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Abstract: “Seta e Ciliegin” and “Narguilé” fragrances were mixed to form a binary blend with chemi-
cally stable, non-volatile, odourless, simple bases of different lipophilicity widely used in skin care
and hair care formulations, such as caprylic-capric triglyceride, glycerine, paraffin, dimethicone,
isopropyl myristate and butylene glycol, with the objective to verify how the olfactory performance
of fragrances can be influenced by skin or hair care ingredients. The semiquantitative approach
applied in this study aims in providing a practical solution to appropriately combine a fragrance with
cosmetic ingredients. Pure fragrance and binary blends were analysed by solid phase microextraction
gas chromatography tandem mass spectrometry (SPME-GC/MS), based on the assumption that the
solid phase microextraction is able to extract volatile compounds, mimicking the ability of the nose
to capture similar volatile compounds. Fifty-seven and forty-four compounds were identified by
SPME-GC/MS in pure fragrances “Seta e Ciliegia” and “Narguilé”, respectively. Once mixed with
the bases, the analysis of the blends revealed that a qualitative modification in the chromatograms
could occur according to the characteristics of the bases. In general, for both fragrances, blends with
glycerin and butylene glycol, which are the most hydrophilic bases among the ones tested, were
able to release most of the peaks, that were thus still present in the chromatograms. Differently,
in the blends with caprylic-capric triglyceride, most of the peaks are lost. Blends with paraffine,
dimethicone and isopropyl myristate showed an intermediate behaviour. These results were thus
compared with the sensory evaluation made by an experienced perfumer, capable of assessing the
different olfactory performances of pure fragrances and their different binary blends. The evaluation
made by the perfumer fitted well with the analytical results, and in the blends where most of the
peaks were revealed in the chromatogram, the perfumer found a similar olfactory profile for example
with glycerin, butylene glycol, while a modification of the olfactory profile was highlighted when
several peaks were not still present in the chromatogram, as it was the case with caprylic-capric
triglyceride. Interestingly, when the most typical peaks of a fragrance were still observed in the blend,
even if some of them were lost, the olfactory performance was not lost, as was the case of paraffin
and isopropyl myristate. In the case of dimethicone, its high volatility was considered responsible
for a certain decrease in the fragrance “volume”. The results achieved with this investigation can
be used to hypothesize that the different compounds of a fragrance, characterized for the first time
by different volatility and solubility, could be differently retained by the bases: the more lipophilic
are strongly retained by the lipophilic bases with a consequently reduced volatility that limits the
possibility of being appreciated by the nose and that corresponds to disappearance or a percentage
reduction from the chromatogram. Therefore, in a more accurate and helpful view for a formulator,
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we could come to the conclusion that based on the results achieved by our investigation, the inclusion
of a less lipophilic base can be more appropriate to exalt more lipophilic fragrances.

Keywords: fragrances; olfactory performance; SPME/GC-MS; perfumer; formulation

1. Introduction

Fragrances are volatile organic compounds with characteristic odours. They can be
made up of very complex mixtures or individual chemicals [1]. They have been used for
thousands of years for beneficial purposes, for physical and mental health. Nowadays,
the importance of the sense of smell in the human species does not only relate to food,
hygiene or beauty, but also plays a significant role in lived experiences [2]. An odour has
the sensational ability to evoke a past experience that is dormant in our minds with extreme
clarity, allowing us to materialise our memories, travel through time and bring back the
moment when that particular scent struck us [3,4].

Each fragrance is composed of different odorous compounds that form together a
typical scent characterized by an olfactory pyramid [5]. The concept of the olfactory
pyramid, coined by Aimé Guerlain in 1889 who applied this concept during the creation
of his fragrances, is the classification of the olfactory notes that make up a fragrance.
Each fragrance is subdivided according to its constituent notes’ volatility, intensity and
persistence. The olfactory pyramid well represents these characteristics by dividing the
notes in top, heart and base notes. The top notes are those which are picked up initially
and are fresh and not very persistent. These constitute the most volatile part and indicate
the first impression of a fragrance. The most common top notes are citrus notes such as
lemon, orange, bergamot and marine [5]. After a few minutes, the heart notes begin to
be perceived. These form the structure of the fragrance, usually making up 40-80% of
the blend and giving both body and continuity to the top notes. The heart notes can be
fruity (peach) or floral (rose, violet, jasmine). Finally, we have the base notes, which are
singled out last because they evaporate more slowly and, thanks to their long permanence,
characterise the fragrance. The base notes are woody (cedar, sandalwood, patchouli) [6,7],
spicy (pepper and cinnamon), musky, ambery (balsam of Peru, amber, benzoin) gourmand
(caramel, coffee, cocoa) or leathery.

A fragrance must have specific molecular properties to provoke sensory reactions [8,9].
It must have a certain degree of lipophilicity, a high vapour pressure to be transmitted
to the olfactory system, a certain solubility in water to penetrate the mucus layer and it
must be at a sufficient concentration to interact with the various olfactory receptors specific
to each odour and thus provoke membrane depolarisation and the activation of action
potentials [10]. The fragrance within any product must be stable and long-lasting to increase
consumer appeal. Marketing companies have realised that fragrance is a key element as
it influences both the purchase and consumer approval of the product [11]. However, the
main ingredients of fragrances are labile and volatile. In fact, even one note may change
during formulation: an example is the oxidation of limonene at room temperature.

The present study originates from the observation made in our laboratories where we
found that the olfactory performance of a fragrance, inserted into a cosmetic product for
“skin care” or “hair care”, is strongly influenced by the characteristics of the cosmetic for-
mulation in which the fragrance is mixed. By doing this study, we tried to find a reasonable
answer to this observation. If we look at a fragrance on its own, it is made up of a highly
complex mix of different odorous compounds. When a fragrance is used in a cosmetic
formulation, it may contain compounds such as solvents, emollients and active ingredients,
with different properties and activities that could change the “olfactory performance” of the
fragrance. Some compounds are odourless, while some others may also possess unpleasant
odours (for example, surfactants or some active ingredient) or characteristics odour, that
the formulator tries to mask with the fragrance. A part from incompatibility issues (well
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known in the cosmetic and perfumer fragrance practises), that can lead with time to the
modification of the odour, colour, and density of the cosmetic products, it can frequently
occur that the olfactory performance of one fragrance can remain unmodified, or strongly
change according to the formulation in which it is added. This phenomenon has been
frequently observed in our laboratories, with the consequence that a selected fragrance
that perfectly matched the design of the formulation cannot be used because once added
into the formulation, it completely changed. The capacity of a single fragrance to keep all
of its original qualities even after being included in a cosmetic product has been called
“olfactory performance” in this study. Consequently, based on what we observed in our
laboratory, we developed our working hypothesis from a formulator’s perspective. We
demonstrated why the cosmetic formulation, which is made up of ingredients that can
be either lipophilic or hydrophilic, has the potential to change the “volatility” of the fra-
grance, which is a complex mix of many different molecules, and therefore its ability to be
“released” from the formulation and express itself olfactorily. To verify our hypothesis, we
decided to choose two different fragrances “Seta e Ciliegia” and “Narguilé”, and mix each of
them with chemically stable, non-volatile, odourless, simple bases of different lipophilicity
widely used in skin care and hair care formulations, such as isopropyl myristate, paraffin,
caprylic-capric triglyceride, dimethicone, butylene glycol and glycerine. Pure fragrances
and binary blends were then analysed, after solid-phase microextraction (SPME), by gas
chromatography-tandem mass spectrometry (GC-MS). The SPME was chosen because it
can “mimic” what happens when the different components of a fragrance, according to
their different volatilities, are released to hit the olfactory centres [12,13]. The peaks of the
different chromatograms, combined with the mass fragmentations, made it possible to
identify the different components of the fragrance. These components are precisely those
that make up the fragrance and characterise it from an olfactory point of view. By direct
comparison of the chromatograms of the pure fragrance with those of the blends, it was
possible to observe that some peaks present in the chromatogram of the pure fragrance
were no longer present in the binary blends. We then tried to explain these results in light
of the volatility and solubility of the components. The data collected in this work can help
us to deduce that the different components of the fragrance, characterised by different
volatility and solubility, could be differently retained by the bases. We then compared the
results of the SPME/GC-MS analysis with the sensory evaluation made by an experienced
perfumer, capable of assessing the different olfactory performance of the pure fragrance and
that when inserted in the different bases during the preparation of a cosmetic formulation.

