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Abstract

A new method to quantify the mycotoxin ochratoxin(BTA) in coffee and tea samples is
proposed based on second-order multivariate céibioraand excitation-emission fluorescence
matrix (EEFM) data. Experimental conditions werdimjzed by studying the effect of pH and
various organized media on the fluorescence sigh@®TA. For each analysed matrix (coffee
grains and tea leaves), several sample pretrearaadtcalibration methods (external or standard
addition) and data processing by chemometric mo@ets, parallel factor analysis/PARAFAC
and multivariate curve resolution-alternating leasfuaressMCR-ALS) were evaluated and
discussed. The MCR-ALS algorithm provided an adggfiato the data for both samples, while
PARAFAC was satisfactory only for the tea samplisgarding the figures of merit, the limits of
detection were in the range of 0.2—-0.3 ng nfurthermore, low relative prediction errors,
between 2% and 4%, were achieved in both the iaitiind real samples. Accordingly, the
proposed methodology was applied to analyse fedifoasted and green coffee and real tea leaf
samples. Satisfactory recoveries were achievedjifrgnfrom 92 to 110%), and the obtained
concentrations were in agreement with the valudaioéd by the reference method (based on
high-performance liquid chromatography with fluaresce detection/HPLC-FLD). In addition,
all samples contained OTA levels lower than the imar permissible levels. Finally, the
proposed strategy allows the use of green analydiemistry principles; for instance, the use of
organic solvents and the generation of waste ptsduere significantly lower than for similar

analytical methods reported in the literature.

Keywords: Ochratoxin A; Fluorescence spectroscopy; Secondromdultivariate calibration;

Coffee samples; Tea leaves
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1. Introduction

Ochratoxin A (OTA) is a mycotoxin produced by difat Aspergillus and Penicillium
fungal species [1,2] that presents elevated tgxmitd nephrotoxic effects, with teratogenic and
immunosuppressive effects in animals and humang].[2dditionally, OTA has been classified
by the International Agency for Research on CafiédRC) as possibly carcinogenic (2B group)
[7]. OTA is commonly found in food and feed, inclng cereals, oleaginous seeds, groundnuts,
spices, coffee beans and even beverages such rasviee and tea [8—10]. Due to the potential
risk of exposure to OTA through the consumptioncofitaminated food, several international
organizations have established control and maxinpemmissible levels in a wide variety of
foodstuffs [11,12].

In particular, the presence of OTA has been reddrténighly consumed beverages such
as coffee and tea [13-15]. Coffee beans and te@deean be contaminated with OTA during
storage and transport processes, where, in addditime processing stages, the temperature and
humidity can increase the production of OTA [16,17]

To reduce the risk of exposure, the European Cosiomshas established a maximum
permissible OTA concentration of 5 pgkin ground roasted coffee and 10 pg*kig soluble
coffee [12], while maximum levels in both greenfeef beans and tea leaves have not been
established [18]. However, OTA levels above thevedld limits are frequently found in the
above types of samples [19,20]. Thus, to assessgkef human exposure, it is necessary to
determine OTA content in food and beverages withsiige and reliable analytical methods

developed for this purpose.
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The proposed methods for OTA determination invodwe extraction/clean-up process
followed by analytical determination procedures.nylaoptions have been proposed for the
pretreatment of coffee beans and tea extractshierdetection of OTA, such as solid phase
extraction (SPE) specifically using immunoaffiniplumns (IACs) and quick, easy, cheap,
effective, rugged and safe (QUEChERS); IACs arenthst commonly used approach, achieving
adequate selectivity, sensitivity and satisfactegovery percentages that are commonly between
75 and 120% [8,21,22]. Regarding the quantificabdb®TA, thin layer chromatography (TLC)
and enzyme-linked immunosorbent assays (ELISAsk Hasen reported; however, the most
commonly used methods are high-performance liqumioroatography with fluorescence
detection (HPLC-FLD) or mass spectrometry (HPLC-MB),22]. Unfortunately, these
techniques are time consuming and produce largeiatmof organic solvent waste, which is not
environmentally friendly.

Fluorescence spectroscopy appears to be an intgrestategy for OTA determination,
considering that OTA is inherently fluorescent. Famganic pollutants, this technique has
exhibited high sensitivity and selectivity with @\l consumption of toxic organic solvents, thus
showing promise as a green analytical method [232dwever, a lack of selectivity can be
problematic when a fluorometric assay is carried[®%], and in this particular case, coffee has a
remarkably complex matrix that hinders the potémtédection of OTA [17,21,26]. The coupling
of fluorescence with modern chemometric tools sashmultivariate calibration allows the
extraction of analyte information from poorly selee instrumental signals, which restores the
selectivity of the studied system, especially weenond- or higher-order data are used [27,28].
In this context, some algorithms provide a “secondkr advantage”, a property that allows the
accurate quantification of one or more analytescamplex samples containing unexpected

interferences not considered in the calibration[88}. Currently, only two methods based on
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fluorescence detection and multivariate calibratéwea reported for the determination of OTA
[24,30]. In these works, OTA was determined in akesd peanut samples. However, no similar
approaches have been reported for OTA determinatidnighly consumed foodstuffs such as
coffee and tea.

