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Abstract

Non-targeted strategies based on high-performance liquid chromatography with
ultraviolet detection (HPLC-UV) and fluorescence detection (HPLC-FLD) fingerprints
were evaluated to accomplish the classification and authentication of instant coffee (40
samples), instant decaf coffee (26 samples), and chicory (22 samples, including both
ground and instant), as well as to detect and quantify frauds based on chicory adulteration
by multivariate chemometric methods. HPLC-UV and HPLC-FLD fingerprints were
simultaneously obtained with a HPLC-UV-FLD instrument, and they proved to be
excellent chemical descriptors for the classification of coffee and decaf coffee against
chicory samples by partial least squares regression-discriminant analysis (PLS-DA). In
contrast, HPLC-UV fingerprints improved the classification results when addressing
coffee against decaf coffee samples (94.4% classification rate in comparison to 83.3% for
HPLC-FLD fingerprints). Besides, the proposed methodologies resulted to be excellent
to detect and quantify fraud levels in coffee and decaf coffee samples adulterated with
chicory by using partial least squares (PLS) regression, exhibiting good calibration
linearities, calibration errors, and prediction errors. In this case, improved capabilities
were observed with HPLC-FLD fingerprints, providing better PLS calibration linearities
(R%>0.999), lower calibration errors (<0.8%), and similar to better prediction errors (2.9-

3.2%) in comparison to HPLC-UV fingerprints.

Keywords: HPLC-UV-FLD fingerprints; Coffee; Chicory; Food authentication;

Chemometrics.
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1. Introduction

Coffee is one of the most popular beverages around the world, which is consumed as
an infusion of ground roasting coffee beans with a characteristic taste and flavor, with
social aspects related to the provision of hospitality. Coffee drinks have been widely
employed as a stimulant, a property mainly attributed to the presence of caffeine, probably
the most frequently ingested pharmacologically active substance worldwide. Coffee also
contains a high number of bioactive substances such as polyphenols and phenolic acids,
being the main source of, for instance, caffeic and chlorogenic acids, providing a high
antioxidant capacity. Its intake has been related to the improvement of some prevalent
and serious diseases such as type Il diabetes, cancer, liver cirrhosis, and cardiovascular
diseases (Dam, Willett, Manson, & Hu, 2006; Heath, Brahmbhatt, Tahan, lbdah, &
Tahan, 2017; Rodriguez-Artalejo & Lépez-Garcia, 2018; Zhao et al., 2020). It should be
noted that the content and distribution of those bioactive substances and, consequently,
the antioxidant and healthy properties can vary depending on the different coffee
varieties, origin, roasting degree, and climate conditions, among many other factors (Krdl,
Gantner, Tatarak, & Hallmann, 2020; Seninde & Chambers 1V, 2020). Besides, these
varietal, geographical and processing features strongly influence on taste and flavor

characteristics of coffees.

Among the more than 120 species of coffee, those having the major economic and
commercial importance are produced by the Coffea arabica (Arabica) and Coffea
canephora (Robusta). The higher sensorial properties of the Arabica species make it the
most appreciated by consumers and even it is usually considered better than the Robusta
one. Hence, Arabica coffee usually has a higher price in the international market (ICO,
2020), and consequently, it is important to authenticate Arabica and Robusta commercial

blends to detect possible commercial frauds.
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Coffee adulteration is a common practice aimed at obtaining an economic profit by
making the final product prize less expensive (Aline Theodoro Toci, Farah, Pezza, &
Pezza, 2016). The most common coffee adulteration cases are those related to the Arabica
and Robusta blends (Badmos, Lee, & Kuhnert, 2019; Nufiez, Martinez, Saurina, &
Nufiez, 2021), but fraudulent practices may also be related to the quality of the coffee
beans (the different species, geographical origin, and use of defective beans) (Bosmali et
al., 2020; Nufiez, Collado, Martinez, Saurina, & Nufiez, 2020; Nufiez, Martinez, et al.,
2021; Aline T. Toci & Farah, 2014), as well as the addition of other substances such as
coffee husks and stems, maize, brown sugar, or soybean to the coffee blends (Pauli et al.,
2014; Aline Theodoro Toci et al., 2016). Among them, chicory roots (Chicorium intybus
var. sativum) are baked, ground, and used as a coffee substitute (with a similar bitter taste
but without caffeine), but on many occasions is also used as a non-declared coffee
adulterant, especially in instant coffee (Briandet, Kemsley, & Wilson, 1996; Charlton,
Farrington, & Brereton, 2002; Ferreira et al., 2016; Martins et al., 2018), for fraudulent

economical profit as it is a low-cost raw material in comparison to coffee.

