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Abstract

Different electronic sensor systems coupled with multivariate data analysis were applied to
characterize and classify seven saffron samples and to verify their declared geographical
origin. The proposed electronic sensing consists of a low cost electronic nose (E-nose) based
on metal oxide semiconductor sensor and a voltammetric electronic tongue (VE-tongue)
based on voltammetric sensors. The ability of multivariable analysis methods such as
Principal Component Analysis (PCA), Hierarchical Cluster Analysis (HCA) and Support
Vector Machines (SVMs) to classify the saffron samples according to their geographical
origin have been investigated. Both PCA and HCA have shown an overlapping of the E-nose
responses. Moreover, the SVMs analysis of the E-nose database reached 66.07 % success rate
in the recognition of the saffron samples odour. On the other hand, good discrimination has
reached using PCA and HCA in the VE-tongue characterization case, beside a 100 % of the
accuracy in the saffron flavour recognition was attained. To validate the proposed electronic
sensing systems, analytical chemical methods such as SPME-GC-MS and UV-Vis
Spectrophotometry were used. This analytical method could be a helpful tool to identify the
composition of volatile compounds of the analysed saffron samples. Moreover, the UV-Vis
Spectrophotometry was also used to determine the non-volatile profile of the samples from
different geographic origins. It is demonstrated that the electronic sensing systems findings
are in a satisfactory correlation with the analytical methods. In the light of these results, it
might say that the electronic systems offer a fast, simple and efficient tool to recognize the

declared geographical origin of the saffron samples.

Keywords: Electronic nose; Voltammetric electronic tongue; SPME-GC-MS; UV-Vis

Spectrophotometry; Saffron; Geographic differentiation; Multivariable analysis.
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1. Introduction

Saffron is commonly used as spice and food colorant, and less extensively, as a textile dye,
perfume and as cosmetics. It is extracted from the dehydrated stigmas of the saffron flower
(Crocus sativus L.). For a long time, folk herbal medicines have used saffron for the treatment
of numerous illnesses owning to its analgesic and sedative properties. In recent years,
Abdullaev'? has demonstrated the possible use of saffron as effective anticancer and
chemopreventive agent in clinical trials. Besides, the quality of saffron is an important factor
for culinary, medicinal, and commercial purposes. In the international trade, Iran, Greece,
Morocco, India, and Spain are among the most producers and exporters countries of saffron in
the world. Globally, although 90 % of world’s production of saffron comes from Iran,
Morocco still remains in the top ten of the world’s biggest producers, ranked fourth after
India, Greece and just before Spain’. In the Southwest of Morocco, the region of Taliouine is
considered as the Moroccan main zone for saffron cultivation, altitude 1200 m — 1630 m,
latitude 30°31° N and a longitude of 7°55” W*, where it benefits from optimal conditions of
soil altitude and arid-dry climate with harsh winters, calcareous soils, rich in sand and in silt
but with low clay concentration’. Besides, the practices are traditional with specialized labour

(irrigated crop, harvesting of flower and pruning scars by hand).

Saffron’s commercial quality is determined by the ISO/TS 3632-2 standard recommandation®.
Indeed, it is closely associated with aroma’™®, taste’ and color'®. The organoleptic properties of
saffron spice are given by the presence of carotenoid derivatives. These compounds are
responsible for such attributes: crocin, a group of glycoside derivates from the carotenoid
crocetin; terpenic aldehydes known as safranal and the glycoside terpenoid picrocrocin,
respectively (picrocrocin for flavour and safranal for aroma)7. Like almost all foodstuff

products, the price of saffron is directly depending on its quality, which is also related to the
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geographical origin of the production area. The Protected Designation of Origin (PDO) for
agricultural products has been introduced with official European regulations, which allow the
labelling of some products with the names of the geographical area of production. Moreover,
the problem of geographic identification of food becomes more attractive when it concerns to
restricted production areas. To deal with this subject, many methods have been employed for
the determination of the geographical origin of saffron. Among these methods, there are
Liquid Chromatography- Diode Array Detector Coupled with Mass Spectrometry/ Mass
Spectrometry Electron Spray lonization (LC—DAD/MS/MSESI)g, Thermal Desorption- Gas
Chromatography- Mass Spectrometry (TD-GC-MS)’, Gas Chromatography equipped with a
12 13

Flame lonization Detector (GC-FID)'', Near-Infrared Spectroscopy'2, °C Isotopic Analysis'

and High-Performance Liquid Chromatography (HPLC)M.

These standard analytical methods can give very detailed information about the chemical
compounds present in saffron. However, they still require time-consuming measurements,
sample preparation and a qualified staff for ascertaining the origin of the component. The
development of precise and rapid methods for the pattern screening of the saffron samples,
according to their geographical origin, could be of help for the assignment of a “designation

of origin” trade mark.

