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Abstract

Humans can accurately discern thousands of odorants, although there is a considerable inter-individual
variability. Individuals can be classified as normosmic, hyposmic or anosmic, depending on their
olfactory sensitivity or blindness. In this research we studied the olfactory sensitivity to banana head-
space as a complex odor mixture in a group of 53 subjects classified for their olfactory status, by means
of the "Sniffin' Sticks" extended test. Using the coupled Mass Spectrometry-Gas Chromatography-
Olfactometric Detection Port (MS-GC-ODP3) technique, the single components of the banana flavour
mixture were separated, identified and verbally evaluated by each subject. For each compound both the
“odor type” and “odor descriptor” from data in the literature were reported, so that we could identify
molecules that were defined as smelling of banana. The results show that the threshold olfactory score is
linearly correlated with the number of total molecules and with the number of molecules smelling of
banana. The intensity of the aroma of banana during the sniffing of pen #5 in the identification test is
positively correlated with the number of molecules smelling of banana, the hedonic odor valence reported,
but not with the mean intensity reported for molecules smelling of banana. Instead, the intensity for pen
#5 was correlated with the intensity for isoamyl acetate odor, which is the molecule with the highest
number of detections. In conclusion, our findings confirm the potentials of the GC-O methodological
approach to identify odor-active compounds and show that human perception of single compounds is

strongly conditioned by the olfactory status of the subject.

Keywords: physiological variations of olfactory performance; VARU intensity and hedonic valence;

pleasantness; isoamyl acetate; Sniffin’ Sticks test; olfaction.
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1. Introduction

The sense of smell enables animals, from insects to humans, to detect and discriminate the odors in the
environment where they live [1-2]. The ability to encode the intensity and quality of these odors allows
animals to locate food sources, to identify mates and to avoid predators, permitting survival and
reproduction [3-6]. In humans the olfactory function strongly influences the quality of life, playing a
major role in the feeding behavior, in the ability to detect odors signaling dangers (e.g.: gas, smoke,
spoiled food), in social communication (reproductive behavior, mother-child recognition), and in
personal hygiene [7-8].

Most of the odors of food and drinks are mixtures of molecules; this means that some odors could be
masked by others and therefore not be perceived, thus preventing access to the information that they
carry. It has been reported that the odor of the most intense compound prevails in the mixture [9-10].
Many studies have shown that humans can reliably identify up to three components in mixtures of
odorants [11-15], and that sommeliers, who are experts in olfactory identification, are not able to
recognize more than 4 molecules within a mixture [16].

Recently, several studies were aimed at identifying single odor-active molecules within a mixture and
the characteristics of their perception by humans, in order to improve the quality of food and perfumes,
to make them more pleasant and desirable to consumers [17-18]. In fact, a very important part of food
flavour is its aroma, which is the response of the olfactory epithelium to volatiles entering the nasal cavity
[19]. In general, the aroma of a food consists of many odor-active volatile compounds, only a few of
which are sensorially relevant. The objective of those studies was to identify odor-active compounds and
to find a relationship between their qualitative and quantitative characteristics with human perception
[17]. One of the major problems in the study of a food aroma is the identification of the compounds that

really contribute to it [20-21].



61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

The Gas Chromatography-olfactometry (GC-O) is an instrumental technique that uses human assessors
to detect and evaluate volatiles eluting from a GC separation [22]. By means of this technique it is
possible to evaluate the odor contribution of a single chemical component to the overall aroma; in fact,
GC-O is a combination of sensory and instrumental analysis, allowing simultaneous chromatographic
separation and odor evaluation by a human assessor [20,23]. This method of investigation has been
widely used to provide useful information on which odor-active compounds are the major contributors
to food aroma [20,24-25]. However, when doing this kind of investigation, one must keep in mind that
there is a considerable inter-individual variability [26-27]. Individuals can be classified as normosmic,
hyposmic or anosmic depending on whether they exhibit normal, reduced or absent ability to detect
odors; anosmia can be general or specific [8,28].