Targeted analytical methodologies, in which specific chemicals or groups of
chemicals belonging to the same family are monitored (profiling strategies), are
frequently employed in food authentication. Regarding coffee, 3,4- dimethoxycinnamic
acid (Andrade, Leitdo, Seabra, Oliveira, & Ferreira, 1998), sterols (Carrera, Ledn-
Camacho, Pablos, & Gonzalez, 1998), tocopherols and triglycerides (Gonzéalez, Pablos,
Martin, Ledn-Camacho, & Valdenebro, 2001), phenolics and methylxanthine (Alonso-
Salces, Serra, Remero, & Heberger, 2009), chlorogenic acids (Badmos et al., 2019),
triacylglycerols (Cossignani, Montesano, Simonetti, & Blasi, 2016), 16-O-methylcafestol
and kahweol (Finotello et al., 2017), as well as multi-elemental and stable isotope

profiling (Peng et al., 2019), are among the target analytes under study for its
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characterization and authentication. The concentrations of these targeted compounds (or
their related instrumental signals) are then used as food features (markers) to address
coffee authentication, requiring in most cases the use of commercially available
standards, but also quantitative approaches which sometimes are a difficult task. In
contrast, non-targeted analytical methodologies, based on the analysis of instrumental
responses without assuming any previous knowledge of relevant or irrelevant coffee
chemical components (fingerprinting strategies), appear as faster and simpler alternatives
to accomplish coffee authentication. In this sense, spectroscopic techniques based on
near-infrared (NIR) (Bona et al., 2017; Monteiro et al., 2018), ultraviolet-visible (UV-
vis) (Yulia & Suhandy, 2019), fluorescence (FLD) (Suhandy & Yulia, 2018), and nuclear
magnetic resonance (NMR) (Milani et al., 2020), fingerprinting have been widely
employed to address the authenticity of coffee. Volatile fingerprinting obtained by gas
chromatography with a flame-ionization detector (GC-FID) or coupled with mass
spectrometry (GC-MS), and liquid chromatographic fingerprinting with different
detection systems (UV-vis and FLD), or coupled with low- (LRMS) or high-resolution
mass spectrometry (HRMS), or direct sample analysis by mass spectrometric technigues,
have also been described for that purpose (Aquino et al., 2014; Jumhawan, Putri,
Yusianto, Bamba, & Fukusaki, 2015; Nufez et al., 2020; Nufiez, Martinez, et al., 2021,
Nufiez, Saurina, & Nufiez, 2021; Aline T. Toci & Farah, 2014). Obviously, in most of the
previously commented methodologies, the use of chemometrics becomes essential for

data comparison to assess coffee classification and authentication.

In the present work, the applicability of non-targeted high-performance liquid
chromatography with ultraviolet and fluorescence detection fingerprinting to assess the
classification and authentication of instant coffee, decaf coffee and chicory samples will

be evaluated. Under this approach, remarkable conclusions can be drawn without the need
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to quantify or identify the chemical species responsible for the different sample patterns.
For that purpose, the obtained HPLC-UV and HPLC-FLD fingerprints will be employed
as sample chemical descriptors and submitted to supervised PLS-DA chemometric
method for classification. In addition, the application of the proposed methodology for
fraud detection and quantitation of adulterated instant coffees with chicory by partial least

squares regression will also be studied.
2. Experimental
2.1. Reagents and materials