In this work, a new analytical method based on riésoence spectroscopy coupled to
second-order multivariate calibration is evaluated OTA determination in ground roasted
coffee, green coffee beans and tea leaves. Therafothis work, the analytical performance of
some second-order multivariate algorithms, suclpasillel factor analysis (PARAFAC) and
multivariate curve resolution-alternating leasta@s (MCR-ALS), were evaluated for modelling
excitation-emission fluorescence matrices (EEFM#)ich were then used for a quantitative
analysis of OTA in the selected matrices. Finabyter optimization of the experimental
conditions, the proposed method was successfupiieapto the quantification of OTA in coffee

(ground roasted and green beans) and tea leaf samiper a simple pretreatment of the sample.

2. Experimental

2.1. Reagents and solutions

All experiments were performed with analytical gratkagents, which were used as
received: sodium hydroxide (NaOH), sodium phosphate@obasic (NakPQ), sodium chloride
(NaCl) and potassium chloride (KCI) were purchaged Merck SA (Darmstadt, Germany);
sodium hydrogen carbonate (NaHg@nd ammonium chloride (NJ@l) were obtained from
Cicarelli (San Lorenzo, Argentina); and sodium pgitege dibasic (N&IPO,) was obtained from
JT Baker (Waltham, MA, USA). Hexadecyltrimethylamman bromide (HTAB),

hexadecyltrimethylammonium chloride (HTAC), sodiwadecyl sulfate (SDS), Triton X 100
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(TX-100) andp-methylcyclodextrin were obtained from Sigma Aldri¢Steinheim, Germany).
Acetonitrile, methanol, ammonia solution (25%) aimining hydrochloric acid (37%) were
purchased from Merck KGaA (Darmstadt, Germany). ti&cacid (glacial) was obtained from
Sintorgan (Buenos Aires, Argentina). All of thesagents were HPLC grade.

Ultrapure water provided by a Milli-Q purificatiogystem was used. Immunoaffinity
columns (Ochratest®) were purchased from R-Biophé&Biasgow, Scotland). Ochratoxin A,
sterigmatocystin (STE) and zearalenone (ZEN) werelhmased from Sigma Aldrich (Steinheim,
Germany).

A stock standard solution of OTA (100.0 pg MLwas prepared in methanol, and stock
standard solutions of STE and ZEN (100.0 pg hivere prepared in acetonitrile. All solutions
were stored in silanized amber vials at 4 °C in daek. Working solutions were prepared
immediately before use by taking appropriate aligud diluted methanol solutions, drying the
solvent under a nitrogen stream and adding the unedr the fluorescence analysis or mobile
phase (see below) for dilution to the desired cotradions.

To evaluate the effect of pH on the fluorescenpoese, HCI (0.1 mol 1) and NaOH
(0.1 mol Y were used. All solutions of organized media (6.6®l L") were prepared directly
in ultrapure water. For the analysis of OTA in eeffsamples, a phosphate-buffered saline
solution (PBS, pH 7.4) containing NaP{; (0.2 g LY, NaHPO, (1.2 g Y, NaCl (8.0 g [Y)
and KCI (0.2 g [Y) was prepared and used for the extraction proeedior the measurement of
EEFMs for calibration, validation, and coffee saegplan ammonia buffer (pH = 9.3) containing
NH.,CI and NH; (0.020 mol mL") was prepared.

Mycotoxin solutions were handled with extreme d@leves and protective clothing) due
to their high toxicity. After every analysis, allaterials were decontaminated overnight with

sodium hypochlorite solution and then washed wittapure water.
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2.2. Instrumentation

Fluorescence measurements were performed on anMaaey Eclipse (Varian, Mulgrave,
Australia) luminescence spectrometer equipped avithWW Xenon pulse lamp and connected to a
PC microcomputer. EEFMs were measured in range&&30£406 nm (every 2 nm, excitation)
and 410-510 nm (every 1.67 nm, emission) for tlieeanalysis and 310-390 nm (every 2 nm,
excitation) and 450-580 nm (every 2 nm, emission)tie tea analysis. Both the excitation and
emission slit widths were 10 nm using 1.00 cm quastlls. The photomultiplier tube (PMT)
sensitivity was fixed at 720 V and 700 V for thdfee and tea analyses, respectively, and the
scan rate was 1000 nm minThe EEFMs were saved in an ASCII format and feamed to a PC
for subsequent chemometric analysis.

