvaceae),
extraction of the analytes. Another advantage isStPEed caI_epduIa(CalendL_JIa 0:ina|isplant family Asteraceae), ar_ld hi_biscus
uses smaller sorbent particles ofra3instead of the 560 (Hibiscus sabdag plant family Malvaceae), were acquired in bulk

m particles normally used in MEPS. These smaller partic/gdds at derent stores from Spain and Portugal. Sampling was

: : . performed according to the European Commission Regulation No.
gi?y;gﬁomg(;iilzu;?gﬁé;ea’ and consequently, a wiend e 401/2006 concerning sampling and analysis of mycotoxins in

. . . . foodstu >® Hence, three subsamples were acquired for each lot
Although this technique is not new, to date, it has beefumper. Sample details are showmine S1Samples were denoted

scarcely applied in food analysis despite providing quigl indicating in therst letter the type ofower (V for mallowgC for

procedures with high extraction potential, grea¢mcy, and  calendula, and for hibiscus).

simplicity. So far SPEed has been successfully applied for the Infusions of the owers were performed according to the

extraction of phenolic acids from 3ljeeextraction of manufacturersinstructions to resemble the real conditions that

polyphenols from baby foddgrihalomethane disinfection consumers carry out in the culinary preparation of these products

byproducts in watéf,and for on-column derivatization of When they acquire them. In this sense, 5 g of diedrs was
s%grt-chain fatty acids in olive oil prior to extradtion. weighed in an analytical balaro@ 1 mg) and infused with 200 mL

: . ... Of boiling water (100C), allowing brewing for 10 miRigure S}
Hence, the aim of this work was to evaluate the suitability §hep the infusion was strained and kept@tuhtil analysis. Before

the innovative SPEed technique to perform a multi- extraction, the samples weltered through a 0.45n PTFE Iter
component extraction of PAs followed by their analysis bfembrane. Each subsample was infused in triplicate, and each
ultrahigh-performance liquid chromatography coupled to iomfusion extract was analyzed in triplicate.
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Figure 1.Graphical scheme of (&3PEed comyuration and (b) experimental procedure proposed for extraction under the optimized conditions.

2.3. SPEed Extraction Procedure.Under the optimized the 21 PAsS/PANOs established as mandatory in the legislation was
conditions, the extraction of th@ver infusion extracts was carried achieved within 10 mirfrigure SR
out with the SPEed digital syringe (in the extract-discard mode) For mass spectrometry acquisition, the electrospray ionization
using the C18 sorbent as follows: the sorbentratasonditioned interface (ESI) was used in positive ion mode. The end pate o
with two aspirationdispense cycles of 1d0of MeOH followed by was set at 500 V, the capillary voltage @600 V, the nebulizer gas
two aspirationdispense cycles of 1d0of water. Then, for sample at 20 psi, the dry gas at 10 L/min, and the dry temperature°&.200
loading, three aspiratiatispense cycles of 100 of the infusion Multiple reaction monitoring scan mode was used for all analytes. To
extract were passed through the syring&SREed, sample loading achieve the mass spectrum parameters of each analyte, individual
can be performed in two dirent modes: draw-eject (the sample standard solutions (®/mL) of PAs were directly infused atoav
volume aspirated is discarded in the same vial of the sample after eaté of 4 L/min in the ESI source. This way it was possible to
extraction cycle) or extract-discard (the sample volume aspiratedidentify the precursor ion of each analyte ([M %,kithich was then
discarded in a waste vial after each extraction cycle). Accordingly, ismated and fragmentated to obtain the mass spectrdmiis
extract-discard mode was chosen for sample loading. No washing #eepcorresponding product ions of each analyte. The most intense
was performed, so after the loading step, the analytes were direptigduct ion obtained in the ®MSpectrum of each analyte was
eluted from the sorbent with 100 of MeOH into a vial for its  selected for quantiation, whereas the others were used for
subsequent chromatographic analysis. Between each extraction,gtraitative identcation purposes-igure SR
cartridge was rinsed withx4100 L of MeOH to avoid memory 2.5. Analytical Validation of the Method. The extraction
e ects (carry-over) and to act as a conditioning step before the ngxtocedure proposed using ti&PEed technique was validated in
extraction. The aspiratiatispenseow rate was automatically set in terms of accuracy, precision, linearity, matgotse(ME), and limits
all assays to 2Q/s to avoid cavitatiofrigure Ischematically shows of detection and quantation for each type odwer matrix. In this
the experimental layout described and performed under the optimizeense, samples M-1, C-1, and Hdble S) were used for the
conditions. validation determinations of mallow, calendula, and hibiscus matrices,
2.4. UHPLC-IT-MS/MS Analysi¥he chromatographic analysis respectively. Currently, there is naial regulation for the validation
of the sample extracts was performed with an UHPLC systenf analytical procedures regarding the determination of PAs and
(Dionex UltiMate 3000, Thermo SciegitiWaltham, MA, USA) PANO:s in food or feed, so these analytical parameters were evaluated
coupled to an ion-trap tandem mass spectrometer detector (E@lecording to the criteria set in the European Commission SANTE/
ITMS amaZon SL, Bruker, Billerica, MA, USA) and using a Lun&2682/2019 document and in regulation EC No 401/5666.
Omega Polar C18 column (100 mr2.1 mm, 1.6 m particle size,  Nonetheless, there is a regulation that establishes maximum levels of
Phenomenex, Torrance, CA, USA) at@5The separation of the PAs in certain foodsts?’ According to this document, the
analytes was achieved using a mobile phase gradient elution, whigximum concentration allowed for dried products intended for
was carried out by combining MeOH containing 10 mM ammoniunterbal infusions such as edible dreeders (except rooibos, anise,
acetate (solvent A) and water containing 5 mM ammonium acetatemon balm, chamomile, thyme, peppermint, lemon verbena, and
and 0.2% formic (solvent B): 5% A Q06 min), 550% A (0.57 mixtures exclusively composed of these dried herbs) ig/R§90
min), 50% A (7 7.5 min), 50 100% A (7.511 min), 100% A (11 Therefore, considering the amount of drieder used for the
12 min), 1005% A (12 14 min), and 1 min for re-equilibration to infusions (5 g) and the water volume (200 mL), 206(g
initial conditions, yielding a total analysis time of 15 min. Thecorresponds to a concentration o§A. in the infusion considering
injection volume was &, and the ow rate was set constant to 0.250 a 100% transfer rate for all the target PAs. Since previous studies have
mL/min. Under these conditions, the chromatographic separation ef/aluated transfer rates of PAs to infusions of abdl@®8&* 2°
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Figure 2.Recovery values obtained with (a) silica, (b) C18, (c) PS/DVB, (d) PS/DVB-RP cartridges f@RE#&tkanalysis of standard
solutions in water (5@/L of each analyte) at dirent pH extraction conditions (nonbadiand baséd media). Extraction conditions: cartridge
conditioning with 2 100 L methanol and 100 L cycles; % 100 L sample loading; washing with 10Qvater; elution with 100 L
methanol.