Methanol (HPLC grade) was obtained from PanReac AppliChem (Barcelona, Spain)
and formic acid (>98%) from Sigma-Aldrich (St. Louis, MO, USA). Water was obtained
from an Elix 3 coupled to a Milli-Q system from Millipore Corporation (Burlington, MA,
USA), which was filtered through an integrated 0.22 um nylon membrane. Commercial
mineral water obtained from Eroski (Barcelona, Spain), with a chemical composition of
403 mg/L dry residue at 180 °C, 326 mg/L bicarbonate, 44 mg/L chloride, 85 mg/L
calcium, 28 mg/L magnesium, 18 mg/L sodium, and 8 mg/L silica, was employed for

coffee brewing to keep constant any water influence on the results.
2.2. Samples and sample treatment

The proposed HPLC-UV and HPLC-FLD fingerprinting methods were applied to the
analysis of 88 commercially available samples grouped as instant coffee (40 samples),
instant decaf coffee (26 samples), and both instant and ground chicory (22 samples),
which were purchased from supermarkets in Barcelona (Spain). Description of the
analyzed samples (commercial name, number of samples, varieties, etc.) is summarized

in Table 1.
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Instant coffee (normal and decaf) and chicory samples were prepared by dissolving
0.5 g of sample in 25 mL of mineral water heated at boiling point with a water heater
(Moulinex, Barcelona, Spain). Conventional chicory samples were brewed by employing
a Moka coffee maker. For that purpose, 35 g of sample and 400 mL of mineral water were
employed for the chicory brewing, with the help of a Bunsen burner to carry out the
chicory lixiviation. All samples were then filtered with 0.45 um nylon filters
(Phenomenex) into 2 mL glass vials and stored at -4 °C until HPLC analysis. The first
fraction of filtrate (ca. 1 mL) was discarded and the following mL was collected in the
injection vial for further analysis. Under these circumstances, possible losses of
compounds by adsorption in the membrane were minimized since the filter reached the
saturation. Besides, a quality control (QC) solution used to evaluate the repeatability of
the methods and the robustness of the chemometric results was prepared by mixing 50
uL of each sample extract. The QC was analyzed every ten samples. All samples were
analyzed randomly with the proposed HPLC-UV-FLD method to minimize the influence

of instrumental drifts in the chemometric models.

Two adulteration cases, an instant coffee (Nescafé Origins sample) and an instant
decaf coffee (Marcilla Créeme sample), both adulterated with instant chicory (Chicorée
Biocop sample), were studied by partial least squares (PLS) regression. For each
adulteration cases, two sets of samples were created for calibration (to build the PLS
model) and validation (prediction purposes). Amounts of chicory adulterations in each
set of samples are summarized in Table 2. Each adulteration was prepared in
quintuplicate. Besides, an additional 50:50 adulteration mixture was used as QC in each
case and analyzed every ten samples. All samples of the adulteration studies were also

analyzed randomly with the proposed HPLC-UV-FLD methodology.

2.3. Instrumentation
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HPLC-UV and HPLC-FLD fingerprints were obtained with an instrument from
Agilent 1100 HPLC Series (Waldbronn, Germany), which was equipped with a binary
pump (G1312A), an automatic sample injector (WPALS G1367A), and a UV-vis diode-
array detector (G1315B) and a fluorescence detector (G1321A) connected in series. The
instrument was controlled with the Agilent Chemstation software (Waldbronn,
Germany). Reversed-phase (RP) chromatographic separation in a Kinetex® C18 (100 x
4.6 mm i.d., 2.6 um partially porous particle size) column from Phenomenex (Torrance,
CA, USA) was employed under gradient elution using 0.1% formic acid acidified water
and methanol as mobile phase components (flow-rate at 400 pL min™). The elution
program used was as follows: from 0 to 30 min, linear gradient increase from 3 to 75%
methanol; from 30 to 32 min, linear gradient increase up to 95% methanol; from 32-34
min, isocratic elution at 95% methanol; from 34 to 34.2 min, back to initial conditions at
3% methanol; and from 34.2 to 40 min, isocratic elution at initial conditions for column
re-equilibration. The injection volume was 5 pL. HPLC analyses were performed at room
temperature. HPLC-UV fingerprints at 280 nm and HPLC-FLD fingerprints at 310 nm

(Aexc) and 410 nm (Aem) were chosen for authentication purposes.
2.4. Data analysis

HPLC-UV and HPLC-FLD fingerprints were used as sample chemical descriptors to
assess the characterization, classification, and authentication of the analyzed samples by
chemometrics. Principal component analysis (PCA), partial least squares regression-
discriminant analysis (PLS-DA), and PLS were used under Stand Alone Chemometrics
Software (SOLO) v. 8.6 from Eigenvector Research (Manson, WA, USA). More details
about the theoretical background of these chemometric methods are addressed elsewhere

(Massart et al., 1997). In all the chemometric models, data were autoscaled to provide the
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same weight to each variable by suppressing differences in both their magnitude and

amplitude of scales.

