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Abstract

HPLC-UV was applied to the analysis and charazdéion of fruit-based and fruit-
processed products. A Kinetex C18 reversed-phdsencowas proposed under gradient elution for
the determination of 17 polyphenols. Acceptablesiitity (LODs below 0.16 mg/L), and good
linearity (? higher then 0.995), precision (RSD below 6.8%}) arethod trueness (relative errors
below 11%) were obtained. Data corresponding toygd@nolic peak areas and HPLC-UV
chromatographic fingerprints were then analyzedeliploratory principal component analysis
(PCA) to extract information of the most signifitarariables contributing to characterization and
classification of analyzed samples regarding thé ff origin. HPLC-UV chromatographic data
was further treated by partial least square (PL&jrassion to determine the percentages of
adulteration in cranberry-fruit extracts. It wasuhal that even mixture samples containing low
percentages of adulterants could be distinguishedh fgenuine cranberry extracts. Highly
satisfactory results were obtained, with overalbey in the quantification of adulterations below
4.3%.

Keywords: high performance liquid chromatography; UV-detettigolyphenols; principal

component analysis; partial least square regreskiod authentication
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1. Introduction

The consumption of berry fruits associated whieirt contribution to improve human
health because of their content on polyphenols@alty anthocyanins, is a subject of considerable
interest (Basu, Rhone & Lyons, 2010; Seeram, 2@@&ram, 2012). They contain several dietary
constituents essential for human health such &s &hd vitamins (C and E), as well as bioactive
phytochemicals (plant compounds that provide heb#hefits beyond basic nutrition) such as
polyphenols and phenolic acids (Basu, Rhone & Ly2040).

Lately, food products and nutraceuticals prepareith American red cranberries
(Vaccinium macrocarpon) are gaining importance in our society due to sdmalthy effects on
humans, including antioxidant activity, antimicrabactivity against bacteria involved in a wide
range of diseases, antiinflammatory activity inipgontal disease, and antiproliferative activity on
human oral, colon, and prostate cancer cell liaegng others (Sanchez-Patan, Bartolome, Martin-
Alvarez, Anderson, Howell & Monagas, 2012). Thesalthy effects are attributed to their high
content on specific polyphenols, although their rmaticeable bioactivity deals with their capacity
to inhibit the adhesion of pathogenic bacteria toepithelial cells of the urinary tract, thus
preventing urinary tract infections (Feliciano, Kger & Reed, 2015; Feliciano, Meudt,
Shanmuganayagam, Krueger & Reed, 2014; Howell, Ri€éadeger, Winterbottom, Cunningham
& Leahy, 2005; Nicolosi, Tempera, Genovese & Furn2014; Patel, Scarano, Kondo, Hurta &
Neto, 2011). The most common polyphenols found ranloerries are hydroxycinnamic and
hydroxybenzoic acids, and flavonoids such as antitios, flavonols, and flavan-3-ols (Borges,
Degeneve, Mullen & Crozier, 2010; Diaz-Garcia, Ob&@uastellar, Collado & Alacid, 2013;
Howell, Reed, Krueger, Winterbottom, Cunningham &ahy, 2005). In particular, flavan-3-ols
(catechins and epicatechins) occur in cranberrpath monomeric and polymeric forms (i.e.,
proanthocyanidins, PACs). PACs are often class#iezbrding to the interflavan linkage as A-type
and B-type molecules. B-type PACs are those in iwmonomeric units are linked through the C4
position of the upper unit and the C6 or C8 posgiof the lower unit. In contrast, A-type PACs
contain an additional ether-type bond between tAg@sition of the upper unit and the hydroxyl
group at C5 or C7 positions of the lower unit {C2C5 or C20-C7). In general, 60% of PACs
in cranberry are A-type ones (Gu, Kelm, Hammerst&®echer, Holden, Haytowitz, Gebhardt &
Prior, 2004), while B-type PACS are predominantburid in other food products like tea,
chocolate, blueberry or grapes. The most impodéfdrence between the two families of PCAs is
that only the A-type PACs are capable of inhibitthg adhesion of bacteria to urinary tract issues
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(Feliciano, Krueger & Reed, 2015; Feliciano, Meushanmuganayagam, Krueger & Reed, 2014;
Krueger, Reed, Feliciano & Howell, 2013).

Nowadays, several concerns have arisen on sonme @roducts sold in the market labeled
as derived from American red cranberry extractg thay contain other more economic fruit
extracts which do not provide the desired bioatgtito promote health beneficial effects (Krueger,
2015). Therefore, the prevention of this kind @fulils becomes an issue of great importance in our
society, and the development of simple and reliaplalytical methodologies able to classify and
characterize natural extracts to achieve the coaethentication regarding the fruit of origin is
necessary.

Several analytical methodologies have been praptmmethe determination of polyphenols
and phenolic acids in fruit products and pharmacaupreparations. In general, a rough estimation
of overall contents can be assessed by simple ic@oic methods. For example, a sensitive
colorimetric assay able to tackle the total contentPACs is based on the reaction of these
compounds with 4-dimethylaminociannamaldehyude (WA  (Feliciano, Shea,
Shanmuganayagam, Krueger, Howell & Reed, 2012;rPran, Ji, Howell, Nio, Payne & Reed,
2010). However, this method is not capable of déffitiating between A- and B-type PACs
(Krueger, 2015). With this knowledge, the unscropsl sellers can “spike” products with the
lowest cost PAC source, and still provide spedifora(PAC levels) that buyers find acceptable.

