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ABSTRACT

The capability to discriminate perfumes based on their specific aroma profiles is of utmost
relevance for the perfume industry considering that, the identification of more than three aromas
is a very difficult task even for a trained human nose. Currently, no analytical tool can
completely substitute the human nose for aroma evaluation. Also, no analytical system can fully
mimic the human perception, being the recognition of perfume aroma patterns usually carried
out by gas chromatography coupled with olfactometry or sniffing techniques or even by
applying electronic noses, although it still is a difficult analytical task. In this work, the
possibility of applying a potentiometric electronic tongue as an analytical sensors tool for
perfume analysis, was evaluated for the first time. In fact, the perfume aroma pattern will
depend on the composition of the liquid perfume phase and on the diffusion properties of the
volatile components, making the proposed strategy feasible from a theoretical point of view. A
multi-sensor potentiometric device, comprising a set of 40 lipid sensor membranes with cross-
sensitivity, was applied together with chemometric techniques to identify and establish unique
chemical perfume fragrances’ fingerprints for discriminating perfumes according to the target
consumer (men — women perfumes), the perfume olfactory family (Citric-Aromatic, Floral,
Floral-Fruity, Floral-Oriental, Floral-Woody, Woody-Oriental and Woody-Spicy) or the
perfume storage time-period (< 9 months; 9-24 months; and, > 24 months). Linear discriminant
multivariate models were established, based on potentiometric profiles gathered by sub-sets of
sensors selected using the simulated annealing algorithm, and allowed correct classification
rates of 93-100% (for leave-one-out cross-validation procedure). The satisfactory analytical
performance of the electronic tongue demonstrates the versatility of the proposed approach, as
a practical device for preliminary perfume classification, which industrial application may be
foreseen in a near future, contributing to a green-sustained economic growth of the perfume

industry.

Keywords: Perfume olfactory family; Perfume storage time-period; Potentiometric electronic

tongue; Linear discriminant analysis; Simulated annealing algorithm
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RESUMO

A capacidade de discriminar perfumes com base em seus perfis de aromas especificos é de
extrema relevancia para a industria de perfumes, considerando que a identificagdo de mais de
trés aromas é uma tarefa muito dificil, mesmo para um nariz humano treinado. Atualmente,
nenhuma ferramenta analitica pode substituir completamente o nariz humano na avaliacdo do
aroma. Alem disso, nenhum sistema analitico pode imitar completamente a percepg¢do humana,
sendo o reconhecimento de padrdes de aroma de perfume geralmente realizados por
cromatografia em fase gasosa acoplada a técnicas de olfatometria ou cheirar ou mesmo pela
aplicacao de narizes eletronicos, embora ainda seja uma tarefa analitica dificil. Neste trabalho,
a possibilidade de aplicar uma lingua eletrénica potenciométrica como uma ferramenta analitica
de sensores para a analise de perfumes foi avaliada pela primeira vez. De fato, o perfil de aromas
do perfume dependera da composicao da fase liquida do perfume e das propriedades de difusao
dos componentes volateis, viabilizando a estratégia proposta do ponto de vista teérico. Um
dispositivo potenciométrico de multisensores, com um conjunto de 40 membranas lipidicas
com sensibilidade cruzada foi aplicado, em conjunto com técnicas quimiométricas para
identificar e estabelecer perfis tipicos de fragrancias quimicas para discriminacao de perfumes
de acordo com o consumidor-alvo (perfumes masculinos - femininos ), a familia olfativa do
perfume  (citrico-aromético, floral, floral-frutado, floral-oriental, floral-amadeirado,
amadeirado-oriental e amadeirado-especiado) ou o periodo de armazenamento do perfume (<9
meses; 9-24 meses e > 24 meses). Modelos multivariados discriminantes lineares foram
estabelecidos, com base em perfis potenciométricos de subconjuntos de sensores selecionados
usando o algoritmo de recozimento simulado, e permitiram obter taxas de classificacao corretas
de 93 a 100% (para a validagdo cruzada “leave-one-out”). O desempenho analitico satisfatorio
da lingua eletronica demonstra a versatilidade da abordagem proposta, como um dispositivo
pratico para a classificacdo preliminar de perfumes, cuja aplicacdo industrial pode ser prevista
em um futuro préximo, contribuindo para um crescimento econémico sustentado da inddstria

de perfume.