Chromatographic runs were performed on an HP 12p@dl chromatograph (Agilent
Technologies, Waldbronn, Germany) equipped wittegadser, quaternary pump, column oven,
manual six-way injection valve with a 504 fixed loop, multi-scan fluorescence detector and
ChemStation software package to control the ingtntrand data acquisition. The Poroshell 120
EC-C18 column (Agilent Technologies, Santa Clard, GSA) packing had a solid 4.6 mm core
with a porous 50 mm thick outer layer and a totaftiple size of 2.7um. The column
temperature was set to 40 °C. The data acquisatn@hinstrumental control were performed with

an HPLC 1200 software package.

2.3 Calibration, validation and test samples
A calibration set was prepared in duplicate witlreseconcentrations of OTA equally
spaced in a range of 0-21.0 ng LA validation set of six samples was prepared egipt

concentrations different from those used for calion and following a random design. To
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evaluate the method in the presence of potentiaiferents, namely, ZEN and STE, which have
fluorescence signals overlapping with those for QTéight test samples were prepared
containing random OTA concentrations in a range0e20.5 ng mL* and high interferent
concentrations in a range of 70-150 ng h(see Table 1).

Calibration and validation solutions were prepaasdfollows: an adequate volume of a
methanol OTA solution was taken, and the solverd @xaporated to dryness under a stream of
nitrogen. Then, the volume was adjusted to 2.00with a mixture of 0.0025 mol mt: HTAB
and ammonia buffer (0.020 mol mi_pH = 9.3). For test samples, the interferencesidered
were ZEN and STE because these mycotoxins canunel fmgether with OTA in coffee and tea
samples [31-34]. Accordingly, test samples werepgqmed in a similar way to validation
solutions but with the addition of ZEN and STE siolns before evaporating the solvent and

reconstituting the solution with a 2.00 mL mixtwfeHTAB and ammonia buffer.

2.4 Real samples
2.4.1. HPLC procedure

The proposed fluorescent method was validated bgh@matographic procedure,
following a modified method previously proposed Bgnites et al. [26]. The separation was
carried out in isocratic mode using a mobile phasecetonitrile:water:acetic acid (55:44:1
viviv) and a flow rate of 0.9 mL mih The analysis time was 10 min, and fluorescentectien
was performed at 333 and 445 nm excitation andsomsvavelengths, respectively. A standard
curve was prepared in a concentration range of-2800 ng mL". The OTA concentration was

quantified by an external calibration that useddequate dilution of the sample extracts.

2.4.2 Ground roasted coffee and green coffee samples
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Coffee samples were prepared according to the meddirocedure described by Benites
et al. [26]. Briefly, 150 mL of extraction solventhich was composed of a 50:50 (v/v) mixture
of methanol and NaHCO3 (0.36 mol L-1), was addeti3®0-25.00 g of ground roasted coffee
or previously ground green coffee beans. The extvas magnetically stirred for 30 min. After
that, the samples were filtered through a papd«. disen, a 10.00 mL aliquot of this extract was
transferred to a flask, mixed with 10 mL of PBS (jgH4) and passed through an Ochratest®
immunoaffinity column with a flow rate of 2-3 mL mi. The column was washed with 10 mL
of ultrapure water with a flow rate of 5 mL minand then air was passed through the column
with a plunger to remove traces of liquid. The ire¢d analyte was eluted four times with 1.0 mL
of methanol:acetic acid (98:2, v/v), and backflaghwas performed three times for each portion
of the solution. Finally, the acidified methanoltraxt was divided into two fractions of equal
volume, and the solvent was evaporated to drynedserua nitrogen stream. One fraction was
reconstituted with 1.00 mL of the mobile phase,texed for 5 min, sonicated for 5 min, and
injected directly into the HPLC system. The othexcfion was reconstituted with 1.00 mL of
ammonium buffer (0.020 mol mil; pH 9.3) containing 10% HTAB (0.0025 mol mL-1) and
subjected to the fluorescent method proposed filaieabove method implies a preconcentration
degree of 3.5; therefore, the previously describegthod was successfully applied for the
extraction and preconcentration of trace level®0A.