On the basis of these considerations, the main goal of this study was to assess whether a relationship
exists between the individual ability to detect the molecules isolated from a mixture and the subject’s
olfactory status.

To this end we chose to study the flavour of banana as an example of a complex chemical mixture
epitomized in food industry by one specific molecule (isoamyl acetate also known as banana oil; hereafter
IAA) [20,29-33]. So far, no study has focused on the relationship between human odor perception of
odor-active compounds and general olfactory function. By means of the coupled Mass Spectrometry-
Gas Chromatography-Olfactometry (MS-GC-O) technique, the single components of the banana aroma
were separated, identified and verbally evaluated by each subject. All molecules were classified on the
basis of their “odor type” and “odor descriptors”, allowing us to identify the odor-active molecules
described as smelling of banana. The individual ability to detect the number of molecules was correlated
to the olfactory status of each subject previously classified as normosmic, hyposmic or functionally
anosmic (hereafter referred to as “anosmia”) by means of the "Sniffin’ Sticks" extended test. Furthermore,

we looked for a correlation between the intensity of the item #5 of the Odor Identification Test (one of
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the sub-test of the Sniffin® Sticks extended test) containing the banana aroma and the number of
molecules detected by each subjects, as well as its relationship with the intensity of the odor-active
compounds. Finally, we investigated the presence of a correlation between the pleasantness attributed to

pen #5 and its intensity.

2. Material and methods

2.1. Subjects

The study was done on fifty-three Caucasian healthy non-smoking volunteers (41 females and 12 males),
aged 19-53 years, recruited in Cagliari (Sardinia, Italy). All subjects were asked to be perfume-free and
with at least 2 hours of fasting prior to testing. Before any tests, they were informed of the experimental
procedures and were asked to sign an informed consent. The study, approved by the local Ethical

Committee, was conducted in accordance with the Declaration of Helsinki of 1975.

2.2. Olfactory sensitivity screening

Sniffin’ Sticks Extended Test (SSET; Burghart Instruments, Wedel, Germany), based on odor-containing
felt-tip pens and consisting of Threshold (T), Discrimination (D) and Identification (I) test, was used to
evaluate the orthonasal olfactory function of each subject [34]. Odor presentation was conducted
according to Hummel et al [35]. Using a single-staircase, 3-alternative forced choice paradigm, the
olfactory threshold was assessed. The subject had to identify the pen containing the odorant among three:
two pens contained the solvent and the third one the odorant (n-butanol). 16 triplets of pens containing
increasing concentrations of n-butanol, were available to the experimenter. If the subject correctly
identified twice in a row the pen containing the odorant, a reversal of the staircase was validated. The
olfactory threshold is given by means of the dilution steps of the average of the last 4 reversals out of 7

(score assigned was between 1 and 16). 16 triplets of pens were also used to evaluate the olfactory

5
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discrimination. For each triplet, the subject had to identify the target pen, which is the one containing the
odor different from that of the other two pens. The number of correct responses represents the score
obtained (from O to 16). The olfactory identification performance was assigned by means of 16 pens
containing common odors. For each pen and by using a four-alternative forced choice, the subject had to
identify the presented odor. The score obtained was the number of correct identifications.

The subjects were classified as normosmic, hyposmic or anosmic for their overall olfactory performance
or their olfactory threshold, discrimination and identification performance, on the basis of the TDI or T,
D, I score respectively obtained. The classification of the subjects was made by taking into account the
reference values reported in previous studies [35].

Finally, for each odor smelled during the identification test, the subject marked on a visual analogue scale
the hedonic valence and intensity. The relative scaling for “unpleasantness/pleasantness” was from -10

to +10 visual analogue rating units (VARUS), and for “low/high intensity” from 0 to +20 VARUSs [36].