Taking into account that polyphenol and phenolicl @aontent seems to be related to food
features such as geographical areas, variety andfacuring practices, etc., the contents of other
less expensive polyphenols and phenolic acids coedpga PACs can also be exploited as a source
of analytical data to establish classification afdhracterization of fruit products (Saurina &
Sentellas, 2015). Liquid chromatography (LC) witkl detection or coupled to mass spectrometry
(LC-MS) are the most common techniques describedh® determination of polyphenols and the
characterization of a great variety of plants andt-based products (Alonso-Salces, Ndjoko,
Queiroz, loset, Hostettmann, Berrueta, Gallo & Yitege 2004; Engstrom, Palijarvi, Fryganas,
Grabber, Mueller-Harvey & Salminen, 2014; Furuudfokoyama, Watanabe & Hirayama, 2011;
Hamed, Al Ayed, Moldoch, Piacente, Oleszek & Stoahn2014; Navarro, Nufiez, Saurina,
Hernandez-Cassou & Puignou, 2014; Parets, Alechilgédgez, Saurina, Hernandez-Cassou &
Puignou, 2016; Puigventds, Navarro, Alechaga, Naerina, Hernandez-Cassou & Puignou,
2015; Rzeppa, Von Bargen, Bittner & Humpf, 2011;M&e & Giusti, 2010).

The aim of the present work was to develop a ®miass expensive, and reliable high
performance liquid chromatography method with U\edéon (HPLC-UV) for the determination
of polyphenolic profiles in the analysis of fruigded products. For that purpose, a total of 17

4
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polyphenolic compounds belonging to different faesl (stilbenes, phenolic acids, flavonoids)
were selected. A simple and cheap sample treatroems$jsting of an extraction by sonication with
acetone:water:hydrochloric acid (70:29.9:0il/v) and centrifugation, was applied to the analysis
of different kinds of cranberry-, grape-, bluebergnd raspberry-based samples, including fruits,
fruit juices, and raisins. Specific sample purifioa steps focused on the isolation of
proanthocyaninds by employing sephadex sorbentgiMayNufiez, Saurina, Hernandez-Cassou &
Puignou, 2014) were prevented in order to redueecthst of the proposed method and make it
more applicable to any laboratory. Data correspugdd the polyphenolic composition as well as
the HPLC-UV chromatographic fingerprints were cdesed as a source of potential descriptors to
be exploited for the classification and charaction of fruit-based products by exploratory
principal component analysis (PCA). Finally, crampdruit extracts were adulterated with
different amounts (2% to 50%) of grape, bluebesryaspberry fruit extracts, and the polyphenolic
profile and chromatographic fingerprinting data veasluated for authentication purposes as well

as the quantification of adulteration content byanseof partial least squares (PLS) regression.

2. Materials and Methods

2.1. Chemicals

Unless specified, analytical grade reagents wieraya used. The polyphenols and phenolic
acids studied (gallic acid, homogentistic acid, tpcatechuic acid, protocatechualdehyde, (+)-
catechin hydrate, gentisic acig;salicilic acid, chlorogenic acid, vanillic acid;)-epicatechin,
syringic acid, syringaldehyde, ethyl gallgpecoumaric acid, ferulic acid, resveratrol and qugrc
hydrate), whose structures and CAS numbers arershowable 1S (supplementary material),
were all of them obtained from Sigma-Aldrich (Stesim, Germany). Stock standard solutions of
all polyphenols and phenolic acids (ca. 1,000 mglieye prepared in methanol in amber glass
vials. Intermediate working solutions were prepanmeekly from these stock standard solutions by
appropriate dilution with Milli-Q water. All stockolutions were stored at°€ for no more than 1
month. Methanol (Chromosdivfor HPLC, >99.9%), acetone and formic acid98%) were also
obtained from Sigma-Aldrich: Hydrochloric acid (#533%) was provided from Merck (Seelze,
Germany).

Water was purified using an Elix 3 coupled to dliM) system (Millipore, Bedford, MA,
USA) and filtered through a 0.22 pm nylon membriawegrated into the Milli-Q system.
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2.2. Instrumentation and methods

The analysis of polyphenols and phenolic acids pexformed on a Varian HPLC system
(California, USA) equipped with a ProStar 240 SD#vheary pump, a ProStar 430 Autosampler and
a ProStar 334 photodiode array (PDA) detector.rinsént control and data processing were
carried out with the System Control 6.3 softwarep&@ation was performed in reversed-phase
mode by using a Kinetex1&£(100x4.6 mm i.d., 2.6 pum particle size) column from Rireenex
(California, USA) at room temperature following aewiously described method (Puigventds,
Navarro, Alechaga, Nufiez, Saurina, Herndndez-Ca8s®&wignou, 2015). Gradient separation
using 0.1% formic acid in water (v/v) (solvent A)damethanol (solvent B) as mobile phases was
as follows: 0—3 min, linear gradient from 5 to 258%3—6 min, at 25 % B; 6—9 min, from 25 to 37
% B; 9—13 min, at 37 % B; 13—18 min, from 37 t0%4B; 18-22 min, at 54%B; 22—26 min, from
54 to 95%B; 26—29 min, at 95 % B; 29-29.15 min kbiacinitial conditions at 5 % B; and from
29.15 to 36 min, at 5 % B. The mobile phase flote kas 1 mL/min and the injection volume was
10 pL. PDA acquisition from 190 to 550 nm was perfed to register UV-spectra and to
guarantee peak purity. For quantitation purposetherl? targeted polyphenols and phenolic acids,
direct UV absorption detection was employed at 280 (gallic acid, homogentistic acid,
protocatechualdehyde, (+)-catechin hydrate, (-¢gapchin, syringic acid and ethyl gallate), 257
nm (protocatechuic acig;salicylic acid, vanillic acid and quercitrin hydeand 316 nm (gentistic
acid, chlorogenic acid, syringaldehygecoumaric acid, ferulic acid and resveratrol).

HPLC-UV chromatographic fingerprints were obtaiveith an Agilent 1100 Series HPLC
instrument equipped with a G1311A quaternary purap,G1379A degasser, a G1392A
autosampler, a G1315B diode-array detector and wiBthe Agilent Chemstation software (Rev.
A 10.02), all of them from Agilent Technologies (W#aronn, Germany). Separation column,

chromatographic conditions were the same as preljialescribed with the Varian HPLC system.