PCA was employed as an exploratory method to evaluate the performance of the QCs
and to ensure the robustness of the chemometric. In contrast, PLS-DA was used as the
classification method, building the models from a training set composed of well-known
samples belonging to the different classes to be assessed (coffee, decaf coffee, and
chicory). PLS was employed as a multivariate calibration method to quantify the

percentage of chicory in the adulteration cases described in the previous section.

Independently of the chemometric method employed, X-data matrices consisted of
the acquired HPLC-UV or HPLC-FLD fingerprints (UV-vis absorbance and fluorescence
emitted signal, respectively, as a function of chromatographic time). Instead, Y-data
matrices defined each sample class in PLS-DA, whereas for PLS the adulteration
percentages were employed. The most appropriate number of latent variables (LVS) in
PLS-DA and PLS were established at the first significant minimum point of the cross-
validation (CV) error based on Venetian blind approach. The applicability of the built
PLS-DA models was evaluated by external validation. For that purpose, 70% of a sample
group (randomly selected) was used as the training set (data set used for model generation
and optimization), and the remaining 30% of the samples, used as unknown samples,
constituted an independent validation set (used for model prediction). In the case of the

PLS studies, models were validated by using the prediction sets as defined in Table 2.
3. Results and discussion

As previously commented in the introduction section, non-targeted chromatographic
fingerprinting approaches are emerging as simple and feasible strategies to assess the
classification and authentication of food products. In previous works, we demonstrated

that HPLC-UV and HPLC-FLD fingerprints were excellent chemical descriptors to
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classify coffee samples according to their variety (Arabica vs. Robusta), and could also
be considered appropriate for tentative discrimination of the samples according to their
production region and roasting degrees (Nufiez et al., 2020; Nufiez, Martinez, et al.,
2021). The present work aims at evaluating the applicability of non-targeted HPLC-UV
and HPLC-FLD chromatographic fingerprints as sample chemical descriptors to assess
the authenticity of instant coffee and decaf coffee to prevent fraudulent practices,
especially regarding their adulteration with instant chicory, a low-cost raw material

described as a common adulterant in coffee.
3.1. HPLC-UV and HPLC-FLD chromatographic fingerprints

In the present work, non-targeted HPLC-UV and HPLC-FLD chromatographic
fingerprints were obtained simultaneously by connecting in series both UV-vis and
fluorescence detectors (HPLC-UV-FLD method). Fig. 1 shows the HPLC-UV (a) and
HPLC-FLD (b) chromatographic fingerprints obtained for a representative sample of each
group (instant coffee, instant decaf coffee, and ground chicory). As can be seen, HPLC-
FLD fingerprints are in all cases richer regarding the number of signals (bioactive
substances) detected in comparison to HPLC-UV fingerprints. When comparing the
different groups of samples, coffee and decaf coffee samples seem to provide similar
fingerprints for both HPLC-UV and HPLC-FLD from the point of view of signal
distributions, but differences are observed in the relative abundances of each signal
depending on the sample. In contrast, chicory fingerprints are clearly different from those
observed with coffee samples, not only from the point of view of peak signal distributions
but also regarding their relative abundances. This is clearly noticeable with HPLC-UV
fingerprints (Fig. 1a) in the case of chicory, with lower number of detected compounds
in comparison to coffee samples, but with important differences in their ultraviolet

profiles.
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Noteworthy differences were then observed in the obtained fingerprints among the
three groups of analyzed samples, and since these features were reproducible among the
samples belonging to the same group, these chemical descriptors were then evaluated to

classify the samples through multivariate chemometric approaches.
3.2. Exploratory study by PCA