2. Materials and Methods
2.1. Materials

Fragrances “Seta e Ciliegia” (SC) and “Narguilé” (N) were kindly provided by Muller & Koster
(Milan, Italy). The following cosmetic bases were used: dimethicone (DMT) (Acesil 350),
glycerine (GLY), paraffin (PFF), tricaprylate caprate (TCC), isopropyl myristate (IPM) and
butylene glycol (BGLY), all supplied by ACEF SpA (Piacenza, Italy).

2.2. Solid-Phase Microextraction Tandem Mass Gas Chromatography (SPME/GC-MS)

Pure fragrances and bases, and binary blends were analysed by SPME/GC-MS. Binary
blends of each fragrance with one base per time were prepared by mixing 1 g of each
cosmetic base and 0.1 g of fragrance. The blending was assured by gently mixing the
two ingredients with a glass rod in a glass vial. For the analysis, 0.2 g of each binary
mix was placed in a stopped glass vial conditioned at 30 °C in the water bath for 15 min.
The solid-phase microextraction (SPME) was performed by using a 65 pm blue divinyl-
benzene/polydimethylsiloxane (DVB/PDMS) fiber (SUPELCO, Bellafonte, Italy) that was
exposed to the headspace above the sample blend for 2 min at 30 °C on a water bath. In
addition, the empty capped vial was used as the blank control.

Samples were analysed on an Agilent 6890 Network (Milan, Italy) gas chromato-
graph (GC) with an Agilent 5977B mass selective detector (MS). The column used was
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a 30m x 0.25 mm, 0.25 um film thickness HP5-MS. Helium was the carrier gas, flow-
controlled at 1.0 mL/min. The analytes were desorbed in the injection port of the GC using
an inlet temperature set at 250 °C in the split mode in a 10:1 ratio. The GC analysis began
with an initial oven temperature of 40 °C for 5 min, followed by a ramp of 25 °C/min
to 300 °C, and ending with a 0.5 min hold. The single quadrupole mass analyser was
operated in electron ionization (EI) mode and scanned over a mass range of m/z 50-550 in
full scan mode.

The identification of the volatile components was performed by comparing their
mass spectra with the retention times (RT) listed in the NIST05 (The National Institute
of Standards and Technology, NIST, 2008, U.S. Department of Commerce. US) library.
The chromatograms were analysed using MSD ChemStation software (Agilent version
G1701DA D.01.00).

The compounds were confirmed by comparing their retention indices (RI) calculated
by the use of a series of n-alkane standards (C6-C19) (Accu. Standard, New Haven, CT,
USA) with related literature data (National Institute of Standards and Technology, 2011).
The relative content of each compound was determined by using a peak normalization
procedure based on the total ion flow chromatogram.

Only peaks with an area % >0.01 are considered and the analyses were carried out
comparing relative peak areas.

2.3. Olfactory Evaluation by the Experienced Perfumer

An experienced perfumer assessed how the fragrance is perceived in different blends.
The evaluation was conducted by comparing two mouillettes (fragrance papers) one soaked
with the pure fragrance oil and the other with the one blend per time. The evaluation
was carried out in an environment with no external stimuli and white walls, because the
sight of a certain colour or object can lead to emotions that unconsciously give an incorrect
olfactory evaluation. The evaluation was carried out at room temperature, ranging between
18 and —20 °C, using air conditioning if necessary to reach the right temperature, before
the evaluation. In this way, we avoided higher and lower temperatures that could cause
important smelling deviations from the standard olfactive profile of the fragrance. The
olfactive evaluation was performed in the early morning, before breakfast time, thus
avoiding stress stimuli coming from everyday life. Our nose, like our body, becomes tired
during the day and undergoes a physiological drop in performance. Early morning is the
right time to perform this kind of analysis; a rested nose could smell olfactive nuances,
hardly noticeable after a few hours of normal daily activity. Following the mouillettes
assessment, the olfactory evaluation was also performed, inhaling the sample directly from
the bottle and confirming, in most instances, the mouillettes impression.

3. Results
3.1. Seta e Ciliegia
SPME/GC-MS of “Seta e Ciliegia” Fragrance

Figure 1 shows the total ion chromatogram (TIC) for the pure fragrance “Seta e Ciliegia”.
Table 1 reports the fifty-seven compounds that were detected, together with their retention
time (RT) and relative peak areas (%).
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Figure 1. Total ion chromatogram for the pure fragrance “Seta e Ciliegia”.

Table 1. Retention time (RT) and relative peak areas (%) of the analytes in the pure fragrance “Seta e
Ciliegia” and its blends with cosmetic bases.

Relative Peak Area
(%)

Seta e
Fragrance)  T1C DMT BGLY
ethyl acetate 2.23 0.65 1.89 0.39 1.07 0.73 1.8 0.77
butyric acid 2-methyl 6.90 2.15 1.05 1.78 0.73 0.59 117

ethyl ester

Seﬁ‘;ﬁi’gil 8.89 2.22 483 1.03 493 3.94 457 0.23
a-pinene 9.48 145 0.50 1.01 0.14 0.27 0.26 1.60
ehtyl 2-methylpentanoate 9.73 0.23 0.10 0.21 0.07 0.07 0.06 0.15
beta-pinene 10.87 2.50 0.88 1.99 0.28 0.57 0.47 2.92
beta-myrcene 114 0.03 0.02 0.03
Cyd‘;f’('i‘_ti‘;ﬁ'y?’le‘iﬁ;ghyl 1147 0.07 0.05 0.08
3-hexenel-1-0l, acetate, (z) ~ 11.94 475 441 4.99 3.81 3.65 3.70 423
hexyl acetate 12.13 0.39 0.22 0.42 0.19 0.20 0.18 0.31
4-hexenel-1-0l, acetate 12.26 0.01 0.02 0.01
p-cymene 12.44 3.47 7.37 1.63 6.75 5.71 9.56 1.45

D-limonene 12.57 0.26 0.07 0.22 0.08 0.11 0.07 0.24
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Table 1. Cont.

Relative Peak Area
(%)