Analysis of volatile compounds (headspace) and electrochemical species have been proposed
as rapid patterns screening of several products'™'®. E-nose and E-tongue have widely been
suggested for the monitoring of food quality. Both devices consist of arrays of non-selective
gas or liquid sensors with a broad and partially overlapping selectivity towards compounds,
which are present in a sample'’. The sensor arrays are coupled to an appropriate pattern
recognition model that is capable of retrieving information from complex signals'®. These

electronic sensing systems could represent a convenient alternative for screening due to their
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rapidity, simplicity and low cost to classify products with a different chemical "fingerprint""”.
Electronic nose technology has been shown to be able to discriminate saffron samples from
different origins’. However, to our knowledge, no research on the electronic tongue
technology has been published on saffron origin identification. The aim of this study was to
test the ability of multisensory system to characterize and differentiate several kinds of saffron
picked up from different countries using a multisensory systems combined with SPME-GC-
MS and UV-Vis Spectrophotometry analysis and three supervised and unsupervised pattern

recognition methods (PCA, SVMs, HCA) for accurate classification.

2. Materials and methods

2.1. Measurements on saffron samples

In this study, 7 saffron samples from 3 different countries (Morocco, Iran and Syria) were
analysed. The samples are distributed as follows: 5 saffron samples of 5 different areas from
Taliouine, Morocco (Saffron Taliouine (ST xx with xx= 16, 70, 117, 148 and 150)) which
were obtained directly from a cooperative to avoid possible undeclared mixtures, one saffron
samples from Iran (SI) and one saffron samples from Syria (SS), these two samples are
bought from the market. Saffron samples have been harvested in the period between October
and November 2013. All saffron samples were stored in a dry and dark place in order to
minimize any deteriorative changes to the aroma and taste until their processingzo. All

analyses were conducted within three months after sample collection.
2.2, E-nose set-up measurement and methodology

An electronic nose system based on a 5-sensors array was used. The experimental system is
mainly composed of three parts: sensor array, sampling vessel with system of measurement,
and a data acquisition systemzl. In Fig. 1, the sensor array comprised of five different tin-

dioxide gas sensors: TGS 8xx (with xx=15, 22, 24, 25 and 42) obtained from Figaro

5
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Engineering, Inc. (Osaka, Japan). In the literature, many studies have stated that the
temperature of the sample, sensor chamber, and sensors must be kept constant to achieve
repeatable performance of the electronic nose system. This is because a modification of the
environmental temperature value can induce a variation of the sensor operating temperature,
modifying the sensor sensitivity and then the steady-state conductance value®. As a direct
cause, a temperature sensor (LM335Z) and a relative humidity sensor (HIH4000-01) from
National Semiconductor (Santa Clara, CA, USA) were used for constantly monitoring the

inner sensor chamber temperature and relative humidity.

The sampling vessel was a necessary arrangement to transport the odorant molecules of a
sample from the vial collection device, via pure nitrogen (as carrier gas), to facilitate contact
with the sensors. The data acquisition system measured the variation of sensors conductivity
using a PIC16F877 microcontroller, (via a serial RS232 communication port). A PC
programmed with an in-house-written program using LabVIEW© software (National
Instruments Inc., Austin, Texas, USA) controlled the electronics and acquired data from the

sensors. The signal output was measured at 2 s intervals for 10 min.

For the E-nose measurements, the saffron samples were measured without any pre-treatment.
Six replicates of each sample of 0.4 g of saffron were placed in a 100 mL airtight glass vial

with two small holes in their cover to access the headspace to the E-nose equipment.
2.3. Voltammetric electronic tongue set-up measurement and methodology

The voltammetric electronic tongue device consists in an array of seven working electrodes, a
platinum counter electrode, and an Ag/AgCl reference electrode, which were housed inside a
homemade glass backer, used as e-body of the VE-tongue system”. The working electrodes
were made up of gold, palladium, platinum, silver, glassy carbon, copper and nickel. An

overall view of the VE-tongue system is shown in Fig 2. The electrodes were connected via a

6
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relay box to a portable potentiostat PalmSens (PalmSens BV, The Netherlands). The
advantage of using VE-tongues based on metallic electrodes is that it is quite simple to
remove any accumulated unwanted material on the electrode by simply rinsing with distilled
water after each reading. Indeed, an electrochemical cleaning step was performed to prevent
the accumulative effect of impurities on electrode surface. The electrodes were rinsed with
distilled water after each reading'®. Several tests were carried out on saffron samples for each
working electrode, in order to optimize the electrochemical window range. Thus, cyclic
voltammetry (CV) was recorded in a range of varying potentials from -300 mV to 1000 mV
with a scan rate of 20 mVes™'. Under the terms of these conditions, the various saffron spices

showed anodic and cathodic peaks.

For the VE-tongue measurements, 50 mg of saffron stigmas of each sample were dissolved in
0.1 molar potassium chloride aqueous solutions in a glass beaker. The solution was stirred

with a magnetic stirrer for one hour in the dark to minimize the effect of light on taste®”.
2.4. Feature extraction

Feature extraction is an essential pre-processing step to pattern recognition. The features used
for data analysis are directly extracted from the responses of the sensors array in order to fully
exploit the maximum information present in the response. Therefore, for every sensor within
the array and measurement performed, four representative features from the E-nose response

signals and three representative features form the VE-tongue voltammograms were extracted.
In the case of E-nose system, the dataset comprised the following set of features:

& Gy the initial conductance of a sensor calculated as the average value of its

conductance during the first minute of a measurement.
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&  Gq: the steady-state conductance calculated as the average value of its conductance
during the last minute of a measurement.

& dG/dt: the dynamic slope of the conductance calculated between 2 and 7 min of a
measurement.

& A the area below the conductance curve in a time interval defined between 2 and 8

min of a measurement. This area is estimated by the trapeze method.