The repeatability of the proposed fingerprinting methods and the robustness of the
obtained chemometric results were first evaluated by PCA from the study of the
performance of the QCs. Fig. 2 depicts the PCA score plots of PC1 vs. PC2 when HPLC-
UV fingerprints (a) and HPLC-FLD fingerprints (b) were employed. As observed, QCs
appeared perfectly grouped when using HPLC-UV fingerprints (Fig. 2a). In contrast,
when HPLC-FLD fingerprints were utilized, the grouping of QCs was more disperse, and
a tendency was observed related to the duration of the instrumental sample sequence (see
the distribution from the first injected QC at the bottom of the plot to the last one at the
top of the plot in Fig. 2b). As both chromatographic fingerprints were obtained
simultaneously for each analyzed sample (HPLC-UV-FLD method), the differentiation
on the repeatability of the obtained results cannot be attributed to reproducibility
problems during injection and chromatographic separation but to the decay of the
fluorescence intensity throughout the sequence of analysis time (probably because of the
drift in the Xe lamp intensity), in comparison to the UV-vis detector. Therefore, HPLD-
FLD fingerprinting data need to be corrected to guarantee a good interpretation of the
chemometric results when performing classification and authentication studies. As the
QC is the same extract solution injected at different moments during the sample sequence,
to perform this correction, each sample fingerprinting was divided by the equivalent one
in the closest QC injected in the sequence, while each QC signal was divided by itself

(resulting in fingerprinting variables defined by the value 1). The PCA score plot of PC1

11
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vs. PC2 when using corrected HPLC-FLD fingerprints is provided in Fig. 2c. As
observed, QCs appeared all in the same position, and the samples distribution changes in

comparison to the non-corrected PCA plot (Fig. 2b), increasing the grouping of samples.

Regarding the distribution of the analyzed samples by PCA, chicory samples are
perfectly discriminated from the other two groups in all cases (Fig. 2). In contrast,
exploratory PCA is not able to separate coffee and decaf coffee in two groups with none
of the HPLC fingerprints employed, although it should be mention that PCA is not a

classificatory chemometric method.

Once established that the performance of the non-targeted HPLC-UV and HPLC-
FLD fingerprinting strategies and the chemometric evaluation is good enough from the
point of view of QCs, the chemical descriptors were subjected to classificatory studies by

PLS-DA.
3.3. Sample classification by PLS-DA

The characterization and classification of the analyzed coffee, decaf coffee and
chicory samples was evaluated by the supervised PLS-DA method. Fig. 3 shows the PLS-
DA score plots of LV1 vs. LV2 when HPLC-UV (a) and HPLC-FLD (b) fingerprints
were employed as sample chemical descriptors. As can be seen, samples tend to be clearly
classified and grouped according to the sample type. Perfect discrimination among
chicory samples with respect the coffee ones was achieved with both HPLC-UV and
HPLC-FLD fingerprints, being an interesting result as chicory is employed as adulterant
of coffee. Chicory samples are exhibiting negative LV1 values while coffee samples tend
to exhibit positive LV1 values. In contrast, full discrimination among coffee and decaf
coffee samples was not accomplished, although certain separation was achieved

according to LV2.

12
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To ensure the applicability of the proposed non-targeted HPLC fingerprinting
methodologies, the classification rate was studied for paired PLS-DA models: (i) coffee
vs. decaf coffee, (ii) coffee vs. chicory, and (iii) decaf coffee vs. chicory, being the last
two models the more interesting ones regarding fraudulent practices. With this aim, the
paired PLS-DA models were established by using 70% of the samples (randomly
selected) for each group as the calibration set, and the remaining 30% of the samples for
each group were “unknown samples” for prediction and validation purposes. As an
example, Fig. 4 shows the validation results of paired PLS-DA models when HPLC-UV
fingerprints (a, ¢, and e) or HPLC-FLD fingerprints (b, d, and f) were used as sample
chemical descriptors. Regarding the calibration models, all of them achieved a 100%
classification rate into their corresponding groups. When addressing the prediction of
coffee versus decaf coffee samples, few of them were not correctly classified depending
on the model. For example, when using HPLC-UV fingerprints (Fig. 4a) one coffee
sample was incorrectly classified as a decaf one (providing a 94.4% classification rate).
Three samples (1 coffee and 2 decaf coffees) were not assigned to their correct group
when using HPLC-FLD fingerprints (Fig. 4b), which represented an 83.3% classification
rate. This could be expected as these two groups of samples were grouped in closest areas
by PLS-DA as shown in Fig. 3. However, when addressing the prediction of both coffee
and decaf coffee against chicory samples (which is the probable adulterant when
fraudulent practices are present), all the samples used as “unknown” for prediction and
validation purposes were correctly classified in their corresponding group (100%
classification rate) independently of the type of fingerprints employed as chemical
descriptors. The classification capabilities of the proposed fingerprinting strategies for
instant coffee and chicory samples are comparable or even better than the one described