OTA was not detected in ground roasted coffee sasnpind therefore, a recovery study
was performed by spiking samples with different aantrations of OTA. Thus, samples were
spiked with OTA by adding the appropriate amountnwéthanolic stock solution to obtain
concentrations above the corresponding limit ofngjfiaation in each coffee sample. Then, the
slurry was stirred for approximately 5 min at rodemperature for homogenization before

carrying out the entire extraction procedure. Aldlyses were performed in duplicate.
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2.4.3 Tea leaf samples

With the aim of minimizing the sample manipulatiand analysis time, the IAC was not
used for tea leaf analysis. However, considerirggdignificant effect of the matrix, a standard
addition method was applied. Since the evaluategaenples did not contain detectable levels of
OTA, a recovery study was carried out by spikinglaate samples with the analyte to a final
concentration range of 1.0-15.3 pg-kdror this, approximately 1.500 g of leaf tea wasghed
and placed in a 250 mL volumetric flask. The sammlere then spiked with OTA by adding the
appropriate amount of methanolic stock solutiomlbtain the concentrations mentioned above,
stirred to homogenize the OTA, and allowed to stdmd approximately 5 min at room
temperature before the entire extraction procedtinen, the samples were treated with 5.00 mL
of extraction solvent, which was composed of a ortof acetonitrile:acetic acid 99:1 (v/v). The
extract was magnetically stirred for 15 min. Thére mixture was sonicated for 15 min and
centrifuged for 15 min. Finally, the supernatantsvevaporated to dryness under a stream of
nitrogen. The residue was reconstituted with 1.00 of acetonitrile containing 0.1 mol Lt
NaOH (pH 9.3). Then, a 300 uL aliquot of the sanwée placed in a quartz microcell, and the
EEFM was evaluated under the conditions describefection 2.2. Subsequently, four adequate
volumes of standard OTA solutions were added diréctthe cell, and one EEFM was measured

after every addition to carry out the standard @oldimethod.

2.5 Software and chemometric algorithms
The theory of second-order algorithms has beendeogllmented in the literature. Several
papers [35—-37] are presented in the Supplementaterdl to provide details about the main

goals with the algorithms selected in this study data analysis. All algorithms were applied

10



230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

using an MVC2 program, which is a MATLAB graphigaterface toolbox that is a new version

of that already reported in the literature [38] @ffeely available on the Internet [39].

2.6 Figures of merit and statistical indicators

The evaluated figures of merit were the limit otedion (LOD), limit of quantification
(LOQ), root mean square error of prediction (RMSERY relative error of prediction (REP),
which were estimated in accordance with previouslipations [40]. All of the above figures of

merit are integrated into the MVC2 interface and ba easily estimated.

3. Reaults and discussion

3.1. Fluorescence signal optimization
To improve the inherent fluorescence of OTA andstimerease the analytical performance of the
proposed method, experimental variables that cflueimce this signal were optimized. First,
different solvents were evaluated to measure therdscence response of OTA. As shown in
Figure 1, a different-shaped emission spectrumbigsioned in acetonitrile (Figure 1A) with a
lower maximum intensity than in water (Figure 1B)us evidencing a redshifted maximum
emission when the most polar medium is used. Thesdts are in accordance with previous
reports [41, 42] and suggest that the polaritya¥ents affects the photophysical behaviour of
OTA. However, from an analytical point of view, hatolvents produce similar sensitivities and
appear to be potentially useful for OTA determioatby fluorescence spectroscopy.

Another variable to be considered is the pH bec@is& has acid-base properties QK
4 and pK,07). At low pH, the protonated form of OTA is predimant, while the anionic form

exists in basic aqueous media [43, 44]. The resuéisented in Figure 1A and 1B suggest that
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the anionic form of OTA is more fluorescent, whishin agreement with previous reports [41—
44]. Therefore, a pH of 9.3 was chosen for the egbsnt experiments. Furthermore, as reported
in previous work [45, 46], basic ammonia buffer @auprove the fluorescent response of OTA,;
for this reason, this buffer solution was chosen dalibration, validation and coffee sample
analysis.

Moreover, the influence of organized media on theréscence response of OTA was
studied. The presence of metlfytyclodextrin and micelles formed by SDS, TX-10@ &iTAC
did not produce significant changes in OTA fluosrsm®e (see Figure S8 in the Supplementary
Material). In contrast, a considerable improvementhe fluorescence was observed in the
presence of HTAB (see Figure 1C), probably duehto dapacity of this cationic surfactant to
stabilize the OTA phenolate group [41]. Thus, HTMs selected as an organized medium for
further experiments.

On the basis of the experiments described aboeepptimal experimental conditions for
the spectrofluorimetric determination of OTA can distained in aqueous medium at pH 9.3
(ammonia buffer 0.020 mol mt) in the presence of HTAB (10% v/v of 0.0025 mol L
Alternatively, an alkaline acetonitrile solution.{0mol L NaOH, pH 9.3) can be used

depending on the sample preparation requirements.