Seta e
Fragrance) TTC DMT BGLY
eucalyptol 12.65 0.05 0.05
dipropylene glycol (s, p) 13.03 1.74 5.36 0.39 473 3.89 7.29 0.02
dipropylene glycol (p, p) 13.20 1.22 3.55 0.38 341 2.71 495 0.01
isoamyl butyrate 13.49 0.10 0.04 0.10 0.05 0.04 0.03 0.08
Y-terpinene 13.54 0.16 0.03 0.14 0.03 0.19
dihydromyrcenol 14 6.36 8.30 9.00 11.24 10.23 7.16 2.06
ligustral 14.17 0.52 0.25 0.57 0.27 0.35 0.21 0.19
allyl hexanoate 14.30 0.71 0.34 0.74 0.31 0.37 0.26 0.61
isoterpinolene 14.47 0.02 0.02
tetrahydrolinalool 14.78 0.04 0.07 0.03 0.03
3,4-Dimethyl-3-
cyclohexene-1- 15.03 1.02 0.54 1.14 0.58 0.77 0.46 0.24
carboxaldehyde
dihydrocitronellal 15.49 0.04 0.05
verdone 16.09 0.09 0.10 0.04 0.03
hexyl isobutyrate 16.33 0.44 0.14 0.43 0.11 0.15 0.10 0.43
citronellal 16.46 0.02 0.02
if’lg:}‘fytﬁ‘f:;yz2eig 16.86 0.28 0.28 0.04 0.07 0.03 0.26
ethyl linalool 17.33 4.34 2.95 5.92 6.11 5.61 243 1.77
p-methylbenzyl acetate 17.71 11.47 9.91 13.45 14.94 14.2 10.12 7.27
decanal 18.00 0.31 0.40 0.17 0.21 0.07 0.03
2'4'6'3;;22??'1'3‘ 18.20 0.04 0.10 0.12 0.08 0.03
1,2,3-benzothiadiazole 18.51 0.05 0.06 0.03 0.03 0.01
a-linalool 18.89 0.03 0.03 0.01
linalyl acetate 19.46 7.52 3.79 7.34 4.17 4.70 3.30 8.32
p-menthan-7-ol, trans- 19.62 0.12 0.25 0.26 0.19 0.04
3,3-dimethyl-1-(6-
methyl-tetrahydropyran- 19.75 0.62 0.30 1.05 1.07 0.78 0.24 0.12
2-yl)-butan-2-one
carane 19.9 0.40 0.13 0.70 0.70 0.49 0.17 0.10
verdox 20.61 24.98 23.99 24.35 16.78 21.09 21.90 32.06
10-undecenal 20.65 0.06 0.03 0.02
c;zzc%o(;;?i;};}ihloie 20.94 0.15 0.14 0.02 0.04 0.01 0.1
vertenex 21.09 6.71 3.64 6.55 294 4.09 3.25 6.91
dimethylbenzylearbinyl 21.22 453 225 4.80 354 3.69 245 3.49

acetate
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Table 1. Cont.

Relative Peak Area

(%)
Seta e
Analyte RT Ciliegia lil;tr;ld Blend Blend ]il;gld Blend ]i},:;ld
(min) (Pure TTC with GLY with PFF DMT with IPM BGLY
Fragrance)
piperonal 21.56 0.22 0.19 0.30 0.24 0.05
fumaric acid, 21.62 0.61 0.13 0.82 0.62 0.44 0.17 0.04
dimyrthenyl ester
1H-inden-1-one, 2,3-
dihydro-3,4,7-trimethyl- 22.24 0.07 0.07 0.01 0.05
neryl acetate 22.37 0.39 0.03 0.41 0.16 0.15 0.03 0.26
«-damascone 22.67 0.51 0.05 0.57 0.19 0.24 0.05 0.24
geranyl acetate 22.87 0.55 0.05 0.58 0.27 0.23 0.05 0.41
allyl 23.91 0.10 0.12 0.01 0.02
cyclohexanepropionate
trans-f-lonone 25.50 0.70 0.05 0.93 0.67 0.36 0.05 0.17
butanoic acid, 1,1, -
dimethyl-2- 25.61 0.96 0.18 1.05 0.72 0.53 0.19 0.82
phenylethyl ester
2-phenoxyethyl 26.24 0.06 0.08 0.10 0.04 0.02
isobutyrate
amberonne (isomer 2) 29.71 0.24 0.30 0.13 0.05 0.11
amberonne (isomer 3) 29.83 0.04 0.04 0.01
hexyl salicylate 29.93 0.08 0.09 0.02 0.01 0.40

The pure bases chromatograms are characterized by the almost total absence of ions,
confirming the absence of flavoured compounds that would interfere with the character-
ization of the blends, if no exception is made for the dimethicone with the presence of
3 different ions with retention times (RT) of 6.11, 11.76, and 16.61 min, that correspond to
hexamethyl cyclotrisiloxane, octamethyl cyclotrisiloxane and decamethyl cyclotetrasilox-
ane (all slightly volatile colourless and odourless liquids), respectively. For the paraffin,
the ion at RT 16.60 min corresponded to 1-octanol; for isopropyl myristate, the ion at RT
of 32.44 min corresponded to the isopropyl myristate, a yellow oily and odourless liquid,
insoluble in water; for the butylene glycol with a large band at 7.61 min, corresponding
to the butylene glycol, a colourless, water-soluble liquid, practically odourless. Based on
these results, we may conclude that these bases should not affect olfactory performance.

Then, the binary blends were analysed (Table 1). By comparing the blend’s chro-
matogram to that of pure fragrance, we saw that the TTC blend had the most “loss of compo-
nents” compared to the other blends. Here we want to specify that for “loss of compounds”
we intend that these compounds are not appreciable anymore in the chromatogram or
the corresponding peak is under its limit of detection. Among the compounds lost in
the TTC blend there are dimethyl silanediol; 3-myrcene; 1,3-dimethyl-2-(1-methylethyl)-
cyclopentene; 4-hexen-1-ol, acetate; eucalyptol; isoterpinolene; tetrahydrolinalool; di-
ihydrocitronellal; verdone; citronellal; 6,6,-dimethoxy-2,5,5-trimethyl-2-hexene; decanal;
2,4,6-trimethyl-1,3-dioxane; 1,2,3-benzothiadiazole; a-linalool; p-menthan-7-ol, trans; 10-
undecenal; 2,4-dimethyl-1,3-cyclopentanedione; piperonal; 1H-inden-1-one, 2,3-dihydro-
3,4,7-trimethyl-; allyl cyclohexanepropionate; 2-phenoxyethyl isobutyrate; amberonne
(isomer 2); amberonne (isomer 3) and hexyl salicylate. For many other compounds we
could assess a certain different on the relative area % of the peak in the blend, with the
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peak in the chromatogram of the pure fragrance. We must consider that this study does
not intend to provide a quantitative evaluation in the change of peak’s area percentage,
and that all the evaluations have been carried out in absence of internal standards. Thus,
an evaluation of changes in peak area percentages simply acquires a semi-quantitative
meaning and is the only reason to proceed with a coarse assessment of possible differ-
ences between the blend and pure fragrance chromatograms. So that, we found a relevant
increase in the area % of some compounds (ethyl acetate; 3-methoxy-3-methylbutanol;
p-cymene; dipropylene glycol and dihydromycenol) while for some others there was a rele-
vant decrease (butyric acid 2-methyl ethyl ester; x-pinene; 3-pinene; limonene; y-terpinene;
ethyl linalool; p-methylbenzyl acetate; linalyl acetate; vertenex; dimethylbenzyl carbinyl
acetate; neryl acetate; a«-damascone; and geranyl acetate).

According to our idea, the TCC may significantly alter the “olfactory performance”
of pure fragrance since the chemicals of pure fragrance are released differently once on a
cosmetic basis.

Differently from TTC, the blend with GLY exhibited an olfactory performance very
similar to the pure fragrance, with the loss of dimethyl silanediol and 10-undecane. Few
compounds are also missed for BGLY blend (dimethyl silanediol, eucalyptol, isoterpinolene,
tetrahydrolinalool, dihydrocitronellal, citronellal, 2,4,6-trimethyl-1,3-dioxane, p-menthan-7-
ol, trans- and 10-undecanal).

In the blend with PFF we did notdetect compounds such as 3-myrcene, cyclopentene
1,3-dimethyl-2-(-1-methylethyl), 4-hexenel-1-ol, acetate, eucalyptol, y-terpinene, isoterpino-
lene, dihydrocitronellal, verdone, citronellal, «-linalool, 1H-inden-1-one, 2,3-dihydro-3,4,7-
trimethyl, allyl cyclohexanepropionate and amberonne (isomer 3), while the blend with
DMT lost dimethyl silanediol, 3-myrcene, cyclopentene 1,3-dimethyl-2-(-1-methylethyl),
4-hexenel-1-o0l, acetate; eucalyptol, isoterpinolene, dihydrocitronellal, citronellal, x-linalool,
and amberonne (isomer 3).