Palavras chave: Familia olfativa de perfumes; periodo de armazenamento de perfume; lingua

eletronica potenciométrica; analise discriminante linear; algoritmo de recozimento simulado
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Objectives

The present work aims, for the first time, to evaluate the possibility of using a potentiometric
electronic tongue (E-tongue) together with linear discriminant analysis (LDA) coupled with the
simulated annealing (SA) variable selection algorithm, as a practical perfume classifier device,
minimizing or even avoiding the need of applying complex hybrid statistical techniques.
Contrary to other research areas (e.g., food science ), in the perfume field, the use of E-tongues
is not common. Only one work reported the use of a voltammetric E-tongue for perfume
evaluation ?1, The study evaluated the performance of the voltammetric E-tongue to detect the
type and concentration of different perfume’s fragrances. On the other hand, E-tongues have
been widely used to assess positive and negative sensory attributes of foods 541, Moreover,
sensor lipid membranes can interact with different polar compounds (e.g., phenolic compounds,
esters, alcohols and aldehydes) via the establishment of electrostatic or hydrophobic
interactions [ and, since some of these chemical families are present in perfumes (as fragrances
and scent ingredients), the possible application of this type of E-tongues may be foreseen. In
fact, it has been reported that lipid bilayer membranes could be effectively applied within a
synthetic sensing system to discriminate odorants and successfully differentiate perfumes by
brand [!. On the other hand, it was shown that a simple technique like ultraviolet-visible (UV-
Vis) spectrophotometry, coupled with multivariate statistical tools, allowed obtaining a
preliminary chemical fingerprint of perfume samples, enabling perfume classification [/,
Therefore, and although the advantages of using an E-tongue could not be obvious, considering
that perfume analysis is usually associated to the olfactory perception of aroma fragrances, its
use can be foreseen. Actually, the analysis of the perfume’ liquid phase, which contains the
chemical compounds responsible for the aroma profile, may be extremely relevant, allowing
gathering complementary but relevant chemical information of the perfumes’ main fragrances
notes as well as their age, i.e., the storage time-period, during which a chemical profile change

IS expected.
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I. Introduction

It is expected that the global market of Fragrances and Perfumes exceeds US$40 billion by 2020
(4, A perfume may comprise from 10 to 100 individual ingredients °I, which are usually
complex mixtures of synthetic or natural (e.g. essential oils) organic compounds (e.g.,
aldehydes, alcohols, lactones, esters and terpene derivatives). So, assessing the perfume
composition, identifying the main aroma family as well as assessing perfume-stability and shelf
life is not a straightforward task [*°1. As most of perfume ingredients are volatile or semi-
volatile, gas chromatography (GC), in combination with mass spectrometry (MS) is, by far, the
most used analytical technique [6l. However, GC-MS does not provide qualitative information
about sensor perception of the aroma molecules . Thus, GC-Olfactometry (GCO) or GC-
sniffing techniques coupled with condensed Phase Fourier-transform infrared (FTIR)
spectroscopy or Time of Flight-MS (ToFMS) may be required [>71, These techniques are time-
consuming, expensive and require skilled technicians, which may be beyond the economic
possibilities of low-medium local perfume companies. Thus, the development of fast, low-cost
and green sensor-based techniques, which may be applied on-line, to monitor in-situ perfume
aroma-fragrance profiles is highly envisaged by the industry. Electronic noses (E-noses) have
been proposed for perfume analysis namely for discriminating original brand perfumes or
recognizing fake counterparts [°l; for identifying simple aromas *°*; for recognizing
unknown fragrance mixtures °; to classify different perfume classes [*”!; as quality control
method of musk samples '“l; for generating analyte-specific fingerprints of odorants [*%); to
differentiate perfumes by brand [**°I; or, for highlight the differences of perfumes according to
the producers, using odorant maps [*°). An E-nose was also applied to detect counterfeit
perfumed cleaner products as well as to quantify the perfume added amount [*°l. Despite the
satisfactory results reported so far, the identification of more than three perfumes remains
difficult for the human nose and for E-nose devices with multiple sensors [*°], To overcome this
problem, complex hybrid multiple statistical classifier methodologies have been proposed [*°)
The present work aims, for the first time, to evaluate the possibility of using a potentiometric
electronic tongue (E-tongue) together with linear discriminant analysis (LDA) coupled with the
simulated annealing (SA) variable selection algorithm, as a practical perfume classifier device,
minimizing or even avoiding the need of applying complex hybrid statistical techniques.
Contrary to other research areas (e.g., food science [)), in the perfume field, the use of E-tongues
is not common. Only one work reported the use of a voltammetric E-tongue for perfume