by employing IR and chemometrics (Briandet et al., 1996). In addition, the observed
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classification performance is in agreement with results found using the same
methodology when addressing the classification of coffee samples according to their
region of origin, variety and roasting degree (NUfiez et al., 2020; Nufiez, Martinez, et al.,
2021). Because of these good classification rate results with chicory samples, PLS
regression was then employed to build multivariate calibration models for the quantitation

of chicory levels in the adulteration of both coffee and decaf coffee samples.
3.4. Detection and quantitation of coffee adulterations by chemometrics

The feasibility of HPLC-UV and HPLC-FLD fingerprints to detect and quantify
instant coffee adulterations with chicory was evaluated by PLS. Two adulteration cases
were used: (i) an instant coffee (Nescafé Origins sample) and (ii) an instant decaf coffee
(Marcilla Creme sample), both adulterated with different amounts of an instant chicory
(Chicorée Biocop sample). The LVs employed and the PLS calibration and prediction
results in the quantitation of chicory percentages of adulteration are summarized in Table
3. Fig. 5 depicts, as examples, the PLS-DA plots showing the distribution of both
calibration and prediction samples (top plots), and the scatter plots of measured vs.
predicted percentages of chicory adulteration (bottom plots), when an instant decaf coffee
sample was adulterated with chicory, and by employing HPLC-UV (a) and HPLC-FLD
(b) fingerprints as sample chemical descriptors. As can be seen, the PLS-DA plots clearly
show the distribution of samples according to the adulterant percentage, with pure decaf
coffee and chicory samples located at the left and right side of the plot, respectively. In
between, samples tend to be located according to the chicory percentage, showing the
predominant of LV1 in the adulteration factor. Besides, the obtained PLS calibration
models (Fig. 5, bottom plots) were very good, as indicated by the low calibration errors
(£2.1%), bias values tending towards zero, and good linearities (R>>0.996) (Table 3),

independently of the fingerprints employed. Excellent prediction performance was also
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accomplished, with prediction errors lower than 3.5% in all cases. Although very good
results were achieved with both HPLC-UV and HPLC-FLD fingerprints, overall HPLC-
FLD seemed to provide better calibration (<0.8%), and similar to better prediction errors
than HPLC-UV, probably due to the superior selectivity of fluorescence detection. This
behavior was also observed when employing the same non-targeted HPLC fingerprinting
methodologies to address coffee fraud adulterations based on production region and
coffee varieties, although exceptionally better results were obtained with the chicory
adulteration cases under study (Nufiez et al., 2020; NuUfiez, Saurina, et al., 2021).
Regarding the authentication of instant coffee samples adulterated with chicory, the
proposed methodology showed both better classification and fraud authentication
capabilities than previously described methodologies (Briandet et al., 1996; Charlton et
al., 2002). Moreover, the advantage of the proposed methodology is that not only
adulteration cases with chicory can be identified but also the chicory adulterant

concentration level was quantified with low prediction errors.
4. Conclusions

Non-targeted HPLC-UV and HPLC-FLD fingerprints have proved to be good sample
chemical descriptors to accomplish the characterization, classification, and authentication
of instant coffee (normal and decaf ones) and chicory samples. The discrimination
capabilities achieved by both fingerprinting methods by PLS-DA were similar when
addressing the classification of coffee or decaf coffee against chicory samples, with a
100% classification rate. In contrast, when classifying coffee against decaf coffee, HPLC-
UV fingerprinting provided better classificatory results, with a classification rate of
94.4% in comparison to the 83.3% classification rate observed with HPLC-FLD