The blend with IPM lost butyric acid 2-methyl ethyl ester; 3-myrcene; cyclopenene,
1,3-dimethyl-2-(1-methylethyl)-; 4-hexen-1-ol, acetate; eucalyptol; y-terpinene; isoterpino-
lene; tetrahydrolinalool; diihydrocitronellal; verdone; citronellal; 1,2,3-benzothiadiazole, «-
linalool, 10-undecanal, piperonal, 1H-Inden-1-one, 2,3-dihydro-3,4,7-trimethyl-, allyl cyclo-
hexanepropionate, 2-phenoxyethyl isobutyrate, amberonne isomer 2 and 3 and hexyl salicylate.

Perfume is made up of notes that are blended together in a harmonious manner. Based
on its persistence, every note can be placed in the olfactory pyramid. Perfumers use it
to create a three-tiered visual depiction of their notes [14,15]. The top notes of a perfume
are those that are initially noticeable after application and are light, fresh, volatile, and
not particularly long-lasting. Citrus and sea notes fall within this area. Midway up the
pyramid are the “heart notes,” which are heard immediately after the “top” notes and have
a medium degree of volatility and persistence to them. Perfume character and individuality
are enhanced by the presence of fruity, flowery, and green notes at this level. A pyramid’s
base notes, followed by the heart notes, are the longest-lasting ones. For example, musky,
woody, spicy, sweet, and oriental tones may all be included at this level.

According to the olfactory evaluation of the experienced perfumer, the fragrance
“Seta e Ciliegia” presents a fruity note with strong floral nuances, marine nuances, and a
musky base with sweet hints.

Based on the SPME-GC/MS analysis, the perfumer found 44 compounds in the
“Seta e Ciliegia” fragrance that give the odour rich and deep characteristics. Table 2 explains
the relationship between each compounds and its related note. The fragrance composition
is a succession of notes in harmony with each other. Many of the compounds in Table 2
have a fruity note that gives the fragrance a distinct character and good persistence in
the air. The flowery and fruity notes work together harmoniously to create a sunny and
velvety character. Top notes are mostly fruity ones, with a predominance of fresh esperidate
notes [16] (p-cymene, D-limonene [17], citronellal, y-terpinene, dihydromyrcenol, 6,6-
dimethoxy-2,5,5-trimethyl-2-hexene). The floral notes are predominant and mainly present
among the hearth notes together with fruity notes, giving intensity and seduction. In the
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fragrance “Seta e Ciliegia”, the perfumer also traced the note of green in the compound
ligustral, 3-hexenel-1-ol, acetate (z), dihydrocitronellal and hexyl isobutyrate. The notes
just described belong to the heart notes in the olfactory pyramid; they are more powerful
and stronger than the top notes. Among the compounds listed in Table 2, x-damascone,
2-phenozyethyl isobutyrate and piperonal have a gourmand facet. They have a sweet and
sensuous flavour evocative of the sweet world thanks to the gourmand notes. Persistent
and slowly evaporating, these sounds are part of the olfactory pyramid’s base notes. An
olfactory pyramid for the chemicals from Table 2 is shown in Figure 2.

Table 2. List of odour compounds identified by the perfumer in the “Seta e Ciliegia” fragrance

according to the compounds previously identified by SPME-GC/MS.

Compound

Notes

ethyl acetate

Pear/cherry, fruity note

butyric acid 2-methyl ethyl ester

Berries/apple, fruity note

a-pinene

Herbal /woody/pine and turpentine-like [18]

ethyl 2-methylpentanoate

Pineapple, fruity note

[-pinene

Herbal, green, woody and pine-like note [18]

[-myrcene

Spicy, peppery, balsamic, herbaceous
and musky note (cloves-like) [19]

3-hexen-1-0l, acetate (z)

Banana/pear/fruity-green note

hexyl acetate

Sweet/aldehydic/fruity /green/pear

4-hexenel-1-0l, acetate

Pungent/vegetable/green note

p-cymene

Citrus note (orange and carrot odor)

D-limonene

Fresh, orange and citrus note [20]

eucalyptol

Fresh /mint-like and spicy [21]

isoamyl butyrate

Fruity type

Y-terpinene

Herbal, lemon and citrus note

dihydromyrcenol

Fresh, citrus, lime-like, sweet and delicate note

ligustral

Flowery, delicate/silk note (Green type-like) [22]

allyl hexanoate

Cherry and pineapple note
(fatty fruity, slightly pungent)

Herbal, woody type and pine-like odor

isoterpinolene (turpentine-like)
tetrahydrolinalool Floral/fresh/citrus and sweet odor
dihydrocitronellal Rosy and green note
verdone Woody and camphoraceous note
hexyl isobutyrate Green type note [23]
citronellal Lemon-like note

6,6-dimethoxy-2,5,5-trimethyl-2-hexene

Citrus, fresh, “grapefruit peel” note

ethyl linalool

Floral note

p-methylbenzyl acetate

Floral note

decanal

Aldehyded note (sweet and fresh, wax and floral)

o-linalool

Fresh floral and citrus note
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Table 2. Cont.

Compound

Notes

lynalyl Acetate

Floral and citrus fresh note. Sweet, lavender-like

trans-p-menthan-7-ol

Fresh, soft and clean floral odor
(petals and blossom)

verdox

Fresh fruity [24], woody and herbal note,
with a scent of green apple

10-undecenal

Aldehydic type odor

vertenex

Sweet, rich, fruity, floral and woody note

dimethylbenzylcarbinyl acetate

Floral, woody odor

piperonal

Floral, sweet and powdery note (similar to vanillin
or cherry)

neryl Acetate

Sweet, fruity (raspberry) floral note

a-damascone

Fruity and gourmand note (woody, herbaceous,
nutty, floral, smoky, wine-like note)

geranyl acetate

Sweet, fruity-floral (rose) note (lavender-like odor)
[24]

allyl cyclohexanepropionate

Sweet fruity odor of pineapple

trans-f3-ionone

Violet note

butanoic acid 1 1-dimethyl-2-phenylethyl

Mild, herbaceous, fruity
ester

Sweet, aromatic floral-fruity chamomile, with
green
apple and powdery fruit blossom notes
with aspects of honey and pastry

2-phenozyethyl isobutyrate

Woody, amber, sandalwood, cedar and tobacco

amberonne
note

Sweet aromatic, floral, sweet herbaceous [24],

hexyl salicylate fruity (tropical fruit)

The next step in the present study was trying to combine the analytical results with
the perfumer’s evaluation and assess if the analytical evaluation can support the sensation
perceived by the perfumer.

According to the perfumer, starting from the TTC blend, the “Seta e Ciliegia” fragrance
is less perceptible and more ethereal; a slight base odour is perceived, which covers the
composition and slows down the physiological process of diffusion.

Correlating this evaluation with the results shown in Table 1, we can consider the loss
of several compounds and the decrease in the % area of many others compounds. Finally,
we could attest a dominant presence of the following odorous compounds: ethyl acetate
(area % 1.89), butyric acid 2-methyl ethyl ester (area % 1.05), 3-hexenel-1-ol, acetate (z)
(area 4.41%), p-cymene (area % 7.37), dipropylene glycol (s,p) (area % 5.36), dipropylene
glycol (p,p) (area % 3.55), dihydromyrcenol (area % 8.30), ethyl linalool (area % 2.95),
p-methylbenzyl acetate (area % 9.91), linalyl acetate (area % 3.79), verdox (area % 23.99),
vertenex (area % 3.64) and dimethylbenzyl carbinyl acetate (area % 2.25). These, in fact,
present a high % area which confirms the olfactory sensation of the perfumer. Table 3
allows us to identify the compounds mainly responsible for the olfactory performance of
the blend TCC-fragrance according to the perfumer’s evaluation.
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Figure 2. Olfactory pyramid of “Seta e Ciliegia” pure fragrance.