this concentration value was set as intermediate level for validatiorBased on these concentration values, and according to the
purposes. sensitivity achieved for each analyte in the UHPLC-IT-MS/MS

D https://doi.org/10.1021/acs.jafc.2c02186
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(Figures S3SH, a compromise was reached to choose/ll considered for the MDLs and MQLs, respectively. The S/N was

(corresponding to 40g/kg) and 50 g/L (corresponding to 2000  corrected by subtracting the signal obtained from the blank samples
g/kg) as low and high validation levels, respectively. In this sengept spiked) on those analytes which were detected in the samples

the accuracy was assessed for each matrix at the three concentratialyzed.

levels indicated above, and it was determined in terms of recovery. For

this purpose, recovery assays were carried out by spiking the infud%onRESULTS AND DISCUSSION

samples at the @irent concentration validation levels and, afterward; "

subjecting them to the microextraction procedure. The areas obtained3.1. Evaluation of Extraction Conditions. To establish

from the chromatographic analysis of these sample extracts were tfi# most suitable and sustainable extraction conditions for the

compared with the areas obtained from the analysis of simulatedpEed procedure, several parameters wserevaluated,

sample extracts (nonspiked infusion samples subjected to tBgch as the type of sorbent, the sample pH, the washing step,
microextraction procedure and spiked afterward their extraction e number of extraction cycles, and the elution volume. All

the same concentration level before their chromatographic analysis); avs were performed in trilicate for each optimized
The results were expressed as the mean recovery obtained from ARgaysS. P P . P
raction parameter, and the extractiociemcy was

samples n( = 9) extracted in derent days. According to the ex X .
validation guidelines, the recovery values should be between 70 &&fermined by the total peak area response observed in the
12096536 chromatographic system, or by recovery assays.

Likewise, method precisionxgeessed as relative standard First, the type of sorbent was evaluated. Strong-cation-
deviation percentage, RSD%) was assessed for each matrix atethehange (SCX) sorbents have been extensively used for the
same validation levels used for the accuracy (low, intermediate, g\gi cation of PAs from food samples, followed by reversed-
high), and it was evaluated in terms of intraday (repeatability) anghase sorbents (mainly based on C18) and mixed-mode
interday (reproducibility) precision. Intraday precision was achiev rbents (combination of reversed-phase and cation-exchange

from the analysis of six replicate extract§) obtained on the same . : . - .
day from an infusion sample spiked with the analytes at thl@'Feractlons) in_solid-phase extraction (SPE)hough

corresponding validation leuvelsted. Interday precision was mixed-mode sorbents improve selectivity and prowderdi

determined through the analysis of three replicate extracts oft§P€s of interactions, they are not currently available for
sample (spiked with the analytes at the corresponding validatioSPEed cartridges. On the other haBBEed cartridges with

level), which were carried out throughout threretit daysn(= 9). SCX sorbents are commercially available, but they were not
According to the validation recon;rralgndations, RSD values for tlevaluated because they require greater pH control throughout
precision parameters should B6%:* the analytical performance, as pH must be correctly adjusted in

Linearity for eachower matrix was determined with matrix- every step of the extraction procedure to achieve a correct
matched calibration curves, which were prepared for each matrix atigbsraction between the analytes and the sorbent and afterward
known concentration levels within the linear range evaluat® (1 their complete desorption from the sorbent with eradit

g/L). For this purpose, the sample extracts obtained after theH Thesz pH Chaan)]eS imply more time, as well as the

SPEed procedure were spiked with an aliquot of a standard solutid ; . -
containing all the target analytes according to the desirelitroduction of acids or bases that lead to dirtier extracts that

concentration of the calibration curve. Additionally, in case analyt@ke then injected in the chromatographic system and in the
could occurred in theower matrix in a natural way, an unspiked mass spectrometer (such as ammonium or sodium salts). The
sample extract (called blank sample) was also subjected to timgection of these dirtier extracts can produce loss of sensitivity
microextraction procedure and analyzed, so the analyte signal caafti precipitation problems in the chromatographic column.
be subtracted for correction purposes. According to the validatiqror these reasons, C18 sorbents were preferred. Therefore, the
guidelines, good linearity involves achievingeieme of determi-  — gorpents evaluated were silica, C18, PS/DVB, and PS/DVB-
nation @) values closed to %3¢ On the other hand, solvent-based RP. They were selected based on their availabili§Ffaed

calibration curves prepared with working standard solutions at t %gtridges and to explore other alternative sorbents and see

same concentration levels as the matrix-matched calibration cur . ! . .

and not subjected to theSPEed procedure were carried out to their possible extraction potential for this type of analytes.
determine ME. For this purpose, the slopes of the calibration The sorbents selected werst evaluated using standard
equations obtained for each analyte from both matrix-matched ag@lutions in water (50g/L of each analyte) at dirent pH
solvent-based calibration curves (both expressed in the sargé units conditions (nonbagd medium and medium adjusted to pH