3.2 Calibration, validation and test samples

First, EEFMs of OTA were measured to produce catibn sets (Figure 2A). Then, a
PARAFAC model was evaluated by arranging the EEBBI& three-way array, and the number
of factors required was selected by a “core comscst analysis” [47]. Additionally, a non-
negativity constraint was applied in both modes asdd for all analyses. According to this

analysis, two components are required for an optindata fit and can be justified considering
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the presence of OTA and the background (see Fi§3rén the Supplementary Material). In
addition, the figures of merit and lower predictiemors (lower than 3%) for the validation set
presented in Table 1 confirm satisfactory fittirgthe above-mentioned three-way data array
using the PARAFAC model.

To compare the analytical performance of diffenenttivariate models, the MCR-ALS
model was also applied to predict the OTA concéioman the validation samples. The MCR-
ALS models obtained by using both augmentation reodere similar for synthetic samples
(validation set and test set). In the validatiomgkes, the number of components was two, as
estimated by principal component analysis (PCA) Tritial spectral profiles employed to start
the MCR-ALS fitting were obtained from the “puresriables” in the non-augmented mode.
Non-negativity in both modes was the constraintasga during the ALS fit. As expected, MCR-
ALS was able to correctly retrieve the pure OTA cdp profile (see Figure S3 in the
Supplementary Data) and allowed satisfactory retesef the validation samples. In addition,
the obtained figures of merit were comparable ts¢hobtained with PARAFAC (see Table 1).

The prediction of OTA concentration in the preseméeunmodelled interferences is
mandatory when a real sample analysis is consid&@tthis reason, two additional fluorescent
mycotoxins, ZEN and STE, which can be present ifeecand tea samples [32, 33, 48], were
added to the samples (test samples) and evaluatpdtential interferences (Figure 2B). These
samples were processed by both the PARAFAC and MCR-models, and the estimated
number of responsive components was 4 in both oases Figure S4 in the Supplementary
Data). This number can be ascribed to the threerdicent mycotoxins and the background
signal. For analysis of the test samples with MCESAan additional constraint provided by the
so-called correspondence was used, which indidateke algorithm that certain components

(ZEN and STE) are absent in calibration samples.rEooveries and prediction results presented
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in Table 1 for the test samples are quite simitar doth models, suggesting that neither the
accuracy and precision, as measured through RMSEP REP, nor the sensitivity are

significantly affected by the addition of these nemcotoxins.

3.3 Real matrices
The analytical performance of the proposed methadtrbe tested with a real sample to
demonstrate its analytical potential. Therefordfedent Argentinian brands of coffee and tea

were obtained from local stores and used as retia@s for further analysis.

3.3.1 Coffee samples

In this study, two types of coffee samples wekestigated: ground roasted coffee and
green coffee beans. Preliminary studies conduateabth types of coffee samples confirmed the
severe inhibition of OTA fluorescence by the matonstituents. The above effect had already
been reported in a previous work [17]. Thereforelean-up procedure using IACs was carried
out before taking the fluorescence measurementselicase of the roasted coffee samples, OTA
was not detected, and a recovery study was caougedy spiking the samples with different
concentrations of the studied analyte. In conttastpresence of low concentrations of OTA was
verified in the selected green coffee. The mycatoxiay undergo a decomposition process
during coffee roasting, which could explain theaetiénce between the two types of coffee.

A typical EEFM of one roasted ground coffee spilgth OTA after the IAC treatment is

shown in Figure 2C. The presence of strong interfeg is evident. Additionally, it is necessary
to highlight the fact that although the sample wassed through the IAC, the presence of

interferences is still observed, which makes ificlift to use a univariate calibration. Therefore,
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the need to use a second-order multivariate céltoras confirmed because the cleaning of the
sample is not complete.

When PARAFAC was applied to these samples, podfigiiens were obtained, and the
predictions were independent of the selected coepomumbers. This fact may be explained by
the spectral similarity between the analyte and dbestituents in the coffee spectra, which
hinders the decomposition of the three-way datayato physically reasonable profiles and
scores. Therefore, MCR-ALS was applied, which imgple is able to circumvent the problem
of spectral similarity. The number of responsivenponents obtained in the coffee samples was
four and could be explained by considering the gmres of OTA, interferences and background
signals. For MCR-ALS modelling, the augmentationswaade on the emission wavelength
dimension, non-negativity in both modes, and theespondence between the components and
samples were the constraints used during the ALS Tiis last constraint was applied
considering that the analyte (component 1) is preiseboth calibration and coffee samples, but
the interferences (components 2 and 3) are presgytin coffee samples. Table 2 presents the
MCR-ALS results obtained for the roasted and gadfee samples.