evaluation [“l, The study evaluated the performance of the voltammetric E-tongue to detect the
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type and concentration of different perfume’s fragrances. The versatility of applying E-tongues
to assess both positive and negative flavor sensations of food matrices have been extensively
evaluated -4, Moreover, sensor lipid membranes can interact with different polar compounds
(e.g., phenolic compounds, esters, alcohols and aldehydes) via the establishment of electrostatic
or hydrophobic interactions I and, since some of these chemical families are present in
perfumes (as fragrances and scent ingredients), the possible application of this type of E-
tongues may be foreseen. In fact, it has been reported that lipid bilayer membranes could be
effectively applied within a synthetic sensing system to discriminate odorants and successfully
differentiate perfumes by brand [l It was also shown that a simple technique like ultraviolet-
visible (UV-Vis) spectrophotometry, coupled with multivariate statistical tools, allowed
obtaining a preliminary chemical fingerprint of perfume samples, enabling perfume
classification [”l. Therefore, and although the advantages of using an E-tongue for perfume
analysis is not obvious, considering that this type of analysis is usually associated to the
olfactory perception of aroma fragrances, its use can be foreseen. Actually, the analysis of the
perfume’ liquid phase, which contains the chemical compounds responsible for the aroma
profile, may be extremely relevant, allowing gathering complementary but relevant chemical
information of the perfumes’ main fragrances notes as well as their age, i.e., the storage time-

period, during which a chemical profile change is expected.

I.1. Perfumes: an overview

A perfume is a complex matrix, being alcohol, water and natural and/or synthetic fragrances
the main components. In more detail, usually a perfume comprises a denatured alcohol, an
undisclosed mixture of several scent chemicals and ingredients used as fragrances, and water.
Other ingredients such as fragrance additives, masking ingredients and scents are also present.
According to the International Fragrance Association (IFRA) ¢l “scent is one of the most
powerful of senses”, being present in the usual daily life, and sometimes may alter the person’s
mood, diminishing or increasing stress, or being used to reduce pain sensation!*’!. Perfumes are
widely used, being incorporated in several cosmetic products, like shampoos, deodorants,
soaps, and fine fragrances; in household products such as laundry detergents, cleaners, and

bleaches (Figurel).
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Fine fragrances | Eau de Cologne, eau de Toilette, eau de Parfum, parfum, ...

_——————
Other products | Shampoo, moisturizing cream, body milk, after-shave lotion...

HOUSEHOLD Cleansers Laundry, dishwashing, home cleaners, floor polish, ...

Air fresheners | Candle, spray, bumner, ...

Figure 1: Examples of products containing perfumes [24]

Perfumes can be classified according to their nature, in natural or synthetic. Natural perfumes
are obtained from plants (e.g., lavender, geranium) or from some of their parts, like flowers
(e.g., jasmine, rose, gardenia), fruits (e.g., lemon, orange, vanilla), roots (e.g., vetiver, cistus,
angelica), leaves (e.g., violet, patchouli, peppermint), wood (e.g., vetiver, sandalwood,
cedarwood), bark (e.g., cinnamon, nutmeg), resin (e.g., benjui, tolu, galbanum), and seeds (e.g.,
angelica, celery, anis). [*°l Also, some perfumes may be obtained from animal glands and
organs, like musk, civet, ambergris and castoreum. These natural perfumes, or essential oils,
are obtained using different extraction methods (e.g., steam distillation, hydro distillation,
solvent extraction, supercritical fluid extraction or manual/mechanical pressing extraction),
which selection depends on the raw material and the chemical fragrances to be extracted [*°l.
Contrary, synthetic perfumes are obtained by mixing synthetic fragrance related chemicals,
which are synthesized in the laboratory, aiming to mimic the aroma of a natural fragrance or to
obtain a new and original scent. This latter type of fragrances has many practical advantages,
namely their low cost compared to natural perfumes. Also, since the amount and quality of the
natural source are often unpredictable, due to their dependence on crop quality or weather,
synthetic perfumes may be an interesting alternative. Nevertheless, synthetic perfumes also
comprise some problems. For example, a natural essential oil is made up by hundreds or
thousands of different compounds, which makes difficult to reproduce the desired perfume
exactly by just mixing a limited number of different synthetic fragrances. Moreover, the final
scent of a natural perfume depends not only of the characteristic odors of the main components
but also the minor or trace components, which may affect considerably the final scent of the
perfume, turning out the development of a synthetic perfume able to mimic the natural one a

challenging and sometimes impossible task. Additionally, if a natural perfume contains
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isomeric forms of a chemical compound, which may possess different aromas, the development
of a similar synthetic perfume would require the use of chiral synthesis.