L) were compared, and ME was calculated as follows: [(slope matr@.0 with ammonia solution). These sorbents were tested
matched/slope solvent-based}l] x 100. Positive values indicate under preliminary extraction conditions as follows: condition-
signal increase, while negative values mean signal suppressmn.iﬁ\éEstep of the sorbent with two aspiratéispense cycles of
within +20% can be ignored, and_ matrix-matched calibratio_n cuve®o L of MeOH followed by two aspiratiatispense cycles

can be avoided for analyte quaation. Conversely, values without of 100 L of water. Then, sample loading with aspiration

this range must be considered in calibritibikewise, when ME . .
values gre betweeB0% < MEs < 20% and 50% > MEs > 20% it dispense cycles of 100of the standard solutions. Afterward,

can be considered a sofee, while values belovs0% or above @ Washing step with one aspirattbspense cycle of 100
50% are considered as a stroegté">® of water andnally elution into the chromatographic vial with
For method selectivity, the spectra of therelit analytes two aspirationdispense cycles of 100 of MeOH ( nal
obtained from standard solutions were compared with the spectdution volume = 200L). Therefore, all the eluted extracts
obtained in the samples. Following the validation criteria, it igvere injected in the same medium (nonédsnethanol), so
considered satisfactory when variations in the spectra are less thg@y could be compared.
fgo?g‘é‘ng thi reteat'onht'":je 0; the analytes ° Vr‘]"th'” thhe ('j”ter"a' As can be observedrimure 2the silica cartridge provided
£2.5%. On the other hand, the sensitivity of the metho wasg]e worst extraction eiency toward the target analytes at

established through the method detection limits (MDLs) and metho th extracti diti ds sh d
quanti cation limits (MQLS) of the analytes in each matrix. These?Ol! EXIracion conditions, as many compounas showed very

limits were estimated based on the signal-to-noise ratio (S/NPW recovery values (3%). On the other hand, among the
provided by the UHPLC-IT-MS/MS software from the extracted iorPther cartridges, C18, PS/DVB, and PS/DVB-RP showed a
chromatograms of each analyte in eawsler matrix Figures S3 similar extraction eiency at pH 10.0 providing recoveries in
S5. Accordingly, the concentrations yielding a S/N of 3 and 10 weran acceptable range (840€5%). However, PS/DVB-RP
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Figure 3.Recovery values obtained with C18 and PS/DVB cartridges fr@REeel analysis of mallow, calendula and hibiscus infusions spiked
with the analytes (5Qy/L of each analyte) and (a) bas at pH 10.0 and (b) nonbaesil before extraction. Extraction conditions: cartridge
conditioning with 2 100 L methanol and 2 100 L cycles; % 100 L sample loading; washing with 10Qvater; elution with 100 L
methanol.

cartridge showed to be lesgdative at these conditions for  After selecting the cartridge sorbent, the number of
some compounds, such as seneciphyHmeéde (53%) and  extraction cycles (3 and 5 extract-discard cycles) was evaluated,
lycopsamine (61%). Moreover, very low recoveri8§¥a considering in both cases the washing step as well as its
were achieved for several analytes with the PS/DVB-R®nission. In general, the results obtained showed that in the
cartridge under the nonbasl extraction conditions (helio- case of mallow, the washing step did not have aebtgoa
trine, intermedine, lycopsamine, and europine). Converself)e extraction eciency of the analytes at both 3 and 5
regarding the recovery values obtained with C18 and PS/D\axtraction cycles=igure Sp Conversely, in calendula and
cartridges, in general, no bigedinces were observed among hibiscus matrices, the recovery values were in general higher
the di erent pH extraction conditions or even among the twdVith 5 extraction cycles, including the washing step than
cartridges. Therefore, among the four sorbents tested, the cAghout it (Figures S7 and Js&However, in calendula, the
and PS/DVB cartridges were selected to further evaluate thEgeovery of intermedin-oxide and lycopsamifeoxide
extraction eciency in the ower sample matrices. slightly |mproveo_l without the washing step. Th|§ suggest that
Accordingly, the same extraction procedure described abd{)g €xtraction eciency of these analytes can beeinced by
was used to extract the PAs from theer infusions of this step, promoting their early coelution due to their polar
mallow, calendula, and hibiscus spiked with the analytes at@Wracteristics. In fact, the sameetewas observed in more
g/L (of each analyte) and extracted aterint pH an_alytes using 3 extraction cycles_ln the calendula matrix
conditions (nonbasid medium and medium adjusted to (Figure S) Likewise, the results obtained showed that with 3

pH 10.0 with ammonia solution) using both C18 and PS/DV xtraction cycles, the recoveries of the analytes were in general
cartridges. ABigure & shows, low recoveries were achieveﬁetter without performing the washing step in the hibiscus

with both cartridges when the infusions wereeldat pH matrix €igure SB On the other hand, although with 5
. : extraction cycles the recovery values of some analytes were
10.0 before extraction, except for some analytes in the cas%é)t{er the recoveries obtained in the 3 matrices with 3

mallow with the C18 sorbent. Conversely, better results wef

. : . . ; Straction cycles were in all cases higher tharrig¥e (S
achieved when the infusions were notdzhbefore extrac.tlon _which are acceptable values for method perfor%ance.

. . : Mherefore, to save time and reduce the volume of samples
following trials. This may be due to the occurrence of othel,y organic solvents used in the method, it was decided to skip
components of the matrices, such as polyphenols, which Mgx \yashing step and perform 3 extraction cycles, as good and
have stronger aity for the active sites of the sorbents than, 5id recoveries were achieved under these extraction
the PAs at basic pH, leading to lower recovery values thandggitions.