To demonstrate the accuracy of the proposed metbodreal coffee samples, a
chemometric model was compared with a referencéaoddbased on HPLC-FLD. Both methods
were compared through a paired Student's t-tesk,tla@ obtained values (t= 0.28 for roasted
ground coffee and t=1.00 for green coffee bearesTable 2) could be favourably compared with
the tabulated values forl degrees of freedom at a 95% significance letgldoss72.77 and
terit 0.05,374.30, respectively); thus, the results suggestatithe obtained values were statistically
comparable to those provided by the reference rdetfbe statistical equivalence among the
obtained values demonstrates the capacity of MCB-Ab cope with interferences from

concomitants in the real samples.
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It is also important to mention that although therdpean Commission has not
established maximum levels for green coffee samples LOD obtained with the proposed

method allowed the quantification of OTA at thekg level in the samples.

3.3.2 Tea leaves

Three types of tea leaf samples (black, red andeviea) were considered in this study.
Preliminary assays of the above samples showectected levels of OTA, and a recovery study
was therefore carried out; the samples were sparddifferent concentrations of the analyte of
interest. This analysis was performed without pesiclean-up and separation steps. Only an
extraction step was conducted using acidified aitie, which is able to efficiently extract
OTA in similar matrices, such as herbal medicin84].[ After performing the procedure
described in Section 2.5.3, the signal of one teslsample (Figure 3B) showed the presence of
significant fluorescent interferences that couldder the quantification of OTA (Figure 3C). In
addition, preliminary results showed a significamatrix effect on the fluorescent response of
OTA. An alternative for the above problem was tke of the standard addition method coupled
with second-order calibration to ensure approprs&ectivity and the successful quantification
of OTA in these samples. Figure 4A shows the sigftr successive additions of an OTA
standard solution, demonstrating the positive nespao the OTA standard addition method.
Consequently, when PARAFAC and MCR-ALS were usedstiimate the concentration of OTA
in spiked tea samples, both displayed satisfacpwediction results, which agreed with the
nominal values (see Table 3). For PARAFAC, recoweag between 90 and 110%, whereas for
MCR-ALS, the recovery was between 95 and 110%, esiggy that the proposed methodology
could overcome the problem of interactions with blaekground and the presence of unexpected

compounds (see Figure 4B).
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3.3.3 Comparison of the analytical methods

Finally, the proposed method to determine OTA inrioes of interest is summarized and
compared with previously reported methods [17, 48, 49-55]. As shown in Table 4, the
advantages and analytical potential of the propasethods are evident. The proposed methods
are well suited for OTA analysis in complex matsicgith the use of very simple equipment.
Additionally, the experimental time is minimal, atite procedures do not require significant

amounts of organic solvents, thus complying with phinciples of green chemistry.

4. Conclusions

The analytical performance for the determinationochratoxin A in coffee and tea
samples by matrix fluorescence spectroscopy andngeorder multivariate calibration was
demonstrated. The applied chemometric models shdewdprediction errors and adequate
figures of merit. Therefore, the successful resuiticate that this method provides a useful and
reliable methodology for the satisfactory deterrtiora of OTA in complex samples such as
coffee because it was possible to quantify the yamadven in the presence of concomitant
interferences because the chemometric tools affigi@chieved the “second-order advantage”.
In the case of tea leaf samples, the determinatias carried out without the need for sample
pretreatment; instead, a standard addition metraxiused.

In conclusion, the proposed methods are sensitick selective and require minimal
experimental time; additionally, the methods areiremmentally friendly because the volumes
of the employed organic solvents are minimal.
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FIGURE CAPTIONS

Fig. 1. (A) Fluorescence emission spectra for OTA in atiétite at different pH values. Profiles
obtained for\exc= 345 nm. (B) Fluorescence emission spectra for @ ater at different pH
values. Profiles obtained fave,. = 390 nm. (C) Fluorescence emission spectra for QTA
mixture of 10:90 HTAB/water at different pH valuégofiles obtained fokeyx.= 390 nm.

Fig. 2. Contour plots of the EEFMs for (A) a calibraticmple containing 21.0 ng MLOTA,
(B) a test sample containing 20.5 ngThDTA, 100.0 ng m[* ZEN and 75.0 ng mL* STE, and
(C) a ground roasted coffee sample spiked with 85.0L* OTA.

Fig. 3. Contour plots of the EEFMs for (A) a standard sngontaining 20.0 ng mtt OTA in
acetonitrile at pH 9.3, (B) a blank red tea sanfpi¢hout OTA), and (C) a red tea sample spiked
with 15.8 ng mC* OTA.

Fig. 4. (A) Augmented mode of the MCR-ALS profile for tlaeldition standard method of a
spiked black tea sample and (B) emission spectrdnefspiked black tea sample: OTA (blue
line), interference (green line) and baseline (iree).

TABLE CAPTIONS

Table 1. Prediction and statistical results for sampleh@TA (validation set) and samples with
OTA in the presence of potential interferencest (6e$) using a micellar medium (HTAB) and
second-order multivariate calibratfon

Table 2. OTA concentrations (ug KY in different samples of green coffee.