The choice of these features was based on our previous works related to food products®*=°,

Since there were five gas sensors, each measurement was described by 20 variables (5 sensors

x 4 features).
In the case of VE-tongue system, the dataset comprised the following set of features:

& Al = Iax - Inin: the current change calculated as the difference between maximum and
minimum values of the current; where, I.x represents the maximum value of the
current measured in the final potential range and Iy, represents the minimal value of
the current measured in the initial potential.

&  Syx: the maximum slope of the current curve in the oxidation phase.

&  S;q: the maximum slope of the current curve in the reduction phase.

These parameters were also chosen based on the previous works'®*’. Since there were seven
working electrodes within the array, each voltammetric measurement was described by 21

variables (7 electrodes x 3 features).

2.5. Solid Phase Micro-Extraction Gas Chromatography-Mass Spectrometry

(SPME-GC-MS)

The analysis of volatile organic compounds (VOCs) from saffron headspace was performed in

order to identify the main compounds, which are responsible for their odour, by gas

Page 8 of 41
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chromatography-mass spectrometry. A SPME fibre of 0.75 mm diameter coated by
carboxen/polydimethylsiloxane (CAR/PDMS, Sigma-Aldrich) was used for sampling of
VOCs from headspace. 50 mg of each saffron sample was put in a 20 mL vial with PTFE-
septum. The aroma equilibration time was at least 30 min at (25 £ 0.5) °C. The SPME fibre
was pierced through a septum into the vial for absorption of VOC or rather aroma
compounds. The absorption time was 15 min at (25 = 0.5) °C. The absorbed aroma
compounds on the SPME fibre were thermally desorbed for 2 min in the closed GC inlet at
250 °C. The GC-MS analysis was initiated by splitless injection. The equilibration was
consistent for all measurements. The analyses were carried out with an GC 6890 (Agilent)
equipped with a DB 624 capillary column (30 m x 0.32 mm i.d.: 1.8 um film thickness),
helium as carrier gas® and a mass selective detector MSD 5972 (Agilent), the ionisation
energy was set to 70 eV and the specific ions are analysed in the m/z-range 30 to 150 with 3.7
scans per second. The detector interface was kept at 280°C. The oven was maintained at 40
°C for 0.5 min and then the temperature was increased to 240 °C (6.5 K/min). Finally, this
temperature was maintained for 1 min. Compounds identification was carried out using the

NIST library and comparison with those reported in the literature®".

2.6. Spectrophotometric analysis

Saffron’s quality depends on the concentration of secondary metabolites, such as crocin,
safranal and picrocrocin®®. In this context, the seven saffron samples were analysed using
ANACHEM instruments UV220 spectrophotometer in the range from 200 nm to 700 nm by
using a quartz cell (1 cm path-length). Absorbance readings at 257 nm, 310 nm and 440 nm
were related back to the 1 % solution and expressed as E12%, (257 nm), E{%, (310 nm) and
E1%. (440 nm), according to the ISO/TS 3632-2 for the standardized measurement of

bitterness and colouring strength, respectively. A blank system was prepared for each



©CoO~NOUTA,WNPE

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

Analytical Methods Page 10 of 41

treatment and used as analytical blank for the corresponding phase. The reference solution
(distilled water) was used in this study as a solvent. For the measurement of the
spectrophotometric indexes, moisture and volatile content were evaluated by using the saffron
in filaments. After weighting, the samples were introduced uncovered in an oven set at (103 +

2) °C for 16 h*°.

The results have been obtained by direct reading of the absorbance (D) as reported in the

following equation®:

1% D x 10000
Elém =
m X (100 — H)

where D is the absorbance at 257 nm, 310 nm and 440 nm; m is the mass of the saffron
sample, in grams; H is the moisture and volatile content of the sample, expressed as a mass
fraction by using the following relation:

initial mass — final mass
H = —— x 100
initial mass

. . . . 0,
Our proposal is to express the content of picrocrocin, safranal and crocin as E12% 257 nm,

E1% 310 nm and E1% 440 nm, respectively, of the fraction in which it is contained in a dry
basis of saffron using the average extinction coefficient for picrocrocin, safranal and crocin

(&2570m = 103000 dm3moltem™, €315, = 9280 dm?3 mol ! cm? and E440mm =

33-35

10515 dm3. mol! cm™, respectively in water and a molecular mass of 977 gmol”,

310 gmol'1 and 150 gmol'l, consecutively:

(EX* ) x Mw x 10

Amax

% of secondary metabolites in dry basis = -

where Mw is the molecular weight of a secondary metabolite and ¢ is the molar extinction
coefficient.

2.7. Data analysis and chemometric procedures

10
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Multivariate analysis methods play an important role in differentiating different samples of
saffron produced in different countries by using the sensory systems. The main objective of
using pattern recognition methods in this particular application was to estimate the
performance of the E-nose and VE-tongue to discriminate the geographical origin of several
saffron types produced in different countries and in a specific region of Morocco by
employing both linear and non-linear methods such as Principal Component Analysis (PCA),

Hierarchical Cluster Analysis (HCA), and Support Vector Machines (SVMs).