the standard solutions. Likewise, it was observed that, ingjnajly, dierent elution volumes of MeOH (100, 200, and
general, better recovery values were achieved with the Cﬁ% L) were evaluated in the thremwer matrices using 3
sorbent than with the PS/DVB cartridge, mainly in the case @traction cycles and without the washing step. No big
the hibiscus matrixFigure B). Therefore, although the dj erences were observed among theeatit elution volumes
recovery values obtained for some analytes (interriedine tested, but in general, higher recovery values of the analytes
oxide and lycopsamihkoxide) were lower than 60% in the were achieved with 250 in all three matricegigure S10
calendula matrix with C1Bigure B), to reach a compromise Nevertheless, it was observed that 10@f MeOH was
among the three matrices, the C18 sorbent was selected asdheugh to elute all the analytes and achieve acceptable
best option to perform the microextraction of the 21 PAskecovery values for method performanz8%)>° obtaining
PANOSs. Moreover, this sorbent is cheaper than the PS/DVi&alues in the range 7800, 73 95, and 71107% for mallow,
cartridge. calendula, and hibiscus, respectitgyie S10
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Table 2. Validation Parameters of th8PEed Procedure Proposed for the Determination of the Target PAsS/PANOSs in
Mallow Infusion Samplés

accuracy precision

recovery mean recovery intraday interday

analytes linearityRp) (% + SD) (%+ SD) (RSD%)  (RSD%) MDL( g/Ll) MQL( g/L)  ME (%)

intermedine 0.998 89 6° 86+ 9 P 7° 0.3 1.0 6
94+ 9° 9° o°
76+ 67 79 1A

lycopsamine 0.999 &84° 88+ 7 5 5° 0.3 1.0 9
94+ 6° 4° 6°
81+ 54 79 g

europine 0.998 ap 7° 86+ 6 P 8> 0.3 1.0 42
80+ 10F 8° 1F
89+ 7 g 1A

europineN-oxide 0.998 9% 6° 90+ 9 P 7° 0.2 0.6 10
92+ 8° 3¢ 9°
80+ 99 11¢ 1

intermedineN-oxide 0.997 8g 2° 82+ 7 > 11° 0.3 1.0 29
82+ 10F 9° 1F
75+ 59 64 13

lycopsamindl-oxide 0.997 7% 10° 81+ 6 e° 1P 0.3 1.0 44
88+ 9° 7€ 11°
79+ 54 64 144

retrorsine 0.999 a7 5P 86+ 10 g 6° 0.3 1.0 53
82+ 8° 10° 10°
78+ g 59 119

retrorsineN-oxide 0.999 95 10° 89+ 9 6> 11° 0.3 1.0 22
92+ 1F 3¢ 1F
79+ 4 5d 5d

seneciphylline 0.998 B47° 83+ 3 I g° 0.3 1.0 77
85+ 7° 8° o°
79+ 64 79 79

heliotrine 0.996 86 8° 85+ 2 P 9° 0.3 0.9 47
83+ 6° 7° 8°
85+ 10 1A 1A

seneciphyllindl-oxide 0.998 85 8° 81+ 5 &° 9° 0.3 1.0 18
76+ 10F 10° 1F
83+ g 9d od

heliotrineN-oxide 0.999 85 7° 86+ 2 5 g 0.3 1.0 62
85+ 8° 5° 9°
88+ 99 g 144

senecivernine 0.999 w07° 91+ 10 P 9° 0.2 0.7 59
89+ O° 8° 10°
82+ g od g

senecionine 0.999 809° 81+ 3 * 12° 0.2 0.7 65
85+ 11° 9° 1F
79+ 49 69 13

seneciverning-oxide 0.995 92 8° 91+ 2 6° P 0.3 1.0 24
89+ 5° 3¢ 6°
91+ 6 79 g

senecionindl-oxide 0.998 74 8° 79+ 5 1P 13 0.3 1.0 37
79+ O° 8° 1F
83+ 99 g 119

echimidine 0.995 86 8° 90+ 9 P 9 0.2 0.5 59
83+ 9° 8° 10°
100+ & 64 g

echimidineN-oxide 0.997 88 7° 90+ 4 & g° 0.3 1.0 2
94+ 9° 4° 9°
87+ o 64 107

senkirkin 0.996 9p 5° 84+ 6 Vi 5° 0.3 1.0 10
78+ 5° 6° 6°
83+ o 119 119
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Table 2. continued

accuracy precision
recovery mean recovery intraday interday
analytes linearity}) (% + SD) (%+ SD) (RSD%)  (RSD%) MDL ( g/lL)  MQL( g/L) ME (%)
lasiocarpine 0.995 @211° 90+ 6 P 1° 0.3 1.0 60
94+ 5° 5° 7°
83+ 9 9 1¢?
lasiocarpindl-oxide 0.994 86 7° 87+ 7 I 8° 0.2 0.7 71
80+ 1° 7° 14
94+ o 1¢° 11¢

“Recovery: mean recovery obtained from nine samplel piked with the analytes at a known concentration level, and subjected to the
proposed extraction procedure; intraday precision: six replicate extr&r@n@lyzed on the same day of an infusion sample spiked with the
analytes at a known concentration level; interday precision: three replicates extracts of a sample analyzed throagimd utatysee @)

and spiked with the analytes at a known concentration level; MDL: method detection limit; MQL: metlcatiaubmtit; ME: matrix ect.

PLow spiked level (1g/L of ower infusion)Medium spiked level (5y/L). “High spiked level (50g/L).

Hence, as good recoveries were obtained and in order technique for the direct extraction and pation of liquid
reduce the volume of the organic solvents employed in ttsamples, such as teas and herbal infusions, which leads to the
method, it was decided to choose 10@f MeOH for the development of quick, sensitive, selective, environment-
elution step. Therefore, the overatlal experimental friendly, and cost-ective methods for the analysis of these
conditions for the SPEed procedure were C18 sorbent, 3peverages. Finally, the method proposed here can be easily
draw-eject extraction cycles ¥3100 L of sample scaled to automatic and high-throughput systems using the
nonbasied), and elution with 100L of MeOH without  ePrep Sample Preparation Workstation (EPREP, Australia).
prior washing stefrigure ). Under these conditions selected, 3.2, Method Validation. The validation parameters
the nal extraction procedure took less than 1 min per samplgvaluated in the three matrices are presenteabias 234
and only 300L of organic solvent MeOH and 3Q0of the  showing the good analytical performance of the method
sample were required per extraction, leading to an envirofleveloped. As it can be observed, good linear regression was
mentally friendly analytical method for the extraction of PAgchieved for all analytes in the three matrices over the range of
Table 1shows a comparison of the propos8®Eed  concentrations studied, providing by least-squares linear
method with other published methods that performedegression analysis excellent cieat of determinatiorRg)
determination of PAs in teas and herbal tea samples. As ¥ es higher than 0.990, which ranged between®38%

can be observed, the great majority of them used SR{g95(0.999, and 0.998.999 for mallow, calendula, and
technique for the extraction and peation of PAs in which  1i5iscus respectiveljaples 23

signi cantly higher volumes of sample and organic solvents argyp, the other hand, the results obtained from the slopes of
required. Likewise, is extremely time-consuming in compari matrix-matched and solvent-based standard calibration