2.3. Dynamic headspace sampling

Volatile compounds were collected using the dynamic headspace method as described by Rizzolo et al
[37] and Nuzzi et al [23]. In details, about 200 g of cut banana pulp were placed in an airtight 0.5-L glass
vessel, flow-through system fitted to a Porapak Q (150/75mg, 50/80; Supelco) in a glass adsorption tube
(5 mm @) inserted into the collection port on top of the vessel. Volatiles were collected at room
temperature by flushing the system for 3 h with purified air at 30 L/h (550 ml/min). Trapped volatiles
were eluted from the Porapak Q tube with 1.5 ml of 1-hexane, providing a solution that contained the

isolated volatile compounds. Samples were then stored at -20 °C until used.
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2.4. Mass Spectrometry - Gas Chromatography — Olfactometry (MS-GC-O) analysis

The analyses were performed in an Agilent 6890N gas chromatograph (Santa Clara, CA, USA)
simultaneously coupled to a Gerstel ODP3 temperature programmable sniffing port (Milheim an der
Ruhr, Germany) with an olfactometry detection system and an Agilent model 5973 series mass
spectrometer. The carrier gas was helium at constant flow of 1.2 mL/min. Injection volume was 1 ul and,
at the output of the chromatographic column, the flow was splitted 1:1 between the ODP sniffing port
and the MS detector.

The chromatographic column was a 30 m HP-INNOWax column, 0.25 mm internal diameter x 0.50 um
film thickness (Agilent 19091N-233; Agilent technologies, USA). The temperature of the injector and
the MS interface temperature were set at 250 and 260 °C respectively. The oven temperature was
maintained at 40 °C (0.2 min), 40°C/min to 90°C (0.50 min), 2°C/min to 150°C, 30°C/min to 230°C (12
min). The injector mode was splitless; the temperatures for the ion source and the quadrupole mass filter
were 230°C and 150°C, respectively. Chromatograms were recorded by monitoring the total ion current
in a 40-550 mass range. The transfer line to the GC-ODP3 sniffing port was held at 220°C.

The volatiles were identified by comparing the mass spectrum found in the MS Standard Library
NIST2014 (US National Institute of Standards and Technology; Gaithersburg, MD, USA), and isomyl
acetate was confirmed by analysing a reference compound (Sigma-Aldric, Milan, Italy). Information
about the natural presence of odorants, “odor type” (i.e. fruity, floral, green, etc.) and “odor descriptors”

(i.e. banana, apple, rose, wood, etc.) were obtained from the Good Scents Company Information System

(www.thegoodscentscompany.com), according to Gonzales-Kristeller et al [38].
Prior to testing each panelist was characterized for his/her olfactory status (normosmic, hyposmic,
anosmic) by means of the "Sniffin' Sticks" extended test, as previously described.
For the GC-O analyses, participants were asked to evaluate both the intensity and the duration of the

compound while eluting [23,39]. The subject had a voice recording and digital signaling system
7
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connected to the PC (GERSTEL ODP recorder 3 for Windows 7). The signaling system is characterized
by the presence of 4 keys that represent a 4-point intensity scale: 1 = weak odor, 2 = distinct odor, 3 =
intense odor, 4 = very intense odor. Whenever an odor was perceived, the subject pressed one of the keys
of the signaling system and could express his/her subjective evaluation of the aroma intensity (based on
which button was pressed), the duration of the stimulus, the degree pleasantness/unpleasantness and the
description of the odor-active volatile compound. The PC automatically recorded the retention time and
sniffing time of odor-active compound individually and, in this way, the olfactograms obtained overlap
with the chromatograms (Fig. 1). The samples were presented completely blindly in order to avoid

psychological conditioning.

2.5. Statistical analysis

The Pearson correlation test was used to evaluate the relationship between: a) the total number of
molecules (from now on, total-molecules) or the number of molecules smelling of banana (from now on,
banana-molecules) perceived by each subject and the T score; b) the intensity for the pen of the
identification test containing the banana aroma (from now on, pen #5) and the number of total-molecules,
the number of banana-molecules, the main intensity of banana-molecules and the intensity of IAA also
known as banana oil, commonly added to foods and drinks to give the banana aroma); c¢) the hedonic
valence attributed to pen #5 and its intensity.