2.3. Samples and sample treatment

A total of 86 fruit-based samples, purchased fidancelona markets, were analyzed. The
samples included 29 cranberry-based products ({# samples, 10 raisin samples and 15 juice
samples), 27 grape-based products (4 fruit samplegjsin samples and 15 juice samples), 18
blueberry-based products (6 fruit samples and 1& jgsamples), and 12 raspberry-based fruit
samples.

All fruits and raisins were grinded using an Ikér&} Turrax machine (Staufen, Germany)
with different applicators. Water was added toingido improve the crushing. Then, all analyzed

samples were freeze-dried to achieve fully lyogkti products. To this end, samples remained 24
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h inside a lyophilizer (Telstar LyoQuest, TerraSpain) with a gradient temperature ramp from -80
°C to room temperature, and then were kept for @640°C.

Sample treatment was then carried out followingeviously described method with some
modifications (Navarro, Nufez, Saurina, Hernandessbu & Puignou, 2014; Puigventos,
Navarro, Alechaga, Nufez, Saurina, Hernandez-Cag&dewignou, 2015). Briefly, 0.1 g of sample
were dispersed in 10 mL of an acetone:water:hydooichacid (70:29.9:0.1 v/v/v) solution by
sonication for 10 minutes. Then, the samples werdrifuged for 15 min at 3500 rpm, and the
supernatant extracts separated from the solid tomddsat -4°C until analyzed. Before injection,
extracts were filtered through 0.45 pm nylon fétéWhatman, Clifton, NJ, USA).

Besides, a quality control (QC) consisting of xtunie of 50 uL of each sample extract was
prepared to evaluate the repeatability of the nobtimal the robustness of the chemometric results.

For authentication studies by PLS regression etloases were studied in which cranberry
extracts were adulterated with different amountgrape, blueberry or raspberry, respectively. For
such a purpose, 3 cranberry, 3 grape, 3 bluebamg- 3 raspberry-fruit sample extracts were
processed as indicated above. This series of éxtveas used to prepare standard and unknown
samples to be used for calibration and predictiets.sHence, apart from those pure extracts,
mixtures of cranberry and other fruits were asofoll: 50% adulterant (5 samples), 20% adulterant
(3 samples), 12% adulterant (3 samples), 10% aduolt€3 samples), 7% adulterant (3 samples),
6% adulterant (3 samples), 5% adulterant (3 samp®5% adulterant (3 samples), and 2%

adulterant (3 samples), for each adulterant fruit.

2.4. Data analysis
SOLO from Eigenvector Research was used for caicums with principal component
analysis (PCA) and partial least square (PLS) (34300

(http://www.eigenvector.com/software/solo.htmA detailed description of the theoretical

background of this method is given elsewhere (M&s$897).

Data matrices to be treated by PCA consisted otnéi peak area values of the 17 studied
polyphenols and phenolic acids detected in thedfft samples under study and (ii) the HPLC-UV
chromatographic profiles obtained at different asijon wavelengths (257, 280, 316, 420 and 500
nm). In the first case, the dimension of the matwias 86 sampled7 analytes. Normalization
pretreatment with respect to the overall polyphiencbncentration was applied to provide similar
weighs to all the samples. In the second case, HB\/Cchromatograms were pretreated to
improve the data quality while minimizing solventdamatrix interferences, peak shifting and

baseline drifts. For additional details see (P&afls & Saurina, 2015). Scatter plots of scores

7
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and loadings of the principal components (PCs) wese to investigate the structure of maps of
samples and variables, respectively.

Peak identification in the analyzed samples wafpaed by comparison of retention times
and UV spectra with those of a polyphenolic staddsolution. Peak purity was confirmed by
comparison of UV spectra through the entire pegkadi

The quantification of the percentage of fruit-egtrased for adulteration (grape, blueberry
or raspberry extracts) in the adulterated cranbeased extracts analyzed was based on PLS.
Samples available were distributed among training st sets as follows. Training set: 100%
adulterant (3 samples), 50% adulterant (5 sam@€8% adulterant (3 samples), 10% adulterant (3
samples), 7% adulterant (3 samples), 5% adultéBastmples), 2% adulterant (3 samples), and
100% cranberry-fruit (3 samples). The remaining @asiconsidered as unknown (12% adulterant,
6% adulterant, 2.5% adulterant, 3 samples eachg wsed for validation and prediction purposes.
For both training and test steps, X-data matricessisted of the HPLC-UV chromatographic
fingerprints of the corresponding matrices and¥h#ata matrices contained the adulteration fruit-
extract percentages.

3. Results and discussion

3.1. HPLC conditions

In previous works, LC-MS/MS methods for the detieration of polyphenols in cranberry-
based pharmaceuticals and several fruits or jlaceptes were established by using ESI and APPI
as ionization sources and a triple quadrupole raasdyzer (Parets, Alechaga, Nufiez, Saurina,
Hernandez-Cassou & Puignou, 2016; Puigventds, KavAtechaga, Nufiez, Saurina, Hernandez-
Cassou & Puignou, 2015). Although a successful agdtarizations and classifications of the
analyzed samples were achieved with the proposethod® MS is a relatively expensive
technique not available in all the laboratoriesuing in food authentication problems. Moreover,
in those preliminary studies the number of samplas more limited only several cranberry-based
and grape-based products analyzed. For this reasemf the main objectives of the present work
was the development of an HPLC-UV method for thasglfication, characterization and
authentication of fruits and fruit processed praduevhich will be a less expensive method in
comparison to LC-MS/MS, and more accessible for fmog control laboratory. Moreover, the
number of samples was increased to include othetsfand fruit-processed products such as
blueberry- and raspberry-based extracts that cam laé used in the adulteration of cranberry
products.
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For that purpose, a total of 17 polyphenols andnphic acids belonging to different
families were selected (Table 1S, supplementaryenadt as target analytes, and their
chromatographic separation was evaluated usingringously established separation (Puigventés,
Navarro, Alechaga, Nufez, Saurina, Hernandez-Ca&d@uignou, 2015). Fig. 1S (supplementary
material) shows the HPLC-UV chromatogram obtainedien gradient conditions (see experimental
section) for a standard mixture of all the analyzethpounds at a concentration of 30 mg/L. As
can be seen, an acceptable separation was obtairess than 18 min. Only a small coelution
between syringaldehyde and ethyl gallate (peaksad@ 13) was observed, although it was

considered acceptable for the intended purposeegbtesent work.