30 to 500 mg compared to the 4 mg of tPEed cartridge.
For these reasons, th&PEed technique is an improved
miniaturized format of coemntional SPE that provides
multiple advantages over it, mainly quicker extractions a
less solvent consumption. The smaller particle size sorb(im
used in the SPEed enable faster extraction with elution i
narrow precise band, and the possibility of using less solv
allows achieving a very high concentration factor, which avo
!ane[)f:)er\r/r;ér:g z;tlsjtélia:;ggle;ntlevaporatlon step, as usually reporﬁl Iscus ma}trix, '17 compqunds were out of the ME range
Other works have also used the QUEChERS (acronym $£20%, but in this case, six of them showed signal increase
quick, easy, cheapeetive, rugged, and safe) stratégple  (ycopsaminél-oxide, seneciphyllifeoxide, senecionine
1). However, also higher amounts of sorbents and partitionifRide, echimidine, echimidMexide, and senkirkin), where-
salts, as well as organic solvents are required ti8®Eed as or_1|y two preseqted s_trong signal suppression (lasiocarpine
(Table ), besides being more tedious (several agitation arf-0xide and seneciphyllin&gple 4andFigure S1)1 On the
centrifugation steps) and time-consuming. On the other han@ther hand, although 13 compounds were out of the ME range
Chen et al. did not perform previous extraction of PAs frors20% in the calendula sample, this was the matrieletssia
the dry tea samples; they directly prepared the infusion af the matrix interferences, as signal increase was observed for
injected an aliquot of the sample into the chromatographié¢ analytes and only lasiocarpirexide showed strong signal
systeni? However, when using a mass spectrometer detect@yppressionr@ble 3andFigure S1)1 Although some analytes
it is not convenient to directly inject the sample extractgid not show ME, as most of them werected by
without a clean-up or putcation procedure, especially if there interferences in the threeower matrices, to reach a
are matrix interferences, as it can foul the ionization source ar@impromise, matrix-matched calibration curves were required
decrease the sensitivity of the equipment, leading to mofer quantication, so that the errors associated to matrix
frequent and thorough expensive maintenance of the detectsuppression or matrix enhancement can be considered and
Therefore, overall, th&PEed is a very suitable and potentialcompensated in calibration.

mallow matrix and less relevant in calendula, with the following
trend: malva > hibiscus > calendufayre S11 In mallow,
rl%—g compounds were out of the ME rahg@% {able 2and
ure SI)1 As previously mentioned, values betwb@%o <
s < 20% and 50% > MEs > 20% could be considered as a
eect>”*® However, in the case of mallow, 8 compounds

| showed strong signal suppression with ME values between
P and 77% {Table 2andFigure S11 In the case of the
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Table 3. Validation Parameters of th&8PEed Procedure Proposed for the Determination of the Target PAsS/PANOSs in
Calendula Infusion Sampfés

accuracy precision

recovery mean recovery intraday interday

analytes linearityRp) (% + SD) (%+ SD) (RSD%)  (RSD%) MDL( g/Ll) MQL( g/L)  ME (%)

intermedine 0.995 1P 85+ 12 r 13 0.3 1.0 24
99+ 6° 3¢ 6°
75+ 49 5d 158

lycopsamine 0.999 #58° 92+ 6 I 1 0.3 1.0 6
96+ 5° 4° 5¢
94+ o 64 od

europine 0.995 78 9° 85+ 12 18 11° 0.2 0.5 62
97+ 8&° 6° 8°
85+ 14 64 144

europineN-oxide 0.999 108 6° 97+ 15 P 6° 0.2 0.7 40
107+ 9° 8° og
80+ 84 107 144

intermedineN-oxide 0.999 o4 9° 87+ 12 P 10 0.3 1.0 21
94+ 5° 6° 7€
73+ 59 79 10

lycopsamindl-oxide 0.995 78 3° 84+ 6 P 1P 0.3 1.0 7
89+ 6° 7€ 7°
84+ 54 64 79

retrorsine 0.996 ™ 7° 83+ 10 P 11° 0.3 1.0 8
93+ 8° 5¢ 8°
83+ 119 79 13

retrorsineN-oxide 0.996 o4 7° 96+ 6 Vi 7° 0.3 1.0 2
102+ 8&° 5¢ 8°
91+ 6 64 g

seneciphylline 0.999 ¥87° 85+ 8 I 9° 0.2 0.6 39
93+ 4° 5¢ 5¢
83+ 7 g g

heliotrine 0.996 82 11° 84+ 11 P 13 0.3 1.0 28
74+ 9° 11° 128
95+ 54 59 154

seneciphyllinii-oxide 0.998 89 9° 86+ 5 P 1° 0.3 1.0 24
89+ 6° 6° 7€
80+ 49 59 107

heliotrineN-oxide 0.995 76 7° 83+ 13 P o 0.3 1.0 9
98+ 5° 5¢ 7€
74+ 39 4d 79

senecivernine 0.998 s10° 83+ 9 1P 12 0.2 0.7 11
84+ o° 4° 11°
74+ 59 79 g

senecionine 0.998 988" 84+ 12 & 9° 0.2 0.7 47
80+ 4° 4° 4°
75+ 79 od 108

seneciverning-oxide 0.998 86 9° 82+ 7 ad 10° 0.3 1.0 11
74+ 5° 7° 9°¢
85+ o 119 14

senecionindl-oxide 0.999 88 12° 87+ 3 & 13 0.3 1.0 35
89+ o° 7€ 11°
83+ 3 44 14°

echimidine 0.997 % 10° 86+ 12 & 13 0.2 0.7 43
82+ 8° 5¢ 9°¢
99+ 6 od 108

echimidineN-oxide 0.999 88 9o° 88+ 2 & 10° 0.2 0.7 25
86+ 9° log 11°
90+ g 79 g

senkirkin 0.997 a8 10° 86+ 2 P 11° 0.3 1.0 33
84+ o° 7€ 11°
85+ 10 79 119
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Table 3. continued

accuracy precision
recovery mean recovery intraday interday
analytes linearity}) (% + SD) (%= SD) (RSD%) (RSD%) MDL ( g/L) MQL( g/L) ME (%)
lasiocarpine 0.996 8911° 84+ 7 P 1° 0.3 1.0 3
87+ 7° 7° 9°
76+ g g 1¢?
lasiocarpindl-oxide 0.995 98 9° 85+ 9 10° 1 0.3 1.0 60
75+ 9° 7° 1%
88+ 11¢ 11¢ 1