Statistical analyses were performed using GraphPad Prism 6 (GraphPad Software, San Diego, CA, USA).
P values < 0.05 were considered to be significant.

Post-hoc comparisons, subsequent to one-way ANOVA, were conducted with the Fisher’s least
significant difference (LSD) test. Statistical analyses were performed using STATISTICA for
WINDOWS (version 7.0; StatSoft Inc, Tulsa, OK, USA). P values < 0.05 were considered to be

significant.
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3. Results

Table 1 shows that a total of 43 molecules were obtained from the extract of a banana sample using the
dynamic headspace method. We classified the molecules by means of the information available from
"The Good Scent Company System" on the organoleptic properties (odor type and odor descriptors) of
each compound. On the basis of the odor type information we found 23 fruity molecules, 4 green, 3 floral,
2 herbal, 1 brown, 1 fatty, 1 spicy and 1 terpenic molecule. Instead, based on odor descriptors, 14
molecules were described as smelling of banana, 13 of which are of the fruity odor type, while 1 is of the
herbal odor type. For 7 molecules we did not find any information regarding either the type or the odor
descriptor: in particular, 3 of them were not identified, while the other 4 are not present in the Good Scent
Company System. Table 2 shows that 33 of the 43 molecules found in the extract were odor-active and
they were divided as follows: 19 fruity, 3 floral, 2 herbal, 2 green, 1 brown, 1 fatty and 1 spicy. Finally,
only 12 of the 14 molecules described as smelling of banana were odor-active; in fact, none of the
subjects smelled the odors of “acetic acid, hexyl ester” (fruity) and “butanoic acid, 1-methyloctyl ester”
(fruity), reported as n. 17 and n. 20 respectively in Table 1. Among the odor-active molecules the
detection frequency was highest (N = 36) for isoamyl acetate (1-butanol, 3-methyl, acetate), high for 2-
pentanol, acetate (N = 28) and propanoic acid, 2-methyl, 3-methylbutyl ester (N = 23), intermediate for
butanoic acid 3-methyl, 3-methylbutyl ester (N = 17) and isopentyl hexanoate (N = 17), and gradually
lower for all others. As reported in Table 2, the subjects described the odor of the molecules they
perceived during the GC-O experiment as fruity or floral, and in particular they described 8 of the 12
odor-active banana-molecules as actually smelling of banana.

Examples of the chromatogram and related aromagram obtained in response to volatiles from banana
extract eluting from chromatographic separation during the GC-O experiment by a normosmic and an

hyposmic subject, are shown in Fig. 1. In order to assess if the ability to smell volatiles by each subject
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was correlated with his/her olfactory performance, we tested for a correlation between the number of
odor-active compounds and the T score of each subject, by means of the Pearson correlation test. In detail,
correlation analyses shown in figures 2 indicated that the T score was positively correlated with the
number of total-molecules (Pearson r = 0.18, p = 0.001) and of banana-molecules smelled by each subject
(Pearson r = 0.53, p < 0.0001).

The Pearson correlation test also revealed that the intensity of pen #5 reported by each subject was
positively correlated with both the number of banana-molecules smelled by each subject and the intensity
of IAA (Pearson r > 0.29, p < 0.05), but not with the number of total-molecules smelled by each subject
(Pearson r = 0.18, p = 0.10) and the mean intensity reported for banana-molecules (Pearsonr =0.14, p =
0.31) (Fig. 3). Besides, the Pearson correlation test has also revealed a positive correlation between the
hedonic valence and the intensity value that each subject attributed to pen #5 (Pearsonr =0.42, p =0.002)
(Fig. 4). Finally, we found that the mean value of the hedonic valence perceived for pen #5 increased
significantly (p = 0.022; Fisher’s LSD test subsequent to one-way ANOVA) from 2.33 + 0.97 t0 6.53

0.62 depending on whether the participants smelled the IAA odor as pleasant or unpleasant, respectively.