PCA is a powerful linear and unsupervised pattern recognition technique that has been shown
to be effective tool for an easy visualization of the maximum information contained in a
dataset ***°. Tt decomposes the primary data matrix by projecting the multidimensional data
onto a new coordinate base formed by the orthogonal directions with maximum data variance.
The eigenvectors of the data matrix are called Principal Components (PC) and they are

uncorrelated among them.

HCA is a linear and unsupervised method for finding the underlying structure of objects
through an iterative process that associates or dissociates object by object, and that is halted
when all objects have been processed*’. HCA is known as method for classification in the
literature and is a more primitive technique in that no assumptions are made concerning the

41,42

number of groups. Grouping is done based on similarities or distances™ ~°. The results of

hierarchical clustering methods are often displayed as a dendrogram connection.

SVMs approach was used, as a nonlinear and a supervised learning technique, for
classification analysis. SVMs are one of the kernel-based pattern recognition methods. SVMs
were originally designed for binary classification. Currently there are two types of approaches
for multi-class SVMs. One is by constructing and combining several binary classifiers “one-

against-one or one-against-all methods”, while the other is by directly considering all data in

11
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one optimization formulation. Additional and more detailed information can be found

elsewhere®*,

3. Results and discussion

3.1. Electronic nose analysis

Fig. 3(a) shows the typical signals of the conductance (G(t)) generated by the TGS 842 sensor
exposed to the seven saffron samples. The sensor signals increase slightly depending on the
saffron being measured. The obtained curves for the different saffron samples have a similar
shape. This behaviour could be justified by the similarity of the saffron headspace.
Furthermore, Fig. 3(b) represents the radar plots of the analysed saffron samples. These plots
were constructed by using the dynamic slope value of the each sensor response divided by the
maximum slope of the signal of the sensor TGS 842 (in this type of application). As one can
see, there is some similarity between fingerprints of the samples from ST 70, ST 148 and
ST 150. The same reasoning applies to the saffron samples ST 16 and ST 117 then, it is
quite difficult to discriminate between these analysed samples. We can remark that it’s not
easy to draw significant conclusions by the use of only one variable. Consequently, the use of

the multivariable approach is paramount to analyse the overall of the sensors responses.

Indeed, PCA method was used as an exploratory technique to investigate clustering of data
points within the multi-dimensional space of features. Fig. 4 shows the projections of the
experimental results on a three-dimensional plot (3D) by using the first three new principal
components, showing an accumulated variance of 91.35 %. PC1 explained 66.66 % of the
total variance in the data set, PC2 explained 18.53 % while PC3 explained 6.16 %; a high
value of accumulated variance indicating that nearly all the variance contained in the original

information is presented now by only these three new PCs. The PCA has resulted in a primary

12
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classification among samples coming from different areas, although this discrimination was
not complete. As we can notice, no clear discrimination was been observed between ST 16
and ST 150, on one hand and ST 70 and ST 148 on the other hand. However, clusters
corresponding to the samples of the region of Taliouine and those from Iran and Syria are

discriminated.

To confirm PCA results, another unsupervised method was used. HCA provided a better
alternative for visual representation of high-dimensional data. The results of HCA are
presented in Fig. 5 as a dendrogram obtained from the saffron samples applying the Euclidean
distance and Ward linkage to define clusters. As shown in the dendrogram, the 56 saffron
samples representing the 7 types of saffron (8 replicates per type) were not clustered. This
finding revealed the existence of a global similarity among the headspaces of all kinds of

saffron, which contribute to the miss discrimination using the HCA method.

On the other hand, SVMs one-against-one classification method was applied to develop a
robust classifier model for the E-nose investigations. Second-order of radial basis function
(Polynomial) kernel was used to project the training data to a space that maximizes the margin
hyper plane. The performance in classification is shown in Table 1 as a confusion matrix. The
validation was performed using leave-one-out cross-validation technique. The SVMs reached
66.07 % success rate in the recognition of the seven saffron samples. As it can be noticed in
this Table, several mistakes are signalled. Therefore, the results obtained by SVMs indicate
that the ST 70 and ST 148 classes are very close to each other, the same thing can be said
about SI and SS. For ST 117 and ST 150, these two clusters are well classified. These

findings are in good agreement with PCA and HCA results.

3.2. Electrochemical fingerprints of saffron by electronic tongue analysis

13
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The voltammetric analysis was carried out in order to determine the electrochemical
fingerprint of saffron stigmas by using different electrodes (Ag, Au, Cu, GC, Ni, Pd and Pt).
As it is known, the electrochemical response of a given compound depends on the intrinsic
chemical nature of both the electrode and the redox behaviour of the product itself. This
important cross-selectivity is illustrated in Fig. 6(a) for a glassy carbon electrode immersed in
the studied saffron samples. As it is observed, the signals differ slightly between the samples
at the extremities of voltammograms. The slight differences between voltammetric responses
of the electrode might due to the compounds that have been detected in the saffron solutions.
Thus, the radar plots were used in order to see if there are pattern differences among saffron
samples of different areas. Fig. 6(b) shows the radar plots of the response of the seven saffron
samples by choosing the current change (Al) as variable. It can be observed that a clear

pattern variation exists between the studied samples.