“Recovery: mean recovery obtained from nine samplel piked with the analytes at a known concentration level, and subjected to the
proposed extraction procedure; intraday precision: six replicate extr&r@n@lyzed on the same day of an infusion sample spiked with the
analytes at a known concentration level; Interday precision: three replicates extracts of a sample analyzed throeigim utaysee @)

and spiked with the analytes at a known concentration level; MDL: method detection limit; MQL: metlcatiaubmtit; ME: matrix ect.

PLow spiked level (1g/L of ower infusion)Medium spiked level (5/L). “High spiked level (50g/L).

Method selectivity was successfulliiefdl No interfering g/L (not detected), and contents between the MDL and
peaks were observed at the retention time of the analytddQL were indicated as <MQL4gble SP. Figure 4shows the
which was in all cases within the inter28%. Moreover, the results obtained for the total content of PAs in the prepared
variations of the spectra obtained in the standard solutions aimfusion samples, an estimation of the total concentration of
in the sample did not excee8l0%. The method also showed PAs in the driedowers considering a 100% transfer rate of
good sensitivity. The MDLs estimated from the extracted ioRAs and the individual analysis of PAs qgednin the

chromatograms-igures S3S9 ranged from 0.2 to 0.3)/L samples analyzed.

for mallow and calendula and 0.1 to @& for hibiscus, As it can be observed, all the samples analyzed were

whereas MQLs were in the range 0.6 g/L for mallow and  contaminated with these alkaloids, but all the 21 PAs analyzed

calendula and 0.32.0 g/L for hibiscus Tables 234 were not always present. In general, the hibiscus infusions were

Satisfactory results were also found for accuracy in all ttiee least contaminated, whereas one of the calendula samples
concentration levels evaluated for all the analytes in the thrg&3) showed the highest contamination value (§13
matrices Tables 23y as the recovery values obtained in the(Figure 4a,b). As stated in the introduction, to the best of our
three levels were within the rangelZ% as speed in the knowledge, there are no previous studies in the literature which
validation guidelinés®® In this sense, the overall averageanalyze individual infusions of mallow and calendula for the
recovery values were in the rang®7982 97, and 7997% determination of PAs. Regarding hibiscus, in the work of
in the mallow, calendula, and hibiscus matrices, respectivelgron et al., samples containing hibiscus are mentioned, but
(Tables 23/ Likewise, method precision assessed in terms ofetails are not provided, so it was assumed that these samples
intraday repeatability and interday reproducibility was alseere referred to herbal mixed infusions with hibiscus in their
satisfactory at the three validation levels tested in the threempositioi? Only the work of Kwon et al. indicates the
matrices, as RSD values for the target analytes were in all casedysis of single hibiscus samples, but no PAs were detected in

20% (fables 23¢ as speced in the validation guide- these sampléSTherefore, for comparison purposes regarding
lines?>*® For intraday precision, the RSD values obtained wetée total content of PASable 1shows the range of the total
lower than 14% and for interday precision the results weRA concentration found in previous published works that
lower than 17%T@bles 234 performed determination of these alkaloids in other teas and

Overall, as the analytical parameters tested fully accoherbal tea samples. As it is shown, the total content of PAs
plished the validation guidelifi€$, the good analytical found in this work is within the range of other previous articles
performance of the SPEed procedure developed was(Table ).
demonstrated, so it can be reliably applied to the analysis ofCalendula belongs to the Asteraceae family, which it is
PAs and PANOs in herbal infusions samples. As can keown to be a PA-producing farffilyHowever, it was
observed iable 1 the analytical parameters of t8®Eed surprising to nd important contamination levels of PAs in
method proposed are similar to those of the previouslpallow and hibiscus infusions (40 and 2327 g/L,
published methods for the analysis of PAs in teas and herbedpectively) Higure 4,b), as theseowers belong to the
tea samples. Therefor&PEed constitutes a reliable, quick,Malvaceae family, which is known to be a non-PA-producing
and sustainable alternative to previous existing methodamily. Nonetheless, currently, several contamination paths of
showing that it is possible to achieve good analytic®tAs have been described (cross-contamination during harvest,
performance with a miniaturized strategy. horizontal natural transfer through soil, via bee pollination by

3.3. Application of the SPEed Procedure to the collecting pollen and nectar from PA-producing plants, etc.),
Analysis of Flower Infusions.Once the SPEed procedure so it is possible tond these alkaloids in unexpected plant-
developed was validated, it was then applied to the analysibased matrices. In fact, several authors have detected in
seven nonspiked infusion samples, including two mallow, thigevious published works high levels of PAs in teas and herbal
calendula, and three hibiscus infusion samizéde (S}, infusions obtained from non-PA-producing plants, such as
which were prepared and analyzed as previously explainegpearmint (Lamiaceae), melissa (Lamiaceae), green tea
section 2.2. Matrix-matched calibration curves obtained {Theaceae), lavender (Lamiaceae), and s$6™0r: 92>
method validation were used for quaation. When the For instance, Picron et al. detected a maximum level of 1936
content found was below the MDL, it was considered as 0.@/Kg in herbal teas without PA-producing plants in their
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Table 4. Validation Parameters of th&€PEe® Procedure Proposed for the Determination of the Target PAs/PANOS in
Hibiscus Infusion Samplgs

accuracy precision

recovery mean recovery intraday interday

analytes linearityRp) (% + SD) (%+ SD) (RSD%)  (RSD%) MDL( g/Ll) MQL( g/L)  ME (%)