Perfumes and the pure fragrance chemicals within the perfumes, can be classified
according to the olfactory note they provide, that is, according to the fragrance type. For
example,

- floral, which reminds one of scents like jasmine, rose, heliotrope;

- citrus, which are aromas reminiscent of lemon, orange, lime, grapefruit;

- fruity, based on non-citrus fruity odors like peach, apple, banana;

- green, which creates the sensation of smelling recently cut grass and leaves;

- woody, which reminds one of dry wood and trees;

- oriental, referring to sweet strong fragrances reminiscent of vanilla, ambergris;

- spicy, giving off a redolence coming from clove, cinnamon, thyme, pepper;

- animal, comprising scents provided by musk, civet, and castoreum; and,

- leather, which tries to reproduce the characteristic smell of leather, tobacco and smoke.

The most typical fragrance compounds include a variety of chemical compounds
namely, octadienes, hexyloxyacetonitriles, cyclopentanederivatives, a-0xo (0xo0) sulfides,
aliphatic dibasic acid diesters, 3-(10-undecenyloxy) propionitrile, tricyclodecane-methylol
derivatives,2-methyl-2-alkyl-alkanoic esters, trimethylcyclonexylethylethers, cyanoethylidene-
bicyclo-heptenes, crotonyl-trimethylcyclohexanes, nonanols, nonenols, «a-0X0 (0X0)
mercaptanes, safranic acid esters and maltyl-2-methyl alkenoates [“*!. Examples of some of these
compounds, which are commonly used in the industry, are shown in Table 1.

Commercial fragrances usually contain 22% (not always) of fragrance oils with alcohol,
dye solutions, water and propylene glycol with extenders, fixers and stabilizers [??. Several base
fragrance oils are formulated to generate specific olfactory effects in the final fragrance. As
mentioned, fragrances or perfumes consist of a combination of numerous ingredients including
basic odor botanical or animal derived compounds.

The olfactory families allow individual perfumes to be classified according to their key
olfactory characteristics. They are created either by grouping together raw materials such as
flowers, woods, aromatics or citrus fruits, or by taking inspiration from traditional accords (e.qg.,

oriental or chypre).

Table 1: Examples of different natural and synthetic fragrances of perfume commonly

used in the industry 2%
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Fragances compounds Formula Chemical composition
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Table 1 continued.

The families can be classified as feminine, masculine or unisex, which may be further grouped

according to the olfactory family as citrus, floral, aromatic, woody, oriental, or chypre.

Chypre: this family includes a blend of bergamot, rose, jasmine, oak moss, patchouli and Cistus

Labdanum.

Floral: this category comprises two main groups, the sweet florals (e.g., jasmine, ylang-ylang,

tuberose) and fresh florals (e.g., lily of the valley, lilac, freesia).

Citrus: this olfactory family includes scents from citrus.

Oriental: this category includes notes associated with sensual and warm sensations. It includes
sweet base notes like vanilla, patchouli, ambery and powdery notes as well as spicy, animal

ones.

Aromatic: this family includes blends of lavender, geranium, oak moss, vetiver, coumarin,

being usually associated with very masculine scents with fresh, sweet and aromatic notes.
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Woody: woody notes can be split into six subcategories: dry, humid, mossy, ambery, smoky,
resinous, milky. These notes are related to elegance, warmth and character, particularly

represented by cedar, vetiver, sandalwood and birch [#7],

Leather: leathery notes came from the master glove and fragrance makers in Grasse. These
smoky notes were created by infusing scraps of tanned leather with burnt birch bark. Animal

notes (ambergris, civet, castoreum and musk) were included more recently.