PCA is frequently employed to generate a reduced set of variables that can be explained the
main point of the variance in the original data. PCA analysis was performed on saffron
samples in order to evaluate the VE-tongue ability in the geographical classification task of
saffron. Fig. 7 illustrates the PCA model effectiveness in classifying the saffron samples. The
first three principal components explain an accumulated variance of 71.92 % in the
experimental data with relative weight of each one of 36.44 %, 19.06 % and 16.42 %,
respectively. It can be seen that a perfect discrimination among all saffron origins have been
obtained. Thus, the VE-tongue results seem to be very useful for recognizing correctly the
origins of saffron samples even if they were picked up from a very restricted area as is the

case of the substrate of Taliouine referenced by ST xx.

Before performing a supervised technique, HCA was also applied. The HCA dendrogram,
with the Euclidean distance and Ward linkage to define clusters for classification of saffron

14
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samples of different areas, is shown in Fig. 8. At distance D= 12, the samples from each
cluster are perfectly grouped in the dendrogram, with each cluster coming off a single branch
to the left of the vertical dashed line. At this distance, HCA also has the same results with
PCA. There were no samples linked with wrong group, and the clustering classification was

completely successful.

To confirm the result of PCA and HCA analysis, the SVMs with the second-order polynomial
the secondary kernel and the one-against-one model have been applied for the recognition and
classification of the 7 geographical origins of saffron. As in the PCA and HCA, 21 response
features from the sensor array are used as inputs to the SVMs. Table 2 shows the confusion
matrix of the SVMs classifier. As it can be noticed in this Table, 100 % of the accuracy in the
recognition of the saffron samples was achieved. These results indicate that all saffron

samples were perfectly classified.

3.3. SPME-GC-MS results

The SPME-GC-MS analysis that we have conducted aims to identify VOCs present in the
headspace of saffron samples from different countries. The total ion chromatograms (TIC) of
the aroma composition of saffron samples are depicted in Fig. 9. The volatile compounds
were tentatively identified by comparing their mass spectra with the standard mass spectra
library. The most representative VOCs recorded on the TIC, by order of appearance, are as
follow: Acetic acid, 2(5H)-furanone, isophorone (2-cyclohexen-1-one, 3,5,5-trimethyl-) and
safranal (2,6,6-trimethyl-1,3-cyclohexadiene-1-carboxaldehyde). Comparing the main
volatiles between the seven kinds of saffron, it can be observed that they share the same

hierarchical magnitude but with different proportions.
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In order to analyse the main difference between the seven saffron areas, we have established
the aroma composition profile according to the seven classes, as shown in Table 3. Indeed,
seven major compounds were identified in saffron (Fig. 10). It should be noted that the
amount of the extracted compounds is expressed as a percentage of the obtained peak area
relative to the total area of all peaks of the TIC. Most of the compounds detected and
tentatively identified have been previously reported in other studies on the aroma composition

31,45
of saffron” ™.

Amongst them, safranal (2,6,6-trimethyl-1,3-cyclohexadiene-1-carboxaldehyde) is the major
characteristic of saffron aroma”''. Safranal showed significant differences between the all
samples. Its percentage is high for the ST 148 compared to the other samples. Acetic acid
(compound 2), isophorone (compound 4) and 2(5H)-furanone (compound 5) were found at a
much higher proportion’. On the other hand, Carmona’ demonstrated that acetic acid is
capable to differentiate saffron from its origin by mean of GC-MS. In addition, in his study,
the content of acetic acid is different from sample to another. Therefore, the saffron sample
released the acetic acid gas; the last one decompose to methane gas and CO,, as a result, the
TGS 842 signal increase depends on the amount of methane present in headspace. Hence, it is
now easy to realize that these compounds are maybe the main responsible of the slight
misclassification in the case of the use of E-nose analysis; they play a part in differentiation
between the all saffron samples. Indeed, it can be observed that saffron samples of ST 70 and
ST 148 share almost the same percentages of the identified VOCs. This may explain the clear
overlap of these two classes in the E-nose findings (Fig. 4). The samples from ST 16, ST 117
and ST 150 have different, although slight, percentages of the identified VOCs. The semi-
quantitative determined volatile compounds in saffron as well as the variation in their

concentration are responsible for different aromatic odours.
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3.4. Secondary metabolites analysis results

As a secondary part of liquid analysis, saffron samples were analysed by UV-Vis
Spectrophotometry in order to confirm the results obtained by the VE-tongue and also to
evaluate the absorbance values due to the presence of their secondary metabolites like crocin,
safranal and picrocrocin. Table 4 shows the value of absorbance measured at different
wavelengths of solutions, after a dilution 1/10 of a 0.5 gL extract. In this table, the crocin
contents (g/100 g), the safranal contents (mg/100 g) and the picrocrocin contents (g/100 g) in
the considered saffron samples have been reported. The obtained results were comparable
with those reported by Cossignani®’, who used GC-FID analysis as an analytical method. Also
a broad range of values was generally reported for the secondary metabolites contents**°.
Furthermore, all saffron samples were classified according to the ISO specifications (ISO/TS
3632-2) regarding moisture and volatile matter content, as well as the main characteristics
using UV-Vis spectrophotometry. Table 5 shows the categories classification of crocin,
safranal and picrocrocin of the analysed saffron samples by using the UV-Vis
spectrophotometer and the ISO/TS 3632-2 standard recommendations®, which ranks saffron
according to the lowest category. We can notice that the saffron aroma quality of all the
analysed samples is good according to the value of safranal observed in the Fig. 10 and the
absorbance values of safranal given in the Table 5 which shows that all the saffron samples
are belong to category I. However, regarding the bitterness of taste of saffron, which is
evaluated by the absorbance value of picrocrocin, we can conclude taking into account the
value given in Table 5 that, only ST 117 belongs to category II, ST 16 and ST 70 to
category III and the rest are classified into category IV.