Table 3. Recovery study of OTA (1g kg-1) for spiked tempgkes applying the standard addition
method.
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Table 4. Analytical performance of recently reported stdecmethods for OTA in coffee and

tea samples.
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Table 1. Prediction and statistical results for samples V@HA (validation set) and samp
with OTA in the presence of potential interferenffest set) using a micellar medi(MTAB)
and second-order multivariate calibrafion

Validation set Test set”

Nominal PARAFAC MCR-ALS Nominal PARAFAC MCR-ALS

0 -0.1 (0.1) -0.2 (0.1) 0 0.0 (0.1) -0.2 (0.1)

1.5 1.4 (0.1) 1.6 (0.1) 0.5 0.6 (0.2) 0.6 (0.2)

3.0 2.9 (0.1) 2.7 (0.3) 1.0 0.8 (0.2) 1.0 (0.1)

5.0 5.1 (0.1) 5.2 (0.2) 4.0 4.3 (0.1) 3.9 (0.3)

12.0 12.3(0.1)  12.6 (0.1) 8.0 8.0 (0.1) 7.5(0.1)

20.0 19.1(0.1)  19.6 (0.1) 15.0 15.6 (0.1)  15.1)0.
18.0 18.2 (0.1)  19.2(0.3)
20.5 20.4 (0.1)  20.3(0.9)

LOD® 0.2 0.2 0.2 0.2

LOQ? 0.5 0.5 0.6 0.5

RMSEP 0.4 0.3 0.3 0.5

REP 4 3 3 5

2Values are given in ng mt. The found values are mean of duplicates. Standaviatior
between parentheses.

® Samples containing random concentrations of ZEINSIFE in the range of 70-150 ng ML
°LOD (ng mL™): limit of detection calculated as reference [40]

4LOQ (ng mLY): limit of quantificationcalculated as LODx3

® RMSEP (ng mCY): root mean square error of prediction. RMSEP wafculated it

n G —s
accordance WittRMSEP = /M,whereﬁ and y; are the nominal and predict

concentrations for a given analyte in ttresample, and n the total number of test samples.

"REP (%): relative error of prediction. REP was uokdted in accordance WitREP% =
100 XRMSEP

5 ,wherey,.,; is the mean calibration concentration for the yeadf interest.
cal



Table 2. OTA concentrations (g kg—1) in different samplégreen coffee.

A) Green coffee samples

Found Found

(HPLC)® (MCR-ALS)°
Green coffee beans, brand X 1.05 (0.08) 1.0 (0.2)
Green coffee beans, brand Y 0.31 (0.01) 0.37 (0.04)
Green coffee in little bags 0.32 (0.01) 0.31(0.05)

B) Spiked ground roasted coffee samples
Taken Found Found % Recovery®

(HPLC)* (MCR-ALS?
With sugar, brand A 3.2 3.1(0.1) 3.2(0.2) 100
With sugar, brand B 10.0 10.2 (0.2) 10.9 (0.2) 109
Without sugar, brand C 6.0 5.9 (0.1) 5.7 (0.2) 95
Without sugar, brand D 13.0 11.8(0.1) 12.0 (0.2) 2 9
Decaffeinated without sugar25.0  25.1 (0.1) 25.2 (0.7) 101

4The found values are mean of duplicates. Standivhtion between parentheses.
®Not spiked. Preconcentration factor = 3.5 (se#.tex
‘Recoveries, were calculated in relation to the ddab@centrations.



Table 3. Recovery study of OTA (ug kg—1) for spiked tempkesapplying the standa
addition method

Black tea

Red tea

White tea

LOD®
LOQ®
RMSEPF
REP

Nominal PARAFAC Recovery (%) MCR-ALS Recovery (%)
0 ND - ND —
55 5.8 (0.4) 105 5.8 (0.3) 105
9.8 8.8 (0.1) 90 9.8 (0.1) 100
15.3 15.0 (0.7) 98 15.2 (0.1) 99
0 ND — ND -
1.0 0.8 (0.3) 80 1.1 (0.1) 110
7.9 7.7 (0.6) 97 7.9 (0.2) 100
11.7 11.7 (0.9) 100 11.9 (0.3) 102
0 ND - ND —
2.0 2.2 (0.1) 110 2.0 (0.2) 100
3.9 4.2 (0.1) 108 4.0 (0.1) 102
9.8 9.9 (0.5) 101 9.3 (0.1) 95
0.3 0.2
0.8 0.5
0.4 0.2
4 2

@ Mean of duplicates. Standard deviation betweeargheses. ND, not detected.
® LOD (ng mLY): limit of detection calculated as reference [40]
°LOQ (ng mLY): limit of quantificationcalculated as LODx3

9RMSEP (ng mLCY: root mean square error of prediction.
°REP (%): relative error of prediction.