3.2. Instrumental quality parameters and method performance

The performance of the proposed HPLC-UV method waaluated by determining
instrumental quality parameters for the 17 polymt&@and phenolic acids analyzed and the figures
of merit are given in Table 2S and Table 3S (suppl&ary material). Limits of detection (LODS),
based on a signal-to-noise ratio of 3:1, were daled using standard solutions at low
concentration levels, and values between 0.16 n{gftoumaric acid) and 2.90 mg/L ((-)-
epicatechin) were achieved. Limits of quantitatib®Qs), based on a signal-to-noise ratio of 10:1,
between 0.54 and 9.57 mg/L were obtained. Althotiggse values are relatively higher in
comparison to those achieved by LC-MS techniqueareB, Alechaga, Nufiez, Saurina,
Hernandez-Cassou & Puignou, 2016; Puigventds, KavAtechaga, Nufiez, Saurina, Hernandez-
Cassou & Puignou, 2015), as expected, they wergatibhe with polyphenols and phenolic acids
concentrations in natural fruit-based extractsesqgected to be, in general, at the relatively low t
high mg/L level. External calibration curves basedpeak area at concentrations above LOQ to
100 mg/L were established and good linearitiesh witrrelation coefficients?) higher than 0.995
were achieved for all compounds.

Run-to-run and day-to-day precisions for migrattone and compound quantification at
two concentration levels, low level (LOQ) and medilevel (21.9-35.5 mg/L), were calculated and
the results are depicted in Table 2S (supplementeaterial). In order to obtain the run-to-run
precision, five replicate determinations for eacmaentration level were carried out. Day-to-day
precision was estimated from 15 replicate detertiina at each concentration level on three
nonconsecutive days (five replicates each day). fmr-to-run precision, relative standard
deviations (%RSD) in the range 8329% were obtained at LOQ concentration levels. &oRSD
values (0.51.6%) were achieved at the medium concentratioelleas expected. In terms of

retention time, good run-to-run precisions wer® alstained, with RSD values lower than 0.8% in

9
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all cases. Very good day-to-day precision valueseveéso obtained, although the values worsened
a little in comparison to run-to-run precision,egpected, with RSDs in the ranges-B8% and
2.5-6.1% for low and medium concentration levels, retipely. It should be mention that in terms
of precision, similar results to those previoustparted by employing LC-MS techniques were
observed (Parets, Alechaga, Nufiez, Saurina, Heeza@edssou & Puignou, 2016; Puigventés,
Navarro, Alechaga, Nufiez, Saurina, Hernandez-Ca&duignou, 2015)

Due to the lack of any reference material contgjrthe 17 polyphenols and phenolic acids
studied, intra-day (within the same day) and inkay- (in different days) method trueness was
evaluated at the two concentration levels by compaspiked concentrations with the calculated
concentrations using external calibration, andréselts, expressed as the relative errors (%), are
shown in Table 3S (supplementary material). As lbanseen, the proposed HPLC-UV method
showed, in general, a very good performance withetorelative error values for the medium
concentration levels in comparison to the LOQ leaslcan be expected. Regarding inter-day and
intra-day trueness, very similar values were olestheing intra-day slightly better, but none of the
values exceeds an error of 11%, which is very aebépfor HPLC-UV methodologies.

The results obtained showed that the proposed HBPGnethod was acceptable in terms
of sensitivity, and very satisfactory in terms atgsion and trueness for the determination of
polyphenols and phenolic acids.

3.3. Exploratory studies by principal component analysis

Principal component analysis was used as explgrab@thod to study the classification of
samples regarding the fruit of origin. PCA providgldts of scores and loadings, showing the
distribution of the samples and variables on thacgal components (PCs), respectively. The
study of the plot of scores revealed patterns ity be correlated to sample characteristics, such
as the type of fruit used on the extracts. Theystfdhe distribution of variables from the plot of
loadings provided information dealing with their redations as well as dependencies of
polyphenols and phenolic acids on vegetable oipgries. Both, peak area of polyphenols and
phenolic acids and HPLC-UV chromatographic fingergrwere used for exploratory PCA studies.

Phenolic peak areasFirst, fruit sample characterization was attempisitig the peak area
of the seventeen polyphenols and phenolic acidsdon the analyzed samples. For that purpose,
samples were processed as indicated in samplangeatsection, and the final extracts were
randomly analyzed with the proposed HPLC-UV methBdak identification was achieved by
comparison with retention time of standards and dp¥etra. Peak areas were used to build a data

matrix with a dimension of 86 samples x 17 compautadbe subjected to PCA. Fig. 1a shows the

10
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scatter plots of scores of P@4 PC2. As can be seen, QCs appeared in a compagh grche
center area of the plot, demonstrating the goodatbility and robustness of the proposed HPLC-
UV and chemometric methods. A preliminary clasatiien of fruit samples showed that the most
conflictive zone was in the center of the grapherehgrape-based samples appeared mixed with
some cranberry-based samples and close to the ttlregroups of samples (blueberry and
raspberry ones). The two first principal compondRE1 and PC2) explained a 27.9% and 17.32%
of the variability between samples, respectively.cbrroborate the tendencies observed in &C1
PC2 plot (Fig. 1a), PC3, which retained a 15.13%hef variability between samples, was also
considered, and the plot depicting PG2PC3 is given in Fig. 1b. As can be seen, in géntra
only difference is the distribution of the samplasthe plot area. There were also three major
zones, in which the raspberry- and blueberry-basedples were well separated, and the center
area with the grape- and some cranberry-based santpbwever, by considering both Fig. 1a and
2b, cranberry samples tended to display negatioeesmn PC2. Taking into consideration only the
group of grape and cranberry samples, the PCAifitadsn achieved up to this point is slightly
worse than the one previously reported by employthg specific purification step for
proanthocyanidins with sephadex sorbent (Navarrafidd, Saurina, Hernandez-Cassou &
Puignou, 2014). However, in the present work a éighumber of grape samples, together with
other fruit-based samples (blueberries and rasilsg¢rivere employed, and a less expensive
methods was achieved. The plot of loadings (see Fig. S2 in the supplesmgnimaterial)
provided information on the analyzed polyphenold phenolic acids. These figures manifest that
there were several characteristic polyphenols ich egroup of samples while others were not
discriminant at all. For example, compounds 8, & ah (chlorogenic, vanillic and syringic acids)
seemed to be the most characteristic (and discaminfor blueberry-based samples. The most
relevant compounds in raspberry-based samples signals 3, 4 and 13 (protocatechuic acid,
protocatechualdehyde and ethyl gallate, respeglivahd finally, for cranberry-based samples, the
most significant compounds were signals 7, 14 aad@pisalicylic, p-coumaric and ferulic acids,
respectively). Because grape-based samples appgangoed close to the less discriminant area it
is difficult to assign characteristic and/or disznant polyphenols.