intermedine 0.993 ®7° 88+ 6 14 17 0.3 1.0 24
92+ 7° 8° 9°¢
91+ 59 5d 5d

lycopsamine 0.999 8510° 86+ 12 P 1P 0.3 1.0 38
98+ 1F 4° 1
75+ 3 4 1A

europine 0.995 o4 11° 86+ 7 1P 1P 0.3 0.8 22
90+ 10° 6° 11°
78+ 6 g 9d

europineN-oxide 0.994 104 9° 91+ 16 P 13 0.3 1.0 17
100+ 9° 6° 9°¢
73+ 59 79 o4

intermedineN-oxide 0.998 95 7° 82+ 12 I 12° 0.3 1.0 22
81+ 11° 9° 14
71+ 6 79 g

lycopsamindl-oxide 0.995 88 12 89+ 10 Ly 1P 0.3 1.0 52
99+ 4° 3¢ 4°
80+ o g 1A

retrorsine 0.999 ap 8° 91+ 8 5° g° 0.3 1.0 37
98+ 4° 4° 4°
82+ 5 64 79

retrorsineN-oxide 0.994 104 7° 95+ 7 1 7° 0.3 1.0 21
98+ 4° 4° 5¢
87+ 54 4d 64

seneciphylline 0.999 N> 93+ 7 P 1P 0.2 0.8 61
87+ 5° 5¢ 6°
100+ 29 24 79

heliotrine 0.995 8p 11° 79+ 4 P 13 0.2 0.7 43
74+ 9° 1 1
82+ 3 4 64

seneciphyllind-oxide 0.998 94 11° 88+ 7 I 11° 0.3 1.0 29
81+ o° 3¢ 11°
89+ 49 19 59

heliotrineN-oxide 0.995 8% 4° 85+ 4 P 11° 0.3 1.0 3
80+ 5° 2¢ 7€
87+ 107 g 1A

senecivernine 0.997 8810° 86+ 9 1P 12 0.3 1.0 40
77+ 6° 8° 9°¢
94+ 79 g od

senecionine 0.999 829° 84+ 3 * 11° 0.3 1.0 20
83+ 11° 4° 1¥F
88+ g od 108

seneciverning-oxide 0.999 9p 2° 94+ 6 P 6° 0.3 1.0 1
92+ 7° 7° 8°
101+ 64 64 107

senecionindl-oxide 0.997 88 11° 97+ 10 12 13 0.3 1.0 51
95+ 7° 6° 8°
107+ 2¢ 2d g

echimidine 0.994 96 7° 89+ 12 P 7° 0.1 0.3 40
76+ 3° 4° 7€
96+ 5¢ 59 59

echimidineN-oxide 0.998 99 7° 95+ 6 * g° 0.3 1.0 22
98+ 6° 6° 6°
88+ o 4 107

senkirkin 0.995 ap 7° 88+ 10 P 7° 0.2 0.7 26
79+ 1F 7€ 15°
88+ o 3 107
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Table 4. continued

accuracy precision
recovery mean recovery intraday interday
analytes linearityry) (% + SD) (%+ SD) (RSD%) (RSD%) MDL ( g/L) ME (%)
lasiocarpine 0.997 @47° 91+ 4 e° 7° 0.3 29
91+ 7° 7° 8°
87+ 1¢¢ 114 1
lasiocarpindl-oxide 0.996 100 9° 94+ 7 P 9° 0.3 74
96+ 7° 3¢ 8¢
86+ 6° 3 7

“Recovery: mean recovery obtained from nine samplel piked with the analytes at a known concentration level, and subjected to the
proposed extraction procedure; intraday precision: six replicate extr&r@n@lyzed on the same day of an infusion sample spiked with the
analytes at a known concentration level; interday precision: three replicates extracts of a sample analyzed throagimd utatysee @)

and spiked with the analytes at a known concentration level; MDL: method detection limit; MQL: metlcatiaubmtit; ME: matrix ect.

PLow spiked level (1g/L of ower infusion)Medium spiked level (5y/L). “High spiked level (50g/L).

Figure 4.(a) Total content of pyrrolizidine alkaloids in infusion samjgi&s,((b) total content of pyrrolizidine alkaloids in the dry plams (
kg) considering a transfer rate of 100%, and (c) heat map plot of the individual pyrrolizidine alkaloids folarei &btk ower infusion
samples analyzed with ti#PEed method proposed. In the sample idetitin code, theast letter indicates the type ofver (M for mallow, C
for calendula and H for hibiscus).

ingredient list? Therefore, the concentrations levels found insamples provides a more reliable scenario of the real exposure

this work for mallow and hibisctég{ure 4,b) are within the  of consumers to these contaminants. Moreover, the analysis of

range reported by other authors for teas and infusions withodity samples involves more complex sample treatment and

PA-producing plants in their compositior: %2> higher consumption of reagents than the analysis of the liquid
Nonetheless, it is important to highlight that many of thesafusions Table ).

works do not analyze infusion samples, but the dry product.On the other hand, it was observed that the contamination

Only a few of the works reviewedrable levaluated the of the infusions was mainly due to fkexide forms

levels of PAs in the infusion sampte€>?%*° This is  (PANOs) in the three types obwers, which were more

important, because not always the transfer rate from the doyedominant than their corresponding PAgu(e ¢ and

product to the infusion is 1008 *° so the actual Table S This trend was also observed by other authors in

concentration levels in the infusions can beretit from  previous studies for other infusion and tea sampres?>

the dry plant. For instance, Schulz et al. analyzed both the dryRegarding the individual analysis of thereit ower

plant and their corresponding infusion samples, observingatrices analyzed, the mallow samples presented similar total

concentration ranges of PAs of 15287 and 131080 g/ PAs values among them (40 andgfL) ( Figure 4,b), and

kg, respectively. Therefore, the analysis of the infusion they also showed more or less the same contaminatien pro