4. Conclusion
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The possibility of classifying saffron samples based on their geographical origin by the
combination of E-nose, VE-tongue and pattern recognition techniques has been demonstrated.
The analytical methods such as SPME-GC-MS and UV-Vis Spectrophotometry analysis were
also used to validate the olfactory and gustatory findings obtained by the E-nose and VE-
tongue, respectively. PCA, an unsupervised classificatory technique, built with the VE-tongue
sensors appears better than the model built with E-nose. This would be explained by the fact
that some chemical parameters contained in the headspace of the electronic nose do not have a
relevant rule in the class discrimination, contrarily to the case of VE-tongue, which reveals a
good discrimination of the all clusters. The analysis performed by SPME-GC-MS reveals that
some difference in the composition of volatile compounds of the seven samples were
observed. A total of seven volatile compounds of the analysed saffron were identified. This
technique seems to give rich information in the aim to confirm which volatiles are having
sensory impact in the saffron samples. Moreover, the samples were analysed by
spectrophotometric analysis in order to evaluate the absorbance values due to the presence of
their secondary metabolites, crocin, safranal, and picrocrocin. A classification according to
the ISO specifications (ISO/TS 3632-2) regarding moisture and volatile matter content saffron
was also performed. The obtained results suggest that the electronic systems and its
combination with SPME-GC-MS, UV-Vis Spectrophotometry and pattern recognition
methods offer a fast, simple and efficient tool to distinguish samples of different composition

and declared geographical origin of saffron.

Acknowledgements:

We like to thank Moulay Ismail University for financial support of the project “Appui a la

Recherche”. Finantial support of the Moroccan- German Program of Scientific research

18

Page 18 of 41



Page 19 of 41 Analytical Methods

407 (PMARS) project N° MA12/12 is gratefully acknowledged. We also thank the member of the

408  cooperative Souktana from Taliouine (Morocco) for providing the saffron samples.

409

©CoO~NOUTA,WNPE

19



©CoO~NOUTA,WNPE

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

Analytical Methods Page 20 of 41

References

1 F. I. Abdullaev and J. J. Espinosa-Aguirre, Cancer Detection and Prevention, 2004, 28,

426-432.

2 F. 1. Abdullaev, Experimental Biology and Medicine, 2002, 227, 20-25.

3 A. Vaes, Building local capacity to develop quality mountain products: first mission-

Case of saffron, Project FAO/TCP/MOR/3201-Saffron, 2008.

4 M. Lage and C. L. Cantrell, Scientia Horticulturae, 2009, 121, 366-373.

5 A. Birouk, Biodiversity consultation report of saffron in Taliouine-Taznakht area, Project

FAO/TCP/MOR/3201-Saffron, 2009.

6 Saffron (Crocus sativus L.). Part 1 (Specification) and Part 2 (Test methods). The

International Organization for Standarization, Geneva, Switzerland, ISO/TS 3632, 2003.

7 M. Carmona, J. Martinez, A. Zalacain, M. L. Rodriguez-Méndez, J. A. De Saja and G. L.

Alonso, European Food Research and Technology, 2006, 233, 96-101.

8 A. Panighel, I. Maoz, M. De Rosso, F. De Marchi, A. D. Vedova, M. Gardiman, L.

Bavaresco and R. Flamini, Food Chemistry, 2014, 145, 186-190.

9 M. Carmona, A. M. Sanchez, F. Ferreres, A. Zalacain, F. Tomas-Barberan and G. L.

Alonso, Food Chemistry, 2007, 100, 445-450.

10 C. C. Licon, M. Carmona, R. Rubio, A. Molina and M. 1. Berruga, Dyes and Pigments,

2012, 92, 1355-1360.

20



Page 21 of 41

©CoO~NOUTA,WNPE

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

Analytical Methods

11 E. Anastasaki, C. Kanakis, C. Pappas, L. Maggi, C. P. Del Campo, M. Carmona, G. L.
Alonso and M. G. Polissiou, European Food Research and Technology, 2009, 229, 899-

905.

12 A. Zalacain, S. A. Ordoudi, E. M. Diaz-Plaza, M. Carmona, 1. Blazquez, M. Z. Tsimidou

and G. L. Alonso, Journal of Agricultural and Food Chemistry, 2005, 53, 9337-9341.

13 L. Maggi, M. Carmona, S. D. Kelly, N. Marigheto and G. L. Alonso, Food Chemistry,

2001, 128, 543-548.

14 H. Caballero-Ortega, R. Pereda-Miranda and F. 1. Abdullaev, Food Chemistry, 2007,

100, 1126-1131.

15 Z. Haddi, A. Amari, A. Ould Ali, N. El Bari, H. Barhoumi, A. Maaref, N. Jaffrezic-

Renault and B. Bouchikhi, Procedia Engineering, 2011, 25, 1137-1140.