Table 3. Description of the olfactory performance of the blend TTC-fragrance (“Seta & Ciliegia”)
according to the compounds identified by GC-MS analysis.

Analytes Olfactory Performance Description

Ethereal fragrance, very volatile, the high % confirms the

ethyl acetate olfactory sensation.

The high % area confirms the very evident ‘base’ note (if
compared to the other areas of the same substance it is
not the highest but it conditions the % areas of the other
components that are less expressed).

butyric acid, 2-methyl ethyl ester

Note slightly ethereal, but the high percentage can

dipropylene glycol (s, p) justify the olfactory sensation.

Note slightly ethereal, but the high percentage can

dipropylene glycol (p, p) justify the olfactory sensation.

Herbal, sweet and floral. The percentage is high, if

p-methylbenzyl acetate compared with the other compounds.

The fragrance in the blend with GLY is in line with its olfactory profile of the pure
fragrance. The “heavy” and gourmand notes were more highly appreciated at the ex-
pense of the juicy and floral ones, due to the presence of x-damascone, 2-phenozyethyl
isobutyrate and piperonal. Actually, the «-damascone has the highest % area (0.57%)
compared to the other blends. This compound gives the blend a soft and at the same
time “heavy” facet, slightly masking the floral notes of the other molecules. Nonethe-
less, the fragrance is in good line with the olfactory profile of the pure fragrance because
only two compounds (dimenthyl silanediol and 10-undecenal) have been lost. In addi-
tion to x-damascone there is a dominant presence of butyric acid 2-methyl ethyl ester
(area % 1.78), B-pinene (area % 1.99), 3-hexenel-1-0l, acetate, (z) (area % 4.99), p-cymene
(area % 1.63), dihydromyrcenol (area % 9.00), ethyl linalool (area % 5.92), p methylben-
zyl acetate (area % 13.34), linalyl acetate (area % 7.34), verdox (area % 24.35), vertenex
(area % 6.55), dimethyl carbinyl acetate (area % 4.80), butanoic acid, 1,1, -diimethyl-2-
phenylethyl ester (area % 1.05). For many compounds, the percentage is not so high
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if compared with other in the same blend, but is high if compared to the same com-
pound in the other blends and their presence can justify the sweet and gourmand notes:
ligustral (area % 0.57), allyl hexanoate (area % 0.74), tetrahydrolinalool (area % 0.07), de-
canal (area % 0.40), piperonal (area % 0.19), neryl acetate (area % 0.41), x-damascone
(area % 0.57), geranyl acetate (area % 0.58), allyl cyclohexanepropionate (area % 0.12),
trans-f3-ionone (area % 0.93), 2-phenoxyethyl isobutyrate (area % 0.08) and hexyl salicylate
(area % 0.09). The loss of flowery and juicy notes can be justified by the low percentage
of many compounds with notes from the heart level of the olfactory pyramid. Table 4
highlights the compounds that better contribute to the olfactory performance of the blend
according to the perfumer’s evaluation.

Table 4. Description of the olfactory performance of the blend GLY-fragrance (“Seta & Ciliegia”)
according to the compounds identified by GC-MS analysis.

Analytes Olfactory Performance Description

butyric acid 2-methyl ethyl ester Highest % area for the blends, with berries and apple note.

In this blend, this molecule has the highest percentage as
3-hexenel-1-0l, acetate, (z) compared to the other blends. It has banana and pear note,
green and fruity.

It has the highest percentage if compared with the other

hexyl acetate blends. Itis sweet and aldehydic.

The area % is very high and it confers to the blend a

ih 1
dihydromyrceno sweet note.

The % area is greater than the % areas in the blends and in
ligustral the pure essence. Green note with a “heavy” diffusion,
with flowery, delicate and silk notes

It has the highest percentage in this blend, with a cherry

allyl hexanoate and pineapple note (fatty fruity, slightly pungent)

It has the highest percentage in this blend, absent in other

tetrahydrolinalool blends. Floral and sweet note.

Herbal, sweet and floral. The percentage is high, if

p-methyl benzyl acetate compared with the other compounds.

Aldeyhdic note (sweet and fresh, wax and floral). The
decanal percentage is high if compared with other molecules, but
like aldehydic note it has an intense character.

This is the blend in which this compound has the highest
area %. It has a floral note, very similar to vanillin or
cherry and it can be one of the responsible of the
gourmand and sweet note of the blend.

piperonal

Highest area % if compared with the other blends. Sweet,

neryl acetate fruity (raspberry) and floral note.

It has the highest % area of pure essence, with a gourmand
a-damascone slice fruity note. It can be one of the responsible for the
sweet note of the blend.

It has the highest area % if compared with the other blends.

geranyl acetate Sweet, fruity-floral (rose) note (lavender-like odor).

The percentage is higher also if compared with the pure

allyl cyclohexanepropionate fragrance. It has a sweet fruity odor of pineapple.

This molecule has a high percentage of the area of the peak
if compared with other blend, and this can be one of the
responsible for the sweet and gourmand note, conferring
to the fragrance a sweet, aromatic and powdery note.

2-phenoxyethyl isobutyrate

hexyl salicylate Sweet and aromatic note, floral and fruity (tropical fruit).
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The perfumer appreciated how the fragrance spread when he looked at the blend
with PFF. The aroma is only slightly kept, but it still has the same organoleptic profile and
excellent intensity as when it was first made.

The following compounds, in particular responsible for the floral and fruity notes,
3-hexen-1-ol, acetate (area % 3.81), p-cymene (area % 6.75), dihydromyrcenol (area % 11.24),
ethyl linalool (area % 6.11), p-methylbenzyl acetate (area % 14.94), linalyl acetate (area % 4.17),
verdox (area % 16.78), vertenex (area % 2.94), and dimethylbenzyl carbinyl acetate (area % 3.54),
are the ones with the highest area % in this blend, but also in the pure fragrance. This
element may support the preservation of the olfactory profile of this blend in comparison
to the pure fragrance.

In the DMT fragrance blend, the perfumer found a slight decrease in the “volume” of
the composition due to the silicone nature of the base. In fact, there is a greater evaporation
tendency of the different notes and the diffusivity increases exponentially (the situation is
very similar in presence of paraffin).Analysing the chromatogram of the blend, it is possible
to note the presence of the characteristic peaks of dimethicone: hexamethyl cyclotrisiloxane,
octamethyl cyclotrisiloxane and decamethyl cyclotrisiloxane. These volatile compounds,
which come from the family of silicones, are released together with the odorous compounds
favouring the release of the latter. The slight decrease in the “volume” of the composition
is confirmed by the decrease in the area % for most of the molecules. In particular, for
the following compounds, characterized by fruity and floral notes, 3-hexen-1-ol, acetate,
(z), p-cymene, dihydromyrcenol, ethyl linalool, p-methylbenzyl acetate, linalyl acetate,
verdox, vertenex, dimethylbenzyl carbinyl acetate, the % areas are the highest, as in the pure
fragrance. The decrease in the area % of the following compounds with floral and fruity
notes, butyric acid 2-methyl ethyl ester, ethyl 2-methylpentanoate, 3-hexenl-1-ol, acetate,
isoamyl butyrate, y-terpinene, ligustral, allyl hexanoate, linalyl acetate, verdox, vertenex,
dimethylbenzyl carbinyl acetate, neryl acetate, x-damascone, geranyl acetate, trans-f3-
ionone, butanoic acid, 1,1, -dimethyl-2-phenylethyl ester, hexyl salicylate, confirmed the
reduction in the “volume” of the composition.