HPLC-UV chromatographic fingerprints. In a second approach, exploratory PCA
characterization of the analyzed fruit-based samplas attempted by using raw chromatographic
profiles (i.e., absorbance over time) as the amaltata. HPLC-UV chromatographic fingerprints
were evaluated at several wavelengths: 257, 286, 320 and 500 nm. Only HPLC-UV

chromatographic fingerprints registered at 280 rlowaed achieving a certain distribution and
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348 classification among analyzed samples. Fig. 2a shitw corresponding scatter plot of scores of
349 PC1lvs PC2. As can be seen, certain discrimination ansamgples was achieved, being raspberry-
350 based samples perfectly grouped at the top ardlaeoplot and separated from the other groups,
351 blueberry-based samples distributed at the botight-rarea of the plot, while no clear
352  differentiation was obtained among cranberry- angpg-based samples, being grouped in the
353  center-left area of the plot.

354 HPLC-UV chromatographic fingerprints were sim@di by considering specific time
355 segments that may contain richer information iremefice to each fruit class. In a first approach,
356 chromatographic profiles from 3 to 23 min were ¢desed as the data (by removing the retention
357 times corresponding to dead volume elution andigrade-equilibration step). The scatter plot of
358 PC1lvs PC2 obtained after PCA is depicted in Fig. 2blightly improved sample classification in
359 comparison to the previous one (Fig. 2a) was aeldie8ample distribution in the plot is more or
360 less the same but they appeared more grouped atmeingpecific fruit type. However, again, no
361 clear discrimination among cranberry- and grapetasamples was obtained. It should be mention
362 that the four cranberry fruit samples (CF1l, CF23Cé&nd CF4) appeared completely separated
363 from the other cranberry-based samples (raisinguwoes), as in the previous experiment. This is
364 due to the great differences in polyphenolic congéenong cranberry-based samples as can be seen
365 in Fig. 3S (supplementary material) showing thenssmgted HPLC-UV chromatogram (from 3 to
366 23 min) of a cranberry fruit, raisin and juice sdmpln a second approach, only the
367 chromatographic retention time segments that weveendifferent among the analyzed samples
368  were considered. Thus, HPLC-UV chromatographicdipgnts by combining time segments from
369 4.7-6.5 min + 814 min + 1517 min + 2930 min were submitted to PCA, and the obtained
370 results (score plot of PG& PC2) are shown in Fig. 2b. This data simplificatimproved sample
371 classification in comparison to the two previousp@xments, although again a complete
372 discrimination among cranberry- and grape-basedmmwas not possible Another model was
373 built without including juices and raisins so orffyit samples were considered. Data treated by
374 PCA corresponded to HPLC-UV chromatographic prefisegmented from 3 to 23 min. QCs
375  considering only the fruit samples analyzed wese amployed. The obtained results (score plot of
376 PClvs PC2) are given in Fig. 2d. As can be seen, QCsapd grouped in the center are of the
377  plot showing the good repeatability and robustr#sthe HPLC-UV and chemometric methods
378 employed. Regarding fruit samples, a very goodibigion was observed, being raspberry fruits
379 grouped in the center-top area of the plot, whike ¢ther samples appeared at the bottom of the
380 plot, grape to the left, blueberry in the cented ananberry to the right area. In contrast to the

381 results observed when employing phenolic peak arheapresent developed method employing

12



382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415

HPLC-UV fingerprinting improved the PCA classifimat in comparison to the ones previously
reported using sephadex purification of proanthalias (Navarro, Nufiez, Saurina, Hernandez-
Cassou & Puignou, 2014) and even LC-MS/MS methdtwrets, Alechaga, Nafez, Saurina,
Hernandez-Cassou & Puignou, 2016; Puigventds, KavAtechaga, Nufiez, Saurina, Hernandez-
Cassou & Puignou, 2015). Taking into account thesalts, fruit samples were employed for the

adulteration studies carried out.

3.3. Adulteration studies by partial least squares regression

PLS was employed to quantify the grape, bluebermaspberry percentage of adulteration
in the cranberry fruit extracts under study. Alsuls discussed here corresponded to HPLC-UV
chromatographic fingerprints recorded at 280 nmshbuld be mention that models using
chromatograms recorded at the other wavelengthg akso investigated but, again, the most
satisfactory PLS results were obtained at 280 rnime. HLS model was first established on the data
set of calibration as indicated in the experimestdtion. On a first approach, the time window
from 3 to 23 min was selected for PLS. The numlddatent variables (LV) to be used for the
assessment of the model was estimated by vendtrats lxross validation method, considering 6
data splits. PLS results obtained for the studgrahberry-fruit extracts adulterated with raspberry
fruit extracts are shown in Fig. 3. As can be dg&eg. 3a), the lowest prediction error was attained
with 4 LV in this particular example although, iergeral, the optimal number of latent variables
ranged from 4 to 6 depending on the case. Fig.eflicts the scatter plot of scores on LV1 and
LV2 showing the distribution of analyzed samplesagreement with the raspberry adulterated
contents. The performance of predictions of raspberercentages in both calibration and
prediction steps was evaluated under the selectatkintonditions. Training and test results are
depicted in Figs. 3c and 3d, respectively, andothtained errors for both calibration and prediction
steps are summarized in Table 1. The agreemenibatactual and predicted values was highly
satisfactory. In the case of the test set, a ptiedierror of 4.65% was in the case of study. Bette
results were even achieved when blueberry-, angegiraiit extracts were used as adulterants (see
PLS results in Figs. S4 and S5 on the supplememtatgrial for the adulteration with blueberry
and grape, respectively). Overall prediction ertmow 2.5% were obtained (Table 1).