4. Discussion

The olfactory system has a wide sensitivity and discriminatory power, even if the exact number and order
of magnitude of olfactory stimuli that humans can detect is still unknown [40]. Indeed, due to a
combination of environmental, genetic and cultural factors [41-46], humans present a considerable inter-
individual variability [47]. Besides, the ability to discriminate different compounds depends on whether
they are single or in a mixture. In fact, it is known that humans have an extraordinary ability to
discriminate one mixture from another, but at the same time have difficulty in identifying more than 3 or
4 compounds within a mixture [11-12,14,48]. The odors that surround us rarely consist of a single

molecule, but more often are mixtures of many volatiles. By means of the Gas Chromatography-
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Olfactometry (GC-O) technique it is possible to perform a sensory analysis of single volatile compounds,
separated by the GC, using the human nose as a sensor. Since it is not known whether the human nose,
as a sensor, presents inter-individual variability, the main scope of this study was to evaluate the presence
of a correlation between the ability to smell single molecules as they are eluted from the gas
chromatograph and the olfactory performance of subjects. In particular, the results we obtained show that
the threshold olfactory performance of the subjects was positively correlated with the number of total-
molecules and banana-molecules being odor-active compounds for each of participants. In order to
establish the number of compounds that are odor-active, we used the frequency detection method [25],
by which the number of individuals who smell an odor is counted [49]. The detection frequency method
has been reported as being the simplest because it does not require the use of qualified assessors and the
results obtained reflect the inter-individual differences [50-51]. By means of the detection frequency
method, we also found that only 12 of the 14 banana-molecules were odor-active compounds for subjects
who participated in this study. In addition, during the GC-O experiment, they provided an odor
description based only on their experience and olfactory memory. Subjects defined 8 of the 12 odor-
active banana-molecules as actually smelling of banana. Probably not all banana-molecules were
identified as such, because the participants were not informed of the mixture injected into the GC column.
This means that they did not have a mental representation of the odor. In fact, the visual representation
has been shown to exert a great influence on the formation of the quality odor percept [52].

The second aim of the study was to evaluate whether the intensity of the banana aroma sniffed from pen
#5 in the identification sub-test was correlated with the number of total-molecules and/or banana-
molecules smelled by each subject, and whether a correlation existed with the intensity reported for the
banana-molecules. The results show a positive correlation with the number of banana-molecules smelled,
but not with the number of total-molecules, and even more interestingly, the intensity of pen #5 is not

correlated with the average intensity of banana-molecules, but only with that of IAA. This result
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reinforces the theory according to which compounds smelled most frequently are also those that have the
greatest influence in determining the odor of a given aroma [51]. In fact, IAA is the odor-active
compound that obtained the highest number of detections, having been smelled by 36 subjects out of 53.
Even though the aroma of banana is represented by a very complex mixture of esters, IAA among them,
commonly known as “banana oil”, it has been reported as a key component of the banana fruity odor and
Is used as an additive to give the aroma of banana to foods and beverages [20,29-33,53].

Humans perceive the odors in the environment where they live in a rather variable way and this variability
applies not just to the overall olfactory performance, but also to the ability to perceive specific odors and
the way in which they are perceived [26,54]. In fact, the perceived quality and pleasantness reported for
some odors differ greatly among individuals [27,55]. Since IAA was the most relevant compound in the
banana aroma, we evaluated whether the pleasantness reported for pen #5 depends on that reported for
IAA. The results showed a significant effect of the pleasantness reported for IAA on the pleasantness
reported for pen #5: in fact, the subjects who defined IAA as pleasant, attributed a greater pleasure also
to the aroma of banana.

Finally, we found that the pleasantness and intensity reported for the aroma of banana during the sniffing
of pen #5 are positively correlated. Similar results were found in a previous study about the relationship
between the pleasantness and the intensity reported for 10 diverse chemical stimuli, with the 1AA
molecule among them [56].