M https://doi.org/10.1021/acs.jafc.2c02186
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with a predominance of senecionine-type PAs contaminatiaii types of plant-based products used for infusions, not only
in this type of plants, mainly seneciveriNrexide and  those that may naturally contain PAs, because as it has been
senecionin&l-oxide Figure 4 andTable SP These results  shown in this study, as well as in other published Waiks (
suggest a possible cross-contamination of mallow with plait this type of products can be highly contaminated with these
species belonging to the Asteraceae family, s@&mexso alkaloids entailing a concerning health risk for consumers.
vulgari$®**“? Nonetheless, although in a lesser extent, it is Overall, it is important to develop quick, selective, and
also worthy to highlight the presence of other PAs, sucsensitive analytical procedures that contribute to improve the
europineN-oxide, lasiocarpine (both heliotrine-type PAs), andjuality control of teas and herbal infusions and ensure food
intermedineN-oxide (lycopsamine-type PAs) in the mallowsafety in a sustainable way, such as the one developed in this
samplesKigure ¢ andTable S work. In this work, a quick dinsustainable analytical
Likewise, as in the case of mallow, the hibiscus samples aitsthodology based on extraction I8SPEed technique
presented similar total PAs values 243 g/L) and combined with UHPLC-IT-MS/MS was successfully devel-
contamination prée among themRigure ¥ However, in  oped and validated to monitor the occurrence of PAs in
this case, the contamination of theseers was mainly due to di erent ower infusion samples. It involved minimal
heliotrine-type PAs (europirfé-oxide and lasiocarpine), consumption of organic solvents and sample, providing high
followed by lycopsamine-type PAs (mainly echimitline extraction eciency in very short extraction time, being easier
oxide). Instead, less senecionine-type PA contamination waa®l more advantageous than other conventional extraction
observed in the hibiscus samplégufe 4 andTable S technigues, such as SPE and QUEChERS. Moreover, the
This may suggest that hibiscasvers may present cross- SPEed technique proved to be very suitable for the extraction
contamination withlBorago sppas according to previous of liquid samples, such as the case of teas and herbal infusions.
studies, the contamination of heliotrine-type PAs and thEhis is very interesting for the determination of PAs in this
occurrence of echimidine andNtexide are often associated type of samples, because it is more convenient to perform the
to this plant>*? analysis of infusions samples rather than the analysis of the dry
In contrast, the calendula samples were the ones whiplant, as not always the transfer rate of PAs from the dry
showed more variations among them, both in their total PAroduct to the infusion is 100%. In this sense, the analysis of
content and in their contamination peo(Figure 2. In this infusion samples allows a more reliable knowledge of the real
sense, sample C-1 was the least contaminated)/(33 exposure of consumers to these contaminants through the
highlighting the occurrence of europirexide (heliotrine-  intake of these products. Additionally, the analysis of dry
type PAs) on itigure 4andTable SP In contrast, a greater Ssamples often involves more tedious sample treatment and
predominance of lycopsamine-type PAs was observed higher amount of reagents is required. Moreover, the results
samples C-2 and C-3, highlighting their content in intermedirgbtained in this work highlighted the concerning high degree
N-oxide, especially in the case of Ei§ufe 4 andTable of PA contamination in plant-based products used for teas and
S2. Moreover, it was observed that in C-3, the occurrence ##fusions, which may entail a great risk to the health of
senecionine-type PAs was greater than in the other calendeg@sumers if they are consume continuously. Thus, this works
samples analyzed. In addition, also heliotrine-type PAgpresents and eient approach to contribute and improve
(europine N-oxide, lasiocarpine, and lasiocarpiraxide) ~ food safety and quality control of food items by the

were quantid in this samplé={gure ¢ andTable SP. This monitorization of PAs in a coseetive and sustainable way.
PA prole found in the calendula samples matches with the
PAs expected in thimwer as previously reported folit, ASSOCIATED CONTENT

mainly in the case of sample C-3. This suggests the natusal Supporting Information

occurrence of PAs in thiswer for being an Asteraceae plant, t,o Supporting Information is available free of charge at

which a!so justes the greater amount of PAs .foun.d in thiShttps://pubs.acs.org/doi/lo.1021/acs.jaf(:.2c02186
sample in contrast with the othewers analyzed in this work

(mallow and calendula). Information of the edible driedwers analyzed, edible
On the other hand, the total PA levels found in theaetit ower infusions prepared and analyzed, retention time,
ower samples analyzed clearly exceeded in all cases the precursor ion, and product ions of the analytes analyzed
maximum levels established in the legislation for fngume( with the UHPLC-IT-MS/MS chromatographic method
4b), 200 g/kg as previously indicatédhis is an important used, extracted ion chromatograms of pyrrolizidine

issue, as many people consume these products daily with alkaloids at 1g/L with their signal-to-noise ratio (S/
therapeutic and dietary purposes due to their gastrointestinal, N) analyzed from the spikedwer samples, recovery
relaxing, anti-immmatory, and expectoraneas, among values obtained from theSPEed analysis of the
others. *° In this sense, the safe daily intake of PAs di erent ower infusions spiked with the analytes (50
established by the European Food Safety Authority (EFSA)  d/L of each analyte) using C18 cartridge with 5 or 3
is 0.007 g per kg body weigh#Accordingly, for a person of extraction cycles in sample loading and considering the
60 kg of weight, the tolerable safe daily intake of PAs would be € ect of the washing step, comparison of recovery values
0.42 g. Therefore, considering the levels of total PAs found in ~ obtained from the SPEed analysis of thewer

the ower infusions analyzed (433 g/L), the risk infusions spiked with the analytes (§(L of each
estimation of the intake of a daily cup (200 mL) of these  analyte) using C18 cartridge withedent extraction
infusions would be more than 10 and 55 times higher thanthe ~ cycles (3 and 5 cycles) and without washing step,
tolerable maximum daily dose established (4.6 andg22.6 recovery values obtained from tB®Eed analysis of
day, respectively). Therefore, the results obtained revealed the the ower infusions spiked with the analytes ¢B0of
importance to monitor the occurrence of these alkaloids inany ~ €ach analyte) using drent elution volumes of
plant-derived product, highlighting the importance to control ~ mMethanol (100, 200, and 230, 2D plot of the matrix
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e ect of the analytes/retention time obtained in theantioxidants properties of wild edible flowers as sources of new tea
di erent edibleower infusion samples with tl8PEed  formulationsNFS J2021, 24, 15 25. o
quanti ed in the dierent edibleower infusion samples C. Flower beverages of native medicinal plants from Argentina
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analyzed by thesSPEed method propos ' antioxidant and anti-inflammatody. EthnopharmacaD21, 281
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