16 J. M. Gutierrez, Z. Haddi, A. Amari, B. Bouchikhi, A. Mimendia, X. Ceto and M. Del

Valle, Sensors and Actuators B, 2013, 177, 989-996.

17 F. Winquist, S. Holmin, C. Krantz-Riilcker, P. Wide and 1. Lundstrém, Analytica

Chimica Acta, 2000, 406, 147-157.

18 F. Rock, N. Barsan and U. Weimar, Chemical Reviews, 2008, 108, 705-725.

19 M. L. Rodriguez-Mendez, C. Apetrei, M. Gay, C. Medina-Plaza, J. A. De Saja, S. Vidal,

0. Aagaard, M. Ugliano, J. Wirth and V. Cheynier, Food Chemistry, 2014, 155, 91-97.

20 M. Bolandi, F. Shahidi, N. Sedaghat, R. Farhoush and H. Mousavi-Nik, World Applied

Sciences Journal, 2008, 5, 132-136.

21



©CoO~NOUTA,WNPE

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

Analytical Methods Page 22 of 41

21 A. Amari, N. El Bari and B. Bouchikhi, Sensors & Transducers Journal, 2009, 102, 33-

44.

22 K. Arshak, E. Moore, G. M. Lyons, J. Harris and S. Clifford, Sensor Review, 2004, 24

(2), 181-198.

23 M. Bougrini, K. Tahri, Z. Haddi, T. Saidi, N. El Bari and B. Bouchikhi, Journal of

Sensors, 2014, 2014, 1-10.

24 N. El Barbri, A. Amari, M. Vinaixa, B. Bouchikhi, X. Correig and E. Llobet, Sensors

and Actuators B, 2007, 128, 235-244.

25 N. El Barbri, E. Llobet, N. El Bari, X. Correig and B. Bouchikhi, Sensors, 2008, 8, 142-

156.

26 7Z. Haddi, A. Amari, H. Alami, N. El Bari, E. Llobet and B. Bouchikhi, Sensors and

Actuators B, 2011, 155, 456-463.

27 Z. Haddi, H. Alami, N. El Bari, M. Tounsi, H. Barhoumi, A. Maaref, N. Jaffrezic-

Renault and B. Bouchikhi, Food Research International, 2013, 54, 1488-1498.

28 U. Banach, C. Tiebe and T. Hiibert, Food Control, 2012, 26, 23-27.

29 M. D’Auria, G. Mauriello, R. Racioppi and G. L. Rana, Journal of Chromatographic

Science, 2006, 44, 18-21.

30 L. Maggi, M. Carmona, A. Zalacain, C. D. Kanakis, E. Anastasaki, P. A. Tarantilis, M.

G. Polissiou and G. L. Alonso, Food Research International, 2010, 43, 1329-1334.

31 L. Culler¢, F. San-Juan and J. Cacho, Food Chemistry, 2011, 127, 1866-1871.

22



Page 23 of 41

©CoO~NOUTA,WNPE

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

Analytical Methods

32 L. Cossignani, E. Urbani, M. S. Simonetti, A. Maurizi, C. Chiesi and F. Blasi, Food

Chemistry, 2014, 143, 446-451.

33 A. M. Sanchez, M. Carmona, C. P. Del Campo and G. L. Alonso, Food Chemistry,

2009, 116, 792-798.

34 B. Montalvo-Hernandez, M. Rito-Palomares and J. Benavides, Journal of

Chromatography A, 2012, 1236, 7-15.

35 F. F. Souret and P. J. Weathers, Journal of Herbs, Spices & Medicinal Plants, 2000, 7,

25-35.

36 Z. Haddi, S. Mabrouk, M. Bougrini, K. Tahri, K. Sghaier, H. Barhoumi, N. El Bari, A.

Maaref, N. Jaffrezic-Renault and B. Bouchikhi, Food Chemistry, 2014, 150, 246-253.

37 X. Hong and J. Wang, Journal of Food Engineering, 2014, 126, 89-97.

38 S. Buratti, S. Benedetti, M. Scampicchio and E. C. Pangerod, Analytica Chimica Acta,

2004, 525, 133-139.

39 M. Falasconi, M. Pardo, G. Sberveglieri, I. Ricco and A. Bresciani, Sensors and

Actuators B, 2005, 110, 73-80.

40 M. Steinbach, L. Ertoz and V. Kumar, University of Minnesota Supercomputing Institute

Research Report, 2003, 213, 1-33.

41 G. Punj and D. W. Stewart, Journal of Marketing Research, 1983, 20, 134-148.

42 D. F. Keenan, J. Valverde, R. Gormley, F. Butler and N. P. Brunton, LWT - Food

Science and Technology, 2012, 48, 308-315.

23



©CoO~NOUTA,WNPE

489

490

491

492

493

494

495

496

Analytical Methods

43 J. Friedman, Another Approach to Polychotomous Classification, Technical Report.

Department of Statistics, Stanford University, California, 1996.

44 U. Krebel, in Advances in Kernel Methods, ed. B. Scholkopf, C. J. C. Burges and A. J.

Smola, Cambridge, Massachusetts, 1999, pp. 255-268.

45 M. Jalali-Heravi, H. Parastar and H. Ebrahimi-Najafabali, Journal of Chromatography,

2009, 1216, 6088-6097.