1.2. Analytical techniques and their application for perfume analysis

As already pointed out, perfume is a very complex chemical matrix, which may comprise
several chemical compounds. Depending on the final use a contemporary perfume may
comprise between 10 to over 100 individual perfumery raw materials (e.g., home-care products,
personal-care perfumes or fine fragrances) [**l. Nevertheless, perfumes are high economic
revenue products (approximately 95% profit) and so very prone to counterfeit, which may lead
to the introduction in the market of low-quality products that may even pose serious health
safety problems to unaware or less informed consumers. Indeed, due to the nature of perfumes
use (i.e., leave-on cosmetics) there is a high potential of human exposure, which requires the
correctness of the ingredient labelling to avoid skin reaction or other adverse effects [“°l. For
example, the European legislation requires monitoring 27 volatile compounds (VOCs) used in
perfumery as they might elicit skin sensitization, i.e., the so-called potentially allergenic
fragrance-related substances (PAS) or fragrance allergens, musks (despite their pleasant aroma
they are considered persistent pollutants) and phthalates (used as denaturants, fixatives or
solvents for some fragrances and as film formers, have been proven to be harmful to living

organisms), which use is legally restricted or forbidden for cosmetic purposes 241025,

To accomplish these key tasks, among others, gas chromatography (GC) in combination with
mass spectrometry (GC-MS) together with suitable extraction or thermal desorption
methodologies are used [®l. Since GC-MS does not provide qualitative information about

sensory perception of the aroma molecules [©1.

usually a GC-Olfactometry (GCO) or GC-sniffing technique are needed, allowing improving
the performance of GC-MS systems in terms of odor analysis [*°!. Since, odors are detectable
by the human nose at very low concentrations (low ppt), to minimize the risk of cases of odour
detected by the nose without a spectral signal, the use of Time of Flight-Mass Spectrometer

(ToFMS) to detect molecular traces may be envisaged. Linking the molecular information
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provided by GC-ToFMS with the perceived intensity and odour description by the sniffing
technique, may allow detailed understanding of the key odour impact molecules present in the

perfume.

Perfumes were also analyzed by the HPLC, For the determination of the concentrations of 25
fragrance allergens in perfumes products containing fragrances are widely used and are in
direct contact with human skin, because Certain ingredients present in perfumes may contain
compounds that are responsible for cosmetic-related allergic contact dermatitis(allergens),and
legal restrictions imposed by the European Commission Scientific Committee on Cosmetics
and Other Non-food Products (SCCNFP) limit the use of 24 fragrance agents suspected of
producing cutaneous contact Allergy [?”!. The analyzes were made to assess the risk for dermal
exposure based on a “worst-case scenario” related to 107 perfumes, to examine the human
health risk of skin exposure to a fragrance present in consumer products on the Korean market
128,29:301 "1n conclusion, according to the results obtained from HPLC perfume analysis, the
ingredients of the perfumes evaluated were shown to pose no apparent significant health risk at
the maximum concentration used, except for lilial, HICC, citral, isoeugenol, and methyl2-
octynoate. This risk assessment approach is recommended to be used to establish improved
guidelines for specific ingredients in consumer products, and for setting limits for newly
developed raw ingredients that might pose potential dermal hazards [°* 2 anc 331,

Other analytical techniques like E-noses, voltammetry, E-tongues and UV/Vis
spectrophotometry, which are recognized as more cost-effective, fast and use-friendly, have

also been applied, although the latter two in a less extent, for perfume analysis.

1.2.1. UV/Vis Spectrophotometry

The UV/Vis spectrophotometer used in this work was a dual-beam apparatus, which is with the
double-beam UV-Vis spectrophotometer, you can measure the both groups simultaneously. So
that the double beam UV-Vis spectrophotometer is more accurate, because you don’t need to
recalibrate the instrument, before you measure the second sample #4],

Double Beam: There are two light sources, two cuvettes and two detectors. It has not only the
excellent performance, but also the price is economic, which is a cost-effective instrument for
most of the industries and research organizations [*°1,

The following studies are examples of perfume analysis using UV/Vis spectrophotometry
technic :The UV spectrophotometry is a promising analytical tool to be used as alternative to
other instrumental methods already available in research laboratories, since this technique has
been used with efficiency to classify, identify and distinguish original products from fake copies




Application of electrochemical sensors as an alternative tool for perfume evaluation Amira Jarboui

(36371 The traditional treatment of data did not lead to a conclusive evaluation, due to the
complexity of qualitative interpretation of UV spectra, but with the statistical chemometric

techniques it was possible to draw interesting conclusions %>,

This study focuses on perfumes classification, by highlighting the use of UV spectrophotometry
as a rapid and low-cost technique, using the applicability of statistical chemometric techniques
such as PCA, SIMCA and LDA.