In the blend with IPM, the olfactory profile is maintained, and the floral and fresh-fruity
part is in line with one of the pure fragrances. These typical notes can be ascribed to the fol-
lowing compounds: ethyl acetate (area % 1.80), 3-hexen-1-ol, acetate, (z), dihydromyrcenol
(area % 7.16), ethyl linalool (area % 2.43), p-methylbenzyl acetate (area % 10.12), linalyl
acetate (area % 3.3), verdox (area % 21.90), vertenex (area % 3.25), dimethylbenzyl carbiny
acetate (area % 2.45). The % areas of these compounds are the highest in this blend, like in
the pure fragrance, supporting the evidence that the olfactory profile is maintained in this
blend as supported by the perfumer. The olfactory notes are well balanced;nonetheless,
a slight solvent note is present. A slight base note is present, due to the presence of the
characteristic isopropyl-myristate peak that may have veiled the facets of the fragrance.

Lastly, the perfumer thought that BGLY was an excellent solvent because he liked the
fragrance as a whole. The fruity part is well balanced and gives space to the delicate musky
base of the composition.

Again, this can be explained by the fact that the area % of the typical molecules of the
pure fragrance are similar in the blend. Actually, the compounds with the most abundant
peaks confer fruity facets and green colour nuances, making it possible to perceive the
fragrance in its entirety. The typical fruity and floral notes, present in the heart level of the
olfactory pyramid, depend to the presence of 3-hexen-1-10l, acetate, (z), p-methylbenzyl
acetate, linalyl acetate, verdox, vertenex, and dimethylbenzyl carbinyl acetate.

The base notes are confirmed by the presence of high percentage for «-pinene (area % 1.60),
[-pinene (area % 2.92), f-myrcene (area % 0.03), vertenex (area % 6.91) that in this blend
have the highest areas. The important % areas for linalyl acetate (area % 8.32), verdox
(area % 32.06) and vertenex (area % 6.91) confirm and highlight the fruity note characteristic
of the pure fragrance with a reduction in the area of molecules with a citrus note like p-
cymene (area % 1.45) and dihydromyrcenol (area % 2.06).
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3.2. Narguilé
SPME/GC-MS of “Narguilé” Fragrance

Figure 3 shows the TIC for the pure fragrance “Narguilé”. Forty-four compounds
were detected and they are listed with their RT and relative peak areas (%) in Table 5.
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Figure 3. Total ion chromatogram for the pure fragrance “Narguilé”.

Table 5. Retention time (RT) and relative peak areas (%) of the analytes in the pure fragrance
“Narguilé” and its blends with cosmetic bases.

Relative Peak Area
(%)
RT Narguilé Blend Blend Blend Blend Blend Blend
Analyte (min) (Pure with with with with with with
Fragrance) TTC GLY PFF DMT IPM BGLY
(hi dﬁZ;ll)lfehc};fggilaﬁ1 4 15.72 6265 1352 3361 2328 3778 1295
a-pinene 9.43 1.57 0.29 1.07 0.09 0.16 0.19 1.13
camphene 9.90 0.09 0.06 0.06
benzaldehyde 10.30 0.015 0.16 0.18 0.15 0.16 0.15 0.03
{-pinene 10.82 0.27 0.05 0.23 0.20
-myrcene 11.35 0.18 0.18 0.17
a-phellandrene 11.73 0.09 0.08 0.06
p-cymene 12.39 045 0.13 0.06 0.09 0.06 0.33
d-Limonene 12.52 19.44 8.16 16.74 3.26 5.42 4.78 16.9
y-terpinene 13.49 0.26 0.03 0.24 0.04 0.23

linalool 14.76 8.44 5.46 0.09 6.40 6.14 3.32
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Table 5. Cont.

Relative Peak Area
(%)

phenylethyl alcohol 15.15 0.30 0.22 0.96 0.71 0.29
ethyl maltol 17.66 0.07 0.30 0.19 0.07
3-phenylpropanol 18.62 0.07 0.28 0.22
linalyl acetate 19.37 5.05 1.41 5.65 1.96 2.05 0.92 3.40
cinnamaldehyde 19.76 0.20 0.05 0.14 0.42 0.44 0.08 0.14
verdox 20.44 11.74 7.23 12.54 5.04 6.04 497 8.04
cinnamic alcohol 20.71 0.75 0.16 0.32 3.68 2.69 0.26
vertenex 21.00 1.42 0.56 1.61 0.48 0.63 0.36 0.91
«-terpinyl acetate 21.93 0.20 0.05 0.01
-patchoulene 22.84 0.28 0.29 0.55
-damascone 22.87 0.12 0.24 0.06
vanillin 23.19 0.24 0.07 2.82 1.44 0.14 0.03
2-fluoro-a-
methylbenzyl 23.58 0.14 0.18 0.18 0.20 0.13
alcohol
caryophyllene 23.81 0.37 0.43 0.75
coumarin 24.18 2.65 1.95 1.88 10.11 7.83 3.41 0.56
a-guaiene 24.27 2.66 0.14 2.81 0.10 0.46 0.03 2.43
seychellene 24.40 1.47 0.14 1.54 0.32 0.05
a-patchoulene 24.74 0.74 0.03 0.80 0.09 1.34
105;&;?_’;?2‘5‘1& 24.83 0.23 0.27 0.40
y-patchouele 24.87 0.09 0.10 0.20
isopropyl
isopropylphosphono- 25.66 0.06 0.12 0.05
fluoridate
cashmeran 25.78 0.27 0.43 0.15 0.13
d-guaiene 25.95 0.18 0.23 0.48
diethyl phthalate 28.01 9.71 7.56 11.95 24.84 22.56 10.52 5.32
p-cyanophenyl p-
(2-methylbutoxy) 28.52 0.08 0.12
benzoate
amberonne (isomer 1) 29.44 0.48 0.70 0.23 0.52
amberonne (isomer 2) 29.63 9.47 3.15 10.80 3.01 7.93 2.28 9.71
amberonne (isomer 3) 29.76 1.85 0.42 221 0.45 1.46 0.30 2.00
ethanone,
o 4_1m[elt'ﬁycll_‘g_‘;gr‘lﬁnyl)_ 30.14 0.15 0.23 0.09 0.19
3-cyclohexen-1-yl]-
amberonne 30.30 0.97 0.09 1.27 0.09 0.70 0.05 1.17
galaxolide 32.77 0.79 0.05 1.23 0.65 0.16 1.74
tonalid 32.88 0.14 0.18 0.29
Hert Octylphenol, 5626 0.40 028 093

Because the pure bases are the same as those used in the fragrance “Seta e Ciliegia,” we
may conclude that the bases should not affect the olfactory performance.

Binary blends were thus analysed. The blend with TCC lost a lot of compounds:
camphene; 3-myrcene; x-phellandrene; ethyl maltol; 3-phenylpropanol; a-terpinyl ac-
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etate; 3-patchoulene; 3-damascone; 2-fluoro-a-methylbenzyl alcohol; caryophyllene; 10s,
11s-himachala-3(12),4-diene; y-patchoulene; isopropyl isopropylfhosphonofluoridate; cash-
meran; d-guaiene; p-cyanophenyl p-(2-methylbutoxy benzoate); amberonne (isomer 1);
ethenone, 1-[1,6-dimethyl-4(4-methyl-3-pentenyl)-3-cyclohexen-1-yl)-; tonalid and 4-tert-
octylphenol, TMS derivative.

Few compounds are lost for GLY, such as p-cymene; phenylethyl alcohol; ethyl maltol;
3-phenylpropanol; a-terpinyl acetate; vanillin and tonalid.

The blend with PFF lost several compounds such as camphene; 3-pinene; 3-myrcene;
a-phellandrene; y-terpinene; a-terpinyl acetate; 3-patchoulene; 3-damascone; caryophyl-
lene; seychellene; x-patchoulene; 10s, 11s-himachala-3(12),4-diene; y-patchouelene; iso-
propylisopropylphosphonofluoridate; cashmeran; 6-guaiene; amberonne (isomer 1); ethenone,
1-[1,6-dimethyl-4(4-methyl-3-pentenyl)-3-cyclohexen-1-yl)-; galaxolide and; tonalid. The
relative % of the areas of a-pinene, p-cymene, D-limonene, linalyl acetate, verdox, vertenex,
a-guaiene and amberonne are far lower than those of the pure fragrance. On the contrary,
an increase in the relative % area of phenylethyl alcohol, ethyl maltol, 3-phenylpropanol,
cinnamaldehyde, cinnamic alcohol, vanillin, coumarin and diethyl phthalate is observed.