Table 4. Analytical performance of recently reported stdecmethods for OTA in coffee and tea samples.

A) Coffee samples

Sample .
preparation Medium LoD Accuracy / REF
Precisiofi
Step 1: S-L extraction  Analytical technique: HPLC-FD
Step 2: SPME clean up Column: C18 (150 x 4,6 mm; 5um)
M obile phase: acetonitrile/acetic acid 2% (44:56 v/v) Organic 0.3 RSD: 3.3-4.1 [17]
Run time: 20 min
Step 1: S-L extraction  Analytical technique: HPLC-FD
Step 2: IAC cleanup  Column: Hypersil/BDS (125 x 4,0 mm; 5um)
Mobile phase: acetonitrile/water/acetic acid (421.5:570:8.9v)v Organic 0.02 REC: 76.68-104 [19]
Run time: 10 min RSD: 1.54-8.20
Step 1: S-L extraction  Analytical technique: HPLC-FD
Step2: IAC clean-up Column: Inertsil (150 x 4,6 mm; 5um)
Mobile phase: acetonitrile/water/acetic acid (50:49:1 v/v/v) Organic 0.07 REC: 83 [49]
Retention time: 9.5-10.8 min RSD: 2.53
Step 1: S-L extraction  Analytical technique: HPLC-FD
Step2: IAC clean-up Column: C18 (250 x 4,6 mm; 5um)
Mobile phase: acetonitrile/methanol/ water/acetic acid (352861 v/v/v/v) Organic 0.09 REC: 88.8-90.6 [50]
Run Time: 10 min RSD: 1.5-2.3
Step 1: S-L extraction  Analytical technique: HPLC-FD
Step2: IAC clean-up Column: Zorbax Eclipse XDB-C18 (150 x 4,6 mm; 5um)
Mobile phase: acetonitrile/water/acetic acid (50:50:0.3 v/v/v) Organic 0.08 REC: 68.4-99.3 [51]
Run Time: 10 min RSD: 7.41
Step 1: S-L extraction  Analytical technique: HPLC-FD
Step2: IAC clean-up Column: Zorbax Eclipse plus-C18 (250 x 4,6 mm; 5um)
Mobile phase: acetonitrile/water/acetic acid (51:47:2 viviv) Organic 0.26 REC: 95.5-109.8 [26]
Run Time: 20 min RSD: 1.5
Step 1: S-L extraction  Analytical technique: FD REC: 92-109  This
Step2: IAC clean-up AnalysisTime: 4 min Aqueous 0.20 REP:3-5 work
B) TeaSamples
Step 1: S-L extraction  Analytical technique: ELISA Aqueous 0.02 NR [52]
Analytical technique: HPLC-FD
Step 1: S-L extraction  Column: C18 (150 x 4,6 mm; 3um)
Step2: IAC clean-up M obile phase: acetonitrile/water/acetic acid (47:53:1 v/v/v) Organic NR REC: 85 [53]



Step 1: S-L extraction
Step2: IAC clean-up

Step 1: DLLME

Step 1: S-L extraction

Analysis Time: 20 min

Analytical technique: HPLC-FD

Column: C18 (300 x 4,6 mm; 10um)

Mobile phase: methanol/acetonitrile/ 0.05 mM sodium acetatdiaceid
(300:300:400:14 viviviv) Organic
Retention time: 7.1 min

Analytical technique: HPLC-MS/MS

Column: Gemini-NX C18 (150 x 4,6 mm; 5um)

Mobile phase A: water/SmM ammonium formate, 0.1% formic acid)

Mobile phase A: methanol/5mM ammonium formate, 0.1% formic acid) Organic
Retention time: 10.2 min

Analytical technique: FD

Analysis Time:4 min Organic

RSD: 2.3

REC: 75-85
0.10 RSD: 1.3-3.7

REC: 66
5.00 RSD: 3.0

REC: 95-110

0.2:03 REP:3-4

[54]

[55]

This
work

HPLC: high performance liquid chromatography. Fudfimetric detection. MS: Mass spectrometry detectMSMS: Tandem Mas

Spectrometry.

2 For comparison, concentration units were unifiedg- Kg'. Not Reported (NR)

P Recovery (REC), Relative standard deviation (R&m@) Relative error of prediction (REP), all in perage. S-L, solid-liquid; IAC,
inmunnoafinitty columns; DLLME, dispersive liquidyliid microextraction, SPME, solid-phase microestian.
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Normalized signal

Mormalized signal

Augmented mode B (MCR-ALS)
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A new analytical method based on second-order multivariate calibration was proposed for
Ochratoxine A determination

The second-order advantage allowed to quantify Ochratoxine A in presence of unexpected
interferences

The proposed method was applied to analysis of coffee and tea leave samples,
demonstrating its analytical potential
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