46 P. Lozano, D. Delgado, D. Gomez, M. Rubio and J. L. Iborra, Journal of Biochemical

and Biophysical Methods, 2000, 43, 367-378.

24

Page 24 of 41



Page 25 of 41

©CoO~NOUTA,WNPE

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516
517

518

519

520

Analytical Methods

Figure captions

Figure 1: Electronic nose setup for headspace evaluation of saffron.
Figure 2: Voltammetric electronic tongue setup for the evaluation of saffron.

Figure 3: (a) Electrical conductance of TGS 842 sensor towards exposures to seven saffron
samples; (b) Radar plots of the E-nose response to the seven saffron samples (expressed as the
dynamic slope of the conductance).

Figure 4: Scores plot of a PCA analysis for the discrimination of the saffron samples by using
an E-nose system.

Figure 5: Hierarchical Cluster Analysis (HCA) dendrogram of seven saffron samples
measured by E-nose.

Figure 6: (a) Voltammetric responses of Glassy Carbon electrode immersed in solution of
saffron samples; (b) Radar plots of the response of the seven saffron samples by VE-tongue
(expressed as the current change Al).

Figure 7: PCA plot performed on the 7-studied saffron samples measurements gathered using
the VE-tongue.

Figure 8: Hierarchical cluster analysis (HCA) dendrogram of seven saffron samples
measured by VE-tongue.

Figure 9: Total ion chromatograms (TIC) of seven saffron samples originated from three
different countries.

Figure 10: Comparison of the importance of saffron volatile components from the different
area.

Table captions

Table 1: SVM results for the classification of the saffron samples measured by E-nose.
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Table 2 : SVM results for the classification of the saffron samples measured by VE-tongue.
Table 3: Relative amount of main volatile saffron ingredients from GC-MS headspace
analysis.

Table 4: Absorbance values (at 440, 310, 257 nm) and crocin, safranal and picrocrocin
concentrations.

Table 5: Relative quality categories according to the ISO/TS 3632-2 normative of studied

saffron samples.
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Table 1 :
Actual Predicted
ST_16 ST.70 ST 117 ST_148 ST_150 SI SS
ST_16 3 1 2 1 1
ST_70 2 6
ST 117 8
ST 148 2 6
ST_150 8
SI 1 1 3 3
SS 1 7
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Table 2 :

Actual Predicted

ST 16 ST 70 ST 117 ST 148 ST 150 SI

SS

ST_16 8
ST_70 8
ST_117 8
ST_148 8
ST_150 8
SI 8
SS
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Table 3 :
Name Area/ %

ST_16 ST_70 ST_117 ST_148 ST_150 SI SS
Compound 1 69.2 88.5 77.9 88.9 79.3 47 81.4
Compound 2 7.3 2.1 2.4 1.2 3.2 10.9 5.6
Compound 3 5.0 1.1 42 22 6.6 0 0
Compound 4 10.2 4.0 12.4 5.0 7.8 53 5.5
Compound 5 0.8 1.5 1.1 1.2 1.1 1.4 2.4
Compound 6 1.0 0.4 0.1 0.2 0.2 0 0
Compound 7 1.8 0.4 0.2 0.3 0 0 0

Compounds: (1) safranal (2,6,6-trimethyl-1,3-cyclohexadiene-1-carboxaldehyde); (2) acetic acid; (3) 2,6,6-

trimethyl-2-cyclohexene-1,4-dione; (4) isophorone (2-cyclohexen-1-one, 3,5,5-trimethyl-); (5) 2(5H)-furanone;

(6) propanoic acid; (7) butyrolactone.
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Table 4 :
Sample %H E1% E1% E1% ISO Crocin Safranal Picrocrocin
p ° (440nm) (310nm) (257nm) category g/100g mg/100g g/100g

ST_16 9.7 147 33 51 11 13,9 5,3 16,1
ST_70 10.4 124 36 46 I1I 11,7 5,8 14,5
ST_117 7.3 156 38 57 II 14,8 6,1 17,9
ST_148 10.5 166 35 34 IV 15,7 5,6 10,7
ST_150 8.0 113 30 39 1\ 10,7 4,8 12,4

SI 7.3 157 22 34 1\ 14,9 3,5 10,6

SS 13.2 153 23 30 IV 14,5 3,8 9,6
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Table S :
Categories according to ISO/TS 3632-2
Saffron  p1% (440 nm)  EX% (310nm)  EX% (257nm)
Sampl Results of the
ample absorption absorption value  absorption value
category
value of crocin of safranal of picrocrocin
150>147>110 50 >33 2>20 55>51>40
ST 16 Category IlI
(Category III) (Category I) (Category III)
150>124>110 50 >36>20 55>46>40
ST 70 Category III
(Category III) (Category I) (Category III)
190> 156 > 150 50 >38>20 70 >57>55
ST 117 Category II
(Category 1) (Category I) (Category 1I)
190 > 166 > 150 50 >352>20 40 >34>30
ST 148 Category IV
(Category 1) (Category I) (Category IV)
150>113>110 50 >302>20 40>392>30
ST 150 Category IV
(Category III) (Category I) (Category IV)
190 > 157 > 150 50 >34 2>20 40 >34>30
SI Category IV
(Category 1) (Category I) (Category IV)
190 > 153 > 150 50 >302>20 40>30=>30
SS Category IV
(Category 1) (Category I) (Category IV)