The blend with DMT lost camphene; 3-pinene; 3-myrcene; x-phellandrene; 3-patchouele;
caryophyllene; 10s, 11s-himachala-3(12),4-diene; y-patchouelene; 5-guaiene; p-cyanophenyl
p(2-methylbutoxy) benzoate and 4-tert-octylphenol, TMS derivative.

The blend with IPM lost camphene; 3-pinene; 3-myrcene; x-phellandrene; y-terpinene;
3-phenylpropanol; x-terpinyl acetate; 3-patchoulene; 3-damascone; 2-fluoro-o-methylbenzyl
alcohol; caryophyllene; x-patchoulene; 10s, 11s-himachala-3(12),4-diene; y-patchouelene;
isopropyl isopropylphosphonofluoridate; cashmeran; §-guaiene; p-cyanophenyl p-(2-
methylbutoxy) benzoate; amberonne (isomer 1); ethenone, 1-[1,6-dimethyl-4(4-methyl-
3-pentenyl)-3-cyclohexen-1-yl)-; tonalid; and 4-tert-octylphenol, TMS derivative. It was
observed an important decrease in the relative % area of the peaks of some compounds
such as a-pinene; D-limonene; linalool; linalyl acetate; verdox; cinnamic alcohol; vertenex;
x-guaiene; seychellene and amberonne.

The blend with BGLY lost linalool; phenylethyl alcohol; ethyl maltol; 3-phenylpropanol;
cinnamic alcohol; f-damascone; isopropyl isopropylphosphonofluoridate; p-cyanophenyl
p-(2-methylbutoxy) benzoate and 4-tert-octylphenol, TMS derivative.

According to the olfactory evaluation of the perfumer, the fragrance “Narguilé”
presents an oriental fragrance with woody and smoky tones in a vanilla body with am-
ber reflexes.

Starting from the SPME-GC/MS analysis, the perfumer identified in the “Narguilé”
fragrance 34 compounds that compose the fragrance. The correlations between each
compound and the notes are in the Table 6. Only a few notes characterize the top and
hearth notes, while most compounds of the fragrance “Narguilé” belong to the base notes
in the olfactory pyramid giving the fragrance typical intensity and power of these notes:
spicy, woody, herbaceous, citrusy, musk and sweet notes (Figure 4).

Once mixed with TCC, the fragrance “Narguilé” has a “dirty” note that changes the
composition and makes the balance, characteristic of this fragrance, difficult to perceive. The
sweet and fruity parts are more retained. The compounds such as «-pinene, D-Limonene,
linalool, linalyl acetate, verdox, vertenex, coumarin, x-guaiene, seychellene, amberonne
(isomer 2 and 3) are in this blend the ones with the highest area % as well in the pure
fragrance. Nevertheless, in the blend with TCC their area % is significantly decreased
with the respect to the other blends (the ratio among the different compounds is not
maintained); this is why the sweet and fruity parts are more evident with the respect to the
pure fragrance.



Cosmetics 2022, 9, 70

17 of 21

Table 6. List of odour compounds identified by the perfumer in the “Narguilé” fragrance according
to the compounds previously identified by SPME-GC/MS.

Compound Notes
o-pinene Herbal, balsamic, wpody and pine-like note
(turpentine-like) [18]
camphene Woody note
benzaldehyde Bitter almond note
[-pinene Herbal, green, woody and pine-like note [18]
B-myrcene Spicy, peppery, balsamic, herbaceous

and musky note (cloves like) [19]

a-phellandrene

Black pepper, mint and citrus note

p-cymene

Spicy [25], earthy and musky note

limonene

Fresh, orange and citrus note [20]

Y-terpinene

Herbal, lemon and citrus note [25]

linalool Fresh floral [25] and citrus note
phenylethyl alcohol Fresh and rose (phenolic) note
ethyl maltol Sweet and sugar note, strawberry-like,

gourmand note

3-phenylpropanol

Balsamic-floral sweet, mild oriental note

linalyl acetate

Floral [24] and citrus fresh note. Sweet, lavender-like

cinnamaldehyde

Spicy, sweet and warm, cinnamon-like [24]

verdox

Fresh fruity [24], woody and herbal note,
with a scent of green apple

cinnamic alcohol

Floral [24], sweet and powdery note with
cinnamon scent

vertenex

Sweet, rich, fruity, floral and woody note

a-terpinyl acetate

Fresh and balsamic note. Herbal, sweet and
spicy bergamot-lavander type

-patchoulene

Woody note (Typical of patchouli oil) [26]

3-damascone

Fruity and gourmand note (woody, herbaceous,
nutty, floral, smoky, wine-like note)

vanillin

Gourmand, sweet, vanilla note [24]

2-fluoro-a-methylbenzyl alcohol

Hyacinth or almond-like odor

caryophyllene Woody and spicy note (Typical of patchouli oil) [26]
coumarin Sweet, vanilla-like with herbaceous note [24]
a-guaiene Woody and spicy note (typical of patchouli oil)

seychellene Typical of patchouli oil [26]

a-patchoulene

Typical of patchouli o0il [26]

Y-patchoulene

Typical of patchouli o0il [26]

cashmeran Spicy, musky and woody note
d-guaiene Woody note (Typical of patchouli oil) [26]
amberonne Woody, amber, sandalwood, cedar and tobacco note
galaxolide Musky, floral and woody note
tonalid Musky note
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Figure 4. Olfactory pyramid of “Narguilé” pure fragrance.

For the blend with GLY, the perfumer described a well-balanced olfactory profile, with
a good intensity and in line with the pure fragrance. This is confirmed by the percentage of
the most important compounds that are very similar to those of the pure fragrance “Nar-
guilé”: o-pinene (area % 1.07), D-limonene (area % 16.74), linalyl acetate (area % 5.65), ver-
dox (area % 12.54), vertenex (area % 1.61), coumarin (area % 1.88), x-guaiene (area % 2.81),
seychellene (area % 1.54), amberonne (isomer 2) (area % 10.80), amberonne (isomer 3)
(area % 2.21), with the exception of linalool (area % 0.09).

For the blend with PFF, the perfume is in line with the one of pure fragrance, with
a good diffusivity and a maintained olfactory profile. In spite of this, the percentages
of the areas of the most typical compounds for this fragrance are significantly lower:
a-pinene (area % 0.09), D-limonene (area % 3.26), linalool (area % 6.40), linalyl acetate
(area % 1.96), verdox (area % 5.04), vertenex (area % 0.48), o-guaiene (area % 0.10), am-
beronne (isomer 2) (area % 3.01) and amberonne (isomer 3) (area % 0.45). With the excep-
tion of coumarin (area % 10.11), the typical fragrance is probably maintained thanks to the
loss of 17 compounds.

When the pure fragrance is combined with DMT, the volatility of the notes increases,
resulting in an exceptional intensity that reaches the nose quickly and a minor loss of the
fragrance’s “volume”. The scenario is very similar to the fragrance “Seta e Ciliegia”. Also,
in this case, the presence of the peaks of dimethicone favours the evaporation of the note.
The decrease in the “volume” of the composition is confirmed by the decrease in the area %
for most of the molecules (with the exception of coumarin), with a great effect for the most
abundant: o-pinene (area % 0.16), D-limonene (area % 5.42), linalool (area % 6.14), linalyl
acetate (area % 2.05), verdox (area % 6.04), vertenex (area % 0.63), x-guaiene (area % 0.46),
seychellene (area % 0.32), amberonne (isomer 2) (area % 7.93), and amberonne (isomer 3)
(area % 1.46).