fingerprints.
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The capability of the proposed HPLC fingerprints to detect and quantify coffee frauds
(down to 15% adulterant levels) using PLS multivariate calibration was established by
evaluating two adulteration cases, instant coffee and instant decaf coffee both adulterated
with instant chicory. Excellent results were accomplished with both non-targeted HPLC
fingerprinting strategies, with overall PLS calibration and prediction errors below 2.1%
and 3.5%, respectively. In this study, HPLC-FLD fingerprinting showed better
performance in comparison to HPLC-UV fingerprinting, providing better PLS calibration

linearities, lower calibration errors, and similar prediction errors.

Therefore, both non-targeted HPLC-UV and HPLC-FLD fingerprinting strategies
resulted to be feasible, simple, and relatively cheap methodologies to address instant
coffee authentication and to detect and quantify frauds based on chicory adulteration.
Nevertheless, the analysis of a large number of samples belonging to different producers
will be required to better assess with confidence the capabilities of the proposed

methodology for authentication purposes
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Figure Captions

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Non-targeted HPLC-UV at 280 nm (a) and HPLC-FLD at 310 nm (excitation)
and 410 nm (emission) (b) chromatographic fingerprints obtained for a
representative sample of each group: instant coffee (Nescafé Classic Creme
sample), instant decaf coffee (Marcilla Classic sample), and ground chicory

(Chicorée Lima Original sample).

PCA score plots of PC1 vs. PC2 to evaluate QC performance when (a) HPLC-
UV fingerprints, (b) HPLC-FLD fingerprints, and (c) HPLC-FLD
fingerprints corrected with the QC signals were used as sample chemical

descriptors.

PLS-DA score plots of LV1 vs. LV2 for the classification of the analyzed
samples when using (a) HPLC-UV and (b) HPLC-FLD fingerprints as sample
chemical descriptors. The number of LVs employed to build the PLS-DA

models for (a) and (b) were 7 and 6, respectively.

Validation of the paired PLS-DA models when using HPLC-UV fingerprints
(a, ¢, and e) and HPLC-FLD fingerprints (b, d, and f) as sample chemical

descriptors.

PLS-DA and PLS results for the instant decaf coffee adulterated with chicory
case when HPLC-UV (a) and HPLC-FLD (b) fingerprints were employed as
sample chemical descriptors. Top plots: PLS-DA scatter plots showing the
distribution of both calibration and prediction samples according to the
chicory adulterant level. Bottom plots: scatter plots of measured vs. predicted

percentages of chicory adulteration.
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Table 1. Description of the coffee and chicory samples analyzed.

. Number of
Sample Commercial brand Type
samples*
Marcilla Classic Natural  Instant 4
Marcilla Creme Natural  Instant 4
Nescafé Classic Instant 6
Nescafé Classic Créme Instant 4
Coffee
Nescafé Black Roast Instant 4
Nescafé Gold Instant 6
Nescafé Origins Instant 6
Eroski Instant 6
Marcilla Classic Instant 4
Marcilla Creme Instant 4
Decaf
Coffee  Nescafé Classic Instant 6
Nescafé Gold Instant 6
Eroski Instant 6
Chicorée lima original Ground 8
Chicory Chicorée Biocop Instant 8
Chicorée La nifa Ground 6

*Number of samples collected from different containers
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Table 2. Samples used as calibration and validation sets in the assessment of
adulteration studies by PLS.

Coffee or decaf coffee (%0)

Chicory as adulterant (%o)

100

0

80 20
60 40
Calibration set
40 60
20 80
0 100
85 15
75 25
Validation set 50 50
25 75
15 85
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Table 3. Results for the evaluation of the adulteration of instant coffee and instant decaf coffee
with instant chicory using HPLC-UV and HPLC-FLD as chemical descriptors for PLS.

Chicory adulteration

HPLC-UV fingerprints HPLC-FLD fingerprints

Instant coffee

Instant decaf coffee
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