In conclusion, our findings, while confirming the potentials of the GC-O methodological approach to
identify odor-active compounds deriving from food and to study the human perception of them, highlight
the fact that human perception of single compounds is strongly conditioned by the olfactory status of the
subject, thus suggesting the presence of inter-individual variations in the perception of compounds that
are odor-active. The results also clearly show that olfactory function was positively associated with the

number of perceived individual odorous compounds. Furthermore, the results of this work could be of
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great interest to the food or perfume industry, which continually seeks to identify odor-active compounds

to make their products more pleasant and desirable to consumers [17-18].
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Figure legends
Figure 1. Examples of the chromatogram and related aromagram obtained in response to volatiles from
banana extract eluting from chromatographic separation during the GC-O experiment by a normosmic

(A) and an hyposmic (B) subject.

Figure 2. Correlation analysis between the T score and the number of total molecules smelled by each
subject (A; total-molecules) and the number of molecules described in the literature as smelling of banana

(B; banana-molecules).

Figure 3. Correlation analysis between the intensity of pen #5 and the number of total molecules smelled
by each subject (A; total-molecules), the number of molecules described in the literature as smelling of
banana (B; banana-molecules), the mean of the intensity reported for the molecules described as smelling
of banana (C), the intensity from 0 to +4 reported for isoamyl acetate (D; IAA intensity). VARUs =

Visual Analogue Rating Units from 0 to +20 for low/high intensity for pen #5.

Figure 4. Correlation analysis between the hedonic valence and the intensity reported by each subject

for pen #5 of the identification test. VARUS = Visual Analogue Rating Units; from 0 to +20 for low/high

intensity and from -10 to +10 for “unpleasantness/pleasantness” of pen #5.
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Table 1. Headspace volatile compounds detected in freshly cut banana fruit