In a second approach, in order to see if resuds loe improved at low adulteration
concentrations, a PLS model employing only low tetation levels was also considered. For that
purpose, 100% cranberry-fruit extract samples, S5@@tilterant extract samples, and 100%
adulterant-fruit samples were removed from thebcation set, and the segmented HPLC-UV

chromatographic fingerprints from 3 to 23 min ob&l for the other samples were subjected to

13



416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448

PLS. The results are shown in Fig. 4 and in Figsai®l S7 (supplementary material) for raspberry-
, blueberry-, and grape-fruit extracts used astadhuits, and the prediction errors obtained ai@ als
summarized in Table 1. Although calibration erreversened slightly (but being lower than
1.71%), prediction errors improved when raspbeagd grape-fruits were used as adulterants
extracts. In contrast, prediction errors worsened the case of adulteration with blueberry.
Anyway, overall prediction errors were always veajisfactory with values below 4.26%.

Finally, as the HPLC-UV chromatographic fingerpsiof raspberry-fruit samples are quite
characteristic in comparison to the ones obsergedrinberry-fruit samples (see, as example, the
HPLC-UV chromatograms from 3 to 23 min for each ofehe analyzed fruits in Fig S8 of the
supplementary material), a PLS model considerindy several more specific HPLC-UV
chromatographic time segments was evaluated wisgbeary was used as adulterant fruit. Thus,
HPLC-UV chromatographic fingerprints combining tirmegments from 5.3 min + 9.313.2
min + 16.2-16.4 min of the cranberry-fruit sampledulterated with raspberry extracts were
submitted to PLS, and the results are shown in Fidg?rediction errors are also summarized in
Table 1. An important improvement on adulteratiommfitation was observed, with a reduction on
prediction errors below 2.03%. These results shbat tfor some specific adulterants the
simplification of HPLC-UV chromatographic fingerpts employing discriminant time segments

may improve the identification of frauds.

4. Conclusions

A simple and feasible HPLC-UV method was develofpedhe determination of seventeen
polyphenols and phenolic acids, showing acceptaBle and LOQ values, good linearity, run-to-
run and day-to-day precisions, and inter-day atrdiday method trueness.

Both peak areas of targeted compounds and chrgnagioic fingerprints recorded at
various wavelengths were used as the analytical tatbe further treated chemometrically.
Exploratory PCA on phenolic peak areas providedasonable sample classification regarding the
kind of fruit involved. The discrimination among nsples improved when HPLC-UV
chromatographic fingerprints were employed as daita resulted in richer source of discriminant
features. The best characterization and classdicaif samples was observed when combining
HPLC-UV chromatographic fingerprints at differeimé segments (4-6.5 min + 814 min +
15-17 min + 2930 min), although still cranberry- and grape-basathples appeared grouped
quite close. When the data set under study wasceeldio fruit-based samples were considered for

exploratory PCA, a very good characterization aladsification of samples regarding the fruit of
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origin was observed when employing HPLC-chromatplgiafingerprints segmented from 3 to 23
min. Taking into account these results, fruit samplvere considered to carry out further
authentication studies focused on the quantitaifdrauds.

The adulteration of cranberry fruit extracts wiélspberry, blueberry or grape fruit extracts
was here studied. The percentage of raspberrybéine or grape added as adulterant to the
cranberry extracts was determined by multivariaiécation using PLS. Overall prediction errors
in the quantitation of fruit adulterant percentayen at very low amounts (2%) were below 4.3%,
showing that the proposed HPLC-UV method in comibomawith multivariate calibration was a
simple and suitable strategy for the identificatiinfrauds and to guarantee authentication of
cranberry-based extracts employed for the prodmctb cranberry-based pharmaceuticals and

nutraceuticals.
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Figure captions

Fig. 1. Score plots of (a) PCls PC2 and (b) PC2s PC3 obtained when using as analytical data

for PCA the phenolic peak area information.

Fig. 2. Score plots of PC¥s PC2 obtained with all analyzed samples when uashgnalytical data
for PCA: (a) the full HPLC-UV chromatographic fimgeints; (b) the HPLC-UV chromatographic
fingerprints segmented from 3 to 23 min; (c) the LBRJV chromatographic fingerprints
segmented from 4-6.5 min + &14 min + 1517 min + 2930 min; (d) the HPLC-UV

chromatographic fingerprints segmented from 3 ton23 only with replicates of fruit samples.

Fig. 3. PLS applied to the quantification of the raspbgreycentage on cranberry-fruit extracts
adulterated when using HPLC-UV chromatographic dipgints segmented from 3 to 23 min as
data. (a) Root mean square error in cross validdlRMSECYV) for the estimation of the optimum
number of latent variables to be used for the assest of the calibration model. (b) Plot of scores
of latent variable 1 versus latent variable 2. $catter plot of actuals calculated raspberry
percentages in the validation of the calibrationdeio (d) Scatter plot of actuak calculated

raspberry percentages in the validation of prealisti

Fig. 4. PLS applied to the quantification of the raspbgreycentage on cranberry-fruit extracts
adulterated when using HPLC-UV chromatographic dipgints segmented from 3 to 23 min as
data, and considering only low adulteration levé$.Root mean square error in cross validation
(RMSECV) for the estimation of the optimum numbdrlatent variables to be used for the
assessment of the calibration model. (b) Plot ofesc of latent variable 1 versus latent variable 2.
(c) Scatter plot of actuals calculated raspberry percentages in the validadiothe calibration

model. (d) Scatter plot of actuad calculated raspberry percentages in the validatigredictions.