1.2.2. GC Olfactometry

A breakthrough in aroma research was achieved with by combining olfactometry and gas
chromatography (GC-O), a new technique that associates the resolution power of capillary GC
with the selectivity and sensitivity of the human nose [*°. As alternatives to the GC-O technique,
two types of equipment based on electronic sensors are increasingly being employed. The first
performs an aroma analysis (volatile compounds) of the gas phase, without separating the aroma
into individual components. The second allows is to determine components with low and
medium volatility, which are dissolved in a liquid phase. Both types of equipment consist of
arrays of non-selective gas or liquid sensors and, coupled with appropriate pattern recognition
tools, can identify simple or complex aroma or taste profiles [, These devices are usually
quick-acting, easy to operate and, in some cases do not require any complex sample pre-
treatment [*'1. This combination (instrumental and olfaction) allows the method to be treated as
artificial olfaction. Otherwise, there is many factors which can influence the correct detection
and assessment of odor compounds when GC-O is used, namely the extraction procedure, the
method of data collection and separation capability of the GC column [*? The GC-O technique
uses the human nose as a detection device, generally, thus permits rapid identification of so-
called odorant zones in a chromatogram. An analysis using the human sense of smell is carried
out by trained technicians or a group of evaluating persons (panelists) who in the course of the
assay, sniff the eluate from the column and relate the aromatic impressions to the retention
times. A critical comparison between GC-O methodologies may be found in the literature “°],
Despite the commonly use of GC-O, further researches still being conducted in order to improve
its capability, to achieve a higher sensitivity and better repeatability of the results. Simultaneous
detection is achieved by splitting the eluent stream at an appropriate ratio, so, that it reaches
both detectors. The most favorable is the simultaneous use of an olfactometric detector and

mass spectrometer. Such an approach allows for both the description of odors and an
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identification of the compounds responsible for them, followed by a determination of which of
them is characterized by the most intense aroma.

Olfactory port
Inlet

A

Capillary column - <

Heated oven

MW BN |

Instrumental detector
Figure 2: Schematic of GC-O analysis [

1.2.3. E-nose

The e-nose has many synonymes: artificial nose, mechanical nose, odour sensor, flavour sensor,
aroma sensor, odor-sensing system, multi-sensor array technology and electronic olfactometry,
and Depending on the type of analytes, electronic nose (e-nose) and electronic tongue (e-
tongue) instruments are usually used [*°!.  Additionally, the e-nose is an instrument that aims
mimicking the sense of smell. Traditionally, the human nose is used to evaluate quality
parameters of different food matrices as well as of perfumes. However, this suffers from several
drawbacks. For example, discrepancies can occur due to human fatigue or stress and clearly
cannot be used for online measurements [“61. Thus the development of alternative methods is
highly desirable the Electronic noses (E-noses) have been proposed for perfume analysis
namely for discriminating original brand perfumes or recognizing fake counterparts 47 “¢l; for
identifying simple odors [*° I; for recognition of unknown fragrance mixtures [*> %I; as quality
control method of musk samples [*4I; or for generating analyte-specific fingerprints of odorants
(151, Despite the satisfactory results reported so far, the identification of more than three
perfumes remains difficult for the human nose and for E-nose devices with multiple sensors 2],
To overcome this problem, complex hybrid multiple statistical classifier methodologies have
been proposed 2,

1.2.4. E-tongue

The electronic tongue presents a novel, smart sensing system developed for the analysis of
liquids and it is controlled by a computer which is an instrument that measures and may
compare different tastes. there is a Chemical compound responsible for different tastes which

are detected by human taste receptors, and the chemical sensors comprised on the e-tongue may

10
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also detect the same dissolved organic and inorganic compounds. Like human receptors, each
sensor has a spectrum of reactions different from the other. The information acquired by each
sensor is complementary and the combination of all sensors’ profiles generates a unique
fingerprint of a liquid matrix. Most of the detection thresholds of sensors are similar to or better
than those of human receptors. In the biological mechanism, taste signals are transduced by
nerves in the brain into electric signals and the E-tongue present a similar sensors process: they
generate electric signals as potentiometric variations. Taste quality perception and recognition
is based on building or recognition of activated sensory nerve patterns by the brain and on the
taste fingerprint of the product. Despite the great advances of the (bio)electrochemical
technologies, sensor arrays/E-tongue and aptasensor devices that are recognized as promising
tools for medical and pharmaceutical applications, there are still relevant challenges in the
design and applications of electrochemical sensors in order to meet the demands of modern
health care. Indeed, there is an urgent need to take advantage of the unique capabilities of these
sensors, such as low-cost, miniaturization, portability, and short response times minimum, or
no sample pretreatment, and wide applicability, already demonstrated at research level, in real-
world applications.