In the blend with IPM, the perfumer could appreciate a maintained olfactory profile,
but with a slight loss of the volume and a slight hint of the solvent, that covers the amber
and woody scents of the composition. In fact, the chromatogram confirmed the presence
of the isopropyl-myristate peak, typical of the base. The reduction in the “volume” is
confirmed by the decrease of the area % of most of the molecules, with an important impact
for the most important peaks (with the exception of coumarin): «-pinene (area % 0.19),
D-limonene (area % 4.78), linalool (area % 3.32), linalyl acetate (area % 0.92), verdox (area
% 4.97), vertenex (area % 0.36), x-guaiene (area % 0.03), seychellene (area % 0.05), am-
beronne (isomer 2) (area % 2.28), and amberonne (isomer 3) (area % 0.30). The reduction
in the perception of the perfumer of amber and woody scents is confirmed by the loss
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or the reduction of most of the molecules at the base of the olfactory pyramid, with
amber and woody notes: 3-phenylpropanol [27], cinnamic alcohol, vertenex, «-terpinyl
acetate, 3-patchoulene, 3-damascone, vanillin, caryophyllene, x-guaiene, seychellene,
a-patchoulene, y-patchouelene, cashmeran, 5-guaiene, amberonne (isomers 1,2,3), galax-
olide and tonalid [7].

In the blend with BGLY the note maintains a good intensity and an unchanged ol-
factory profile, with a perfect balance between the woody component and the gourmand
one. This is confirmed by the areas % of most of the compounds, similar to those in
the pure fragrance (Table 5). The situation is similar to the one with the blend with
GLY. The highest percentages of the molecules giving a woody note to the fragrance are
for a-pinene (area % 1.13), verdox (area % 8.04), -guaiene (area % 2.43), x-patchoulene
(area % 1.34), linalyl acetate (area % 3.40), verdox (area % 8.04), vertenex (area % 0.91),
a-guaiene (area % 2.43), a-patchoulene (area % 1.34), amberonne isomer 2 (area % 9.71),
amberonne isomer 3 (area % 2.00) and galaxolide (area % 1.74). D-limonene (area % 16.90)
and linalyl acetate (area % 3.40) confer a perfect balance with the woody notes [7].

4. Discussion

The purpose of this study was to demonstrate and understand why a cosmetic product,
either lipophilic or hydrophilic, can influence the “volatility” of the fragrance and, conse-
quently, its capacity to be “released” and express its olfactory performance. To verify our
purpose, we started by focusing on the affinities between the compounds of both fragrances
and bases under study, and a relationship based on the polarity can be highlighted. In
both of the fragrances used in this work, we found some similarities in the retention of the
molecules between the bases with the same characteristics of polarity. The characteristics
of the olfactory profiles of the blends resulted similar between GLY and BGLY which are
polar, between PFF and DMT, with non-polar characteristics and between TCC and IPM
with medium polarity. This is confirmed by the chromatograms and the behaviour of the
compounds, which is very similar between GLY and BGLY, PFF and DMT, and TCC and
IPM (Tables 1 and 5).

The polarity of the bases determines how the compounds are retained, both for
odorous and odourless compounds, and how the odorous molecules are included influences
the final aroma of the mix. The distinction is obvious, particularly amongst bases with
different polarities, such as PFF and DMT and GLY and BGLY. For compounds with
intermediate chemical properties, the distinction is less obvious (with a non-polar structure
but with some polar groups). The bases with middle characteristics retain most molecules.

For the fragrance “Seta & Ciliegia”, most of the molecules are non-polar and they
are retained mostly by PFF and DMT. This means that the highest areas % of the peaks
are given when the blend is made with polar bases, GLY and BGLY. The non-polar com-
pounds are butyric acid 2-methyl ethyl ester, x-pinene, ethyl 2-methylpentanoate, 3-pinene,
-myrcene, cyclopentene 1,3-dimethyl-2-(-1-methylethyl), 3-hexen-1-ol, acetate (z), hexyl
acetate, 4-hexen-1-ol, acetate, D-limonene, eucalyptol, isoamyl butyrate, y-terpinene, allyl
hexanoate, isoterpinolene, verdone, hexyl isobutyrate, citronellal, 6,6-dimethoxy-2,5,5-
trimethylhex-2-ene, 1,2,3-benzothiadiazole, «-linalool, linalyl acetate, verdox, vertenex,
1H-inden-1-one,2,3-dihydro-3,4,7-trimethyl, geranyl acetate, allyl cyclohexanepropionate,
butanoic acid, 1,1,-dimethyl-2-phenylethyl ester, amberonne and hexyl salicylate.

Molecules with polar groups react in different way; they are largely retained from
GLY and BGLY; thus the maximum areas percentages are provided by the peaks in blends
with PFF and DMT. Dimethyl silanediol, e-methoxy-3-methyl butanol, dipropylene glycol
(s,p), dipropylene glycol (p,p), dihydromycenol, 10-undecenal, and piperonal are examples.
Some compounds, such as ligustral, tetrahydrolinalool, 3,4-dimethyl-3-cyclohexene-1-
carboxaldehyde, dihydrocitronellal, ethyl linalool, p-methylbenzyl acetate, decanal, and
p-methan-7-ol, trans, show intermediate behaviour. The behaviour of molecules with
intermediate polarity is less predictable.
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The situation is more evident for the fragrance “Narguilé”, which contained more polar
molecules or groups, such as carbohydrazide, dipropylene glycole, linalool, phenylethyl
alcohol, ethyl maltol, 3-phenylpropanol, cinnamaldehyde, cinnamic alcohol, vertenex,
vanillin, coumarin and diethyl phthalate. These molecules are retained by GLY and BGLY,
and the peaks with the highest areas % are present in the chromatograms of the blends
with PFF and DMT paraffin and dimethicone. Non-polar molecules, such as x-pinene,
camphene, 3-pinene, 3-myrcene, x-phellandrene, p-cymene, D-limonene, y-terpinene,
heptanoic acid ethyl ester, linalyl acetate, verdox, -patchoulene, caryophyllene, x-guaiene,
a-patchouelene, 10s, 11s-himachala-3(12) 4-diene, y-patchoulene, cashmeran, 6-guaiene,
amberonne, ethanone, 1-(1,6-dimethyl-4-(4-methyl-3-pentenyl)-3-cyclohexen-1-yl)- and
galaxolide, showed an opposite situation. For the molecules with an intermediate polarity,
the behaviour is not easily explained.

GLY and BGLY produce the bases in which the fragrances can be fully appreciated,
possibly due to the strong polarity that permits the release of the majority of the fragrance’s
compounds. Oily fragrances consist mainly of non-polar molecules, which allows them to
preserve their olfactory profile in bases with intermediate polarity.

5. Conclusions

The aim of this study was to provide for the first time an explanation of the olfactory
performance of fragrances when mixed with the most used common cosmetic bases in
binary blends. Through our investigation, we have achieved successfully our purpose of de-
livering formulators with valuable and practical guidance when operating with fragrance in
a cosmetic formulation. We could assess that the lipophilicity of the formulation influences
the olfactory performance of a fragrance in a blend. The SPME-GC/MS, mimicking the nose
perception, confirms the evaluation made by the experienced perfumer on the olfactory
characteristics of each blend with the respect to the reference pure fragrance. The following
is a relatively basic and universal rule: lipophilic chemicals are less readily retained by less
lipophilic bases, allowing for the preservation of the original fragrance’s olfactory signature.
Although this rule cannot be implemented “precisely,” one may deduce a relatively general
and practical rule: choose more lipophilic compounds for more hydrophilic bases and
select more hydrophilic substances for more lipophilic bases.
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