Fig. 5. PLS applied to the quantification of the raspbgreycentage on cranberry-fruit extracts
adulterated when using the combination of HPLC-WWomatographic fingerprints at different
time segments (546.3 min + 9.+13.2 min + 16.2-16.4 min) as data. (a) Root meausgerror in

cross validation (RMSECYV) for the estimation of thietimum number of latent variables to be
used for the assessment of the calibration molePIpt of scores of latent variable 1 versus laten

variable 2. (c) Scatter plot of actuad calculated raspberry percentages in the validatiothe
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604  calibration model. (d) Scatter plot of actwalcalculated raspberry percentages in the validaifon
605  predictions.
606

607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626

20



Table 1. Prediction errors by PLS regression in thguantification of cranberry-fruit extracts adulter ated with raspberry-, blueberry-,

and grape-fruit extracts.

Data for PLS

Calibration error (%)

Prediction error (%)

Raspberry  Blueberry Grape Raspberry  Blueberry p&ra
HPLC-UV chromatographic fingerprints segment 3-28 m 0.15 0.06 0.17 4.65 2.32 2.53
HPLC-L)V chromatogrqphlc fingerprints segment 3-28 m 0.37 0.96 171 290 4.6 201
(only with low adulteration levels)
HPLC-UV chromatographic fingerprints segments-5.3 0.10 i i 203 i i

min + 9.213.2 min + 16.2-16.4 min

21
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Table S1. Chemical structuresand classification of the studied polyphenolsand

phenolic acids.
Peak Phenolic compound Family Structure  CASnumber

1 Gallic acid Phenolic acid HOJ;;LOH 149-91-7

2 Homogentistic acid Phenolic acid Homm 451-13-8

3 Protocatechuic acid Phenolic acid E;\ 99-50-3

4 Protocatechualdehyde Phenolic aldehyc (E\ 139-85-5

5 (+)-Catechin hydrate Flavanol 225937-10-0

OH
6 Gentisic acid Phenolic acid °“ 490-79-9
___________________________________________________________________ H _0 LT TR R

7 p-Salicylic acid Phenolic acid BOH 99-96-7

8 Chlorogenic acid Phenolic acid KAQ 327-97-9

9 Vanillic acid Phenolic acid E:L 121-34-6
10 (-)-Epicatechin Flavanol HO‘\A/Q* 490-46-0
11 Syringic acid Phenolic acid OQOCH 530-57-4
12 Syringaldehyde Phenolic aldehydt /5\ 134-96-3
13 Ethyl gallate Phenolic acid :Z@A(A 831-61-8

____________________________________________________________________ HO oo __.
o
14 p-Coumaric acid Phenolic acid D/QA\)LOH 501-98-4
H

15 Ferulic acid Phenolic acid ”ﬂ’woa 537-98-4
16 Resveratrol Stilbene ROh S 501-36-0
17 Quercitrin hydrate Flavone o 522-12-3




Table S2. Instrumental quality parametersof the proposed HPL C-UV method.

run-to-run precision (%RSD, n=5) day-to-day precision (%RSD, n=5x3)
Peak Compound LOD LOQ  Linearity Migration time Concentration Migration time Concentration
(mg/lL) (mglL) (r2) Low  Medium Low  Medium Low  Medium Low  Medium
level level® level level® level level® level levelb
1 Gallic acid 0.27 0.88 0.998 0.8 0.7 3.0 1.2 2.2 0.9 6.5 2.7
2 Homogentistic acid 0.89 2.93 0.998 0.3 0.4 3.1 1.4 1.6 0.6 4.4 2.5
3 Protocatechuic acid 0.26 0.87 0.997 0.3 0.1 1.9 1.4 0.5 0.6 3.7 3.9
4 Protocatechualdehyde  0.24 0.80 0.997 0.5 0.5 3.6 1.1 1.3 0.7 4.4 3.5
5  (+)-Catechin hydrate  0.81 2.67 0.997 0.8 0.6 24 1.2 1.7 1.0 4.5 3.2
6 Gentistic acid 0.76 2.52 0.996 0.3 0.5 2.3 1.4 0.6 0.8 4.2 3.8
7 p-Salicylic acid 0.25 0.83 0.997 0.3 05 1.9 15 0.6 1.1 6.8 4.2
8 Chlorogenic acid 2.90 9.57 0.995 0.4 0.6 1.3 14 0.8 1.3 3.1 4.3
9 Vanillic acid 0.31 1.03 0.986 0.4 0.6 2.5 1.3 0.6 1.0 3.0 6.1
10 (-)-Epicatechin 2.39 7.88 0.997 0.8 0.7 1.1 1.2 24 1.3 4.7 3.2
1 Syringic acid 0.87 2.87 0.998 0.4 0.6 3.9 04 1.7 1.0 4.2 3.2
12 Syringaldehyde 1.03 3.41 0.999 0.3 05 2.3 1.6 0.6 0.8 3.3 4.6
13 Ethyl gallate 0.74 2.46 0.996 0.4 0.3 35 0.5 1.7 0.8 4.6 33
14 p-Coumaric acid 0.16 0.54 0.998 0.1 0.3 2.1 1.2 04 0.6 2.8 4.5
15 Ferulic acid 0.25 0.81 0.996 0.1 0.2 3.2 1.0 0.3 0.5 4.5 4.8
16 Resveratrol 0.85 2.81 0.995 0.1 0.4 0.9 0.9 0.6 0.7 2.9 3.9
17 Quercitrin hydrate 0.76 2.52 0.996 0.1 0.3 34 1.3 04 0.5 4.5 4.3
aLoQ

b 21.88-35.48 mg/L (depending on the compound)



Table S3. Intra-day and inter-day trueness values at low and medium concentration levels.