Multisensory chemical arrays and aptasensors, are generally electrochemical-based sensor
devices, such as; potentiometric, voltammetry, and impedance spectroscopy.

[1Electronic tongues based on voltammetry (VET) have been intensively investigated in recent
years due to their high sensitivity and high signal-to-noise ratio.

A setoff potential pulses is applied to different metallic electrodes and the resulting current is
sampled; the current data are then processed using multivariate analysis tools. Analyses of food
stuff 1161, water quality !, wines ¢! and urine for disease detection [°! and sensing of explosive
material [66] are some of the applications of this type of electronic tongue.

[1E-tongue based on potentiometric sensors they generate electric signals as potentiometric
variations, Taste quality perception and recognition is based on building or recognition of
activated sensory nerve patterns by the brain and on the taste fingerprint of the product. This
step is achieved by the e-tongue’s statistical software which interprets the sensor data into taste
patterns. in this case, Liquid samples are directly analyzed without any preparation.in fact, in
this work the analysis of perfume was done with this type of electronic tongue.

In this work, it will be analyzed, for the first time, perfumes with a potentiometric electronic
tongue %, which has already been successfully used to analyze foods, like honey, milk, olive

oil mineral waters and soft drinks. The use of the Electronic tongue can help to classify perfume

11
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according the aroma. The aroma pattern will depend on the composition of the liquid phase and
on the diffusion properties of their volatile components, a novel smart electronic tongue
classifier will be developed for recognizing the type of perfume and follow the maturation
process, aiming establishing perfumes’ olfactory-gustatory unique fingerprints through chemo
metric tools

12
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I1. Materials and methods

11.1. Samples

Perfume samples were supplied by NORTEMPRESA Perfume Lab in (Braga, Portugal). In
total, 33 independent samples were collected, being 18 women perfumes and the other 15 men
perfumes, which main details are given in Table 2. According to the label information and
based on the olfactory pyramid data perfumes were grouped into 7 different main
aroma/olfactory families. Women perfumes were classified as Floral (5 perfumes), Floral-
Fruity (5 perfumes), Floral-Oriental (5 perfumes) and Floral-Woody (3 perfumes), Men
perfumes were grouped into 4 aroma families, being one of them common to the women
perfumes, namely Citric-Aromatic (3 perfumes), Floral-Woody (4 perfumes), Woody-Oriental
(4 perfumes) and Woody-Spicy (4 perfumes). The perfumes were from different production
lots and had different storage time-periods (ranging from 6 to more than 24 months), being
grouped into 3 main classes: 6 to 9 months, 9 to 24 months and more than 24 months. According
to the label information and data from the perfume company, all perfume samples contained
denatured alcohol (a mixture of ethanol with a denaturing agent) that has antimicrobial, masking
and viscosity controlling functions; parfum, meaning an undisclosed mixture of several scent
chemicals and ingredients used as fragrances); aqua (i.e., water); and, propylene glycol, an
organic alcohol used as a skin conditioning agent, fragrance and humectant, allowing
controlling the final viscosity of the perfume. Besides, the samples could contain a mixture of
other ingredients, in different proportions, which could include fragrance additive and masking
ingredients (e.g., hydroxyisohexyl 3-cyclohexene carboxaldehyde that has a delicate sweet,
light, floral aroma; Evernia prunastri that is an extract of the oakmoss; benzyl salicylate that is
a salicylic acid benzyl ester; among others) and scents (e.g., limonene that has a fresh and sweet
citrus aroma; coumarin that is an aromatic organic chemical compound, used as a sweet, vanilla,
nutty scent; geraniol, a monoterpenoid and alcohol, which is a natural scent ingredient;
butylphenyl methylpropional, an aromatic aldehyde, which is a synthetic fragrance with a

strong floral scent; among others).

Table 2. Perfume samples details (label information: sample code, type, olfactory pyramid

notes, ar