Trueness
Low concentration level Medium concentration level
. Intra-day Inter-day . Intra-day Inter-day
Peak Compound Con?;?::;atlon Calculated Relative Calculated  Relative Con(‘:;?:l:tlon Calculated Relative Calculated Relative

(mglL) value error value error (mglL) value error value error

(mglL) (%) (mglL) (%) (mglL) (%) (mglL) (%)

1 Gallic acid 0.88 0.89 1.63 0.87 0.08 21.88 22.21 1.52 22.59 3.25
2 Homogentistic acid 2.93 2.94 0.33 3.01 2.87 24.38 2412 1.07 24.68 1.21
3 Protocatechuic acid 0.87 0.96 10.04 0.97 10.90 27.23 25.01 8.14 28.09 3.15
4 Protocatechualdehyde 0.80 0.80 0.34 0.78 3.07 25.03 25.01 0.05 25.52 1.97
5 (+)-Catechin hydrate 2.67 2.69 0.97 2.83 6.26 21.77 27.76 0.01 28.36 213
6 Gentistic acid 2.52 2.41 4.48 2.32 7.82 26.26 26.38 0.45 26.39 0.51
7 p-Salicylic acid 0.83 0.84 0.96 0.82 1.18 26.08 25.41 2.60 26.76 2.57
8 Chlorogenic acid 9.57 9.62 0.51 9.65 0.80 29.92 30.64 2.42 30.38 1.56
9 Vanillic acid 1.03 1.01 2.25 0.99 3.88 32.14 32.77 1.97 32.41 0.85
10 (-)-Epicatechin 7.88 8.22 4.29 8.02 1.78 24.63 25.92 5.24 24.94 1.26
11 Syringic acid 2.87 2.97 3.57 3.06 6.59 29.91 30.00 0.29 30.86 3.18
12 Syringaldehyde 3.41 3.33 2.14 3.44 0.87 35.48 34.55 2.63 36.41 2.63
13 Ethyl gallate 2.46 2.44 0.85 2.53 3.03 25.59 25.80 0.82 26.03 1.73
14 p-Coumaric acid 0.54 0.54 1.01 0.55 1.03 33.80 32.85 2.83 34.65 2.51
15 Ferulic acid 0.81 0.80 1.13 0.81 0.09 25.39 24.62 3.06 26.08 2.69
16 Resveratrol 2.81 2.65 5.64 2.60 7.33 29.23 29.22 0.04 29.30 0.24

17 Quercitrin hydrate 2.52 2.52 0.28 2.46 2.35 26.22 26.07 0.57 26.26 0.15




Fig. S1. HPLC-UV chromatogram (254 nm) of a standard mixture of polyphenols and phenolic acids
at 30 mg/L. Peak identification: (1) gallic acid, (2) homogentistic acid, (3) protocatechuic acid, (4)
protocatechualdehyde, (5) (+)-catechin hydrate, (6) gentisic acid, (7) p-salicylic acid, (8)
chlorogenic acid, (9) vanillic acid, (10) (-)-epicatechin, (11) syringic acid, (12) syringaldehyde, (13)

ethyl gallate, (14) p-coumaric acid, (15) ferulic acid (16) resveratrol and (18) quercitrin hydrate.
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Fig. S2. Loading plots of (a) PC1 vs PC2 and (b) PC2 vs PC3 obtained when using as analytical data

for PCA the phenolics peak area information.
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Fig. S3. Segmented HPLC-UV chromatographic fingerprints (from 3 to 23 min) of three cranberry
samples (fruit, raisin and juice) acquired at 280 nm.
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Fig. S4. Partial least squared regression applied to the quantification of the blueberry percentage on cranberry-fruit extracts adulterated when
using HPLC-UV chromatographic fingerprints segmented from 3 to 23 min as data. (a) Root mean square error in cross validation (RMSECV) for
the estimation of the optimum number of latent variables to be used for the assessment of the calibration model. (b) Plot of scores of latent
variable 1 versus latent variable 2. (c) Scatter plot of actual vs calculated blueberry percentages in the validation of the calibration model. (d)
Scatter plot of actual vs calculated blueberry percentages in the validation of predictions.
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Fig. S5. Partial least squared regression applied to the quantification of the grape percentage on cranberry-fruit extracts adulterated when using
HPLC-UV chromatographic fingerprints segmented from 3 to 23 min as data. (a) Root mean square error in cross validation (RMSECV) for the
estimation of the optimum number of latent variables to be used for the assessment of the calibration model. (b) Plot of scores of latent variable
1 versus latent variable 2. (c) Scatter plot of actual vs calculated grape percentages in the validation of the calibration model. (d) Scatter plot of
actual vs calculated grape percentages in the validation of predictions.
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Fig. S6. Partial least squared regression applied to the quantification of the blueberry percentage on cranberry-fruit extracts adulterated when
using HPLC-UV chromatographic fingerprints segmented from 3 to 23 min as data, and considering only low adulteration levels. (a) Root mean
square error in cross validation (RMSECV) for the estimation of the optimum number of latent variables to be used for the assessment of the
calibration model. (b) Plot of scores of latent variable 1 versus latent variable 2. (c) Scatter plot of actual vs calculated blueberry percentages in
the validation of the calibration model. (d) Scatter plot of actual vs calculated blueberry percentages in the validation of predictions.
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Fig. S7. Partial least squared regression applied to the quantification of the grape percentage on cranberry-fruit extracts adulterated when using
HPLC-UV chromatographic fingerprints segmented from 3 to 23 min as data, and considering only low adulteration levels. (a) Root mean square
error in cross validation (RMSECV) for the estimation of the optimum number of latent variables to be used for the assessment of the calibration
model. (b) Plot of scores of latent variable 1 versus latent variable 2. (c) Scatter plot of actual vs calculated grape percentages in the validation of
the calibration model. (d) Scatter plot of actual vs calculated grape percentages in the validation of predictions.
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Fig. S8. Segmented HPLC-UV chromatographic fingerprints (from 3 to 23 min) of a raspberry,
cranberry, blueberry and grape fruit sample.
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