N. Compound RT2 | Odor Odor descriptors®
typeP®
1 | Isobutyl acetate* 6.59 | Fruity | Sweet, banana, tropical
2 | Butanoic acid, ethyl ester* 6.98 | Fruity | Juicy fruit, pineapple, banana, cognac
3 | 2-Pentanol, acetate* 7.61 | Herbal | Banana, green, orange juicy
4 | Propanoic acid, 2-methyl-, 2-methylpropyl ester* | 7.94 | Fruity | Pineapple, grape skin, tropical, banana
5 | Isoamyl acetate™ 8.71 | Fruity | Sweet, banana, fruity
6 | Propanoic acid, 2-methyl-, butyl ester* 9.31 | Fruity | Sweet, tuti frutti, melon, banana, citrus
7 | Butanoic acid, 2-methylpropyl ester* 9.66 | Fruity | Sweet, pineapple, rum, apple, berry
8 | 2-Hexanol, acetate 9.83 | Fruity | Apple, pear, sour
9 | Butanoic acid, 2-methyl-, 2-methylpropyl ester* | 10.12 | Fruity | Sweet, fruity
10 | Butanoic acid, 3-methylbutyl ester* 10.62 | Fruity | Green, apricot, pear, banana
11 | Butanoic acid, 1-methylbutyl ester* 11.24 | Fruity | Sweet, banana, pineapple, cherry, tropical
12 | Butanoic acid, butyl ester* 11.50 | Fruity | Fruity, banana, pineapple, sweet
13 | Butyl 2-methylbutanoate 11.94 | Green | Fruity, Cocoa
14 | Pentanoic acid, 2-pentyl ester 12,16 | Fruity | Ripe, fruity, apple
15 | 2-Heptanol, acetate* 12.95 | Brown | Fenugreek, fruity, fatty, green
16 | Propanoic acid, 2-methyl-, 3-methylbutyl ester* | 13.31 | Fruity | Waxy, apricot, pineapple, green, banana
17 | Acetic acid, hexyl ester* 13.47 | Fruity | Green, apple, banana, sweet
18 | p-Cymene* 13.85 | Terpenic | Citrus, terpenic, woody, spicy
19 | Butanoic acid, 3-methyl-, 3-methylbutyl ester* 14.24 | Fruity | Sweet, green, ripe, apple, tropical
20 | Butanoic acid, 1-methyloctyl ester* 14.56 | Fruity | Sweet, banana, apricot
21 | 4-Hexen-1-ol, acetate* 14.83 - Found in banana fruit
22 | Acetic acid, 1,4-dimethylpent-4-enyl ester* 15.01 - No information
23 | 2-Hexen-1-ol, acetate, (Z)-* 15.95 - No information
24 | 4-Hexen-1-ol, (4E)-, acetate* 16.48 - Found in banana fruit
25 | Hexanoic acid, 2-methylpropyl ester* 16.69 | Fruity | Sweet, pineapple, green apple, peach
26 | Butanoic acid, 2-methyl-, 3-methylbutyl ester* 17.06 | Fruity | Sweet, citrus, cherry, blueberry, apple
27 | Butanoic acid, 1-methylhexyl ester* 18.74 | Fruity | Green, vegetable, cheesy, walnut
28 | Unknown 19.41 - No information
29 | Butanoic acid, hexyl ester* 19.73 | Green | Sweet, fruity, apple, waxy, soapy
30 | Butanoic acid, 3-methyl-, hexyl ester* 21.12 | Fruity | Sweet, apple, unripe, strawberry
31 | Isopentyl hexanoate* 21.90 | Fruity | Banana, apple, pineapple, green
32 | Acetic acid, octyl ester* 22.81 | Floral | Waxy, mushroom, green, fruity, apple
33 | Butanoic acid,4-hexen-1-yl ester* 23.66 | Green | Fresh, green apple, fruity
34 | 3-Octen-1-ol, acetate, (2)-* 24.77 | Herbal | Bergamot, woody, grapefruit, rose, apple
35 | Unknown 25.31 - No information
36 | Cyclohexaneethanol, acetate 25.74 | Floral | Mint, rose, raspberry, green
37 | Unknown 28.02 - No information
38 | Propanoic acid, 2-methyl-, 1-methylbutyl ester* | 30.88 - Found in banana fruit
39 | Propanoic acid, 2-methyl-, 2-methylbutyl ester 32.38 | Fruity | Fruity, ethereal, tropical, banana
40 | 5-Octen-1-ol, (2)-* 33.16 | Green | Fresh, watermelon, melon
41 | 3-Decen-2-ol, (2)- 33.94 Fatty Green, fruity, apple, earthy, jasmine
42 | Linolenic acid 35.34 | Floral | Sweet, fresh, gentle, soft, mild
43 | Elemicin* 44.23 | Spicy | Spicy, flower

4 RT = retention time in I-Wax column.
b Odor type and odor descriptors from the Good Scent Company Information System
(www.thegoodscentscompany.com).
Asterisks indicate the molecules that have also been found in other banana extracts. References:
[20,29,33,57-58]



http://www.thegoodscentscompany.com/

Table 2. GC-O analysis: odor-active compounds and odor descriptions by subjects.

N. | Odor-active compound Odor description df
1 | Isobutyl acetate Sweet, fruity, caramel, banana 6
2 | Butanoic acid, ethyl ester Sweet, fruity, wine, banana, strawberry, orange 15
3 | 2-Pentanol, acetate Fruity, floral, banana, strawberry, chewing-gum, red wine | 28
4 | Propanoic acid, 2-methyl-, 2-methylpropyl ester | Floral, sweet 5
5 | Isoamyl acetate Banana, fruity, sweet, sugar, strawberry, orange, vanilla 36
6 | Propanoic acid, 2-methyl-, butyl ester Sweet, floral, vanilla, fruity 5
7 | Butanoic acid, 2-methylpropyl ester Fruity, sweet, alcohol, rose 7
10 | Butanoic acid, 3-methylbutyl ester Banana, fruity, sweet 6
11 | Butanoic acid, 1-methylbutyl ester Fruity, sweet, vanilla 4
12 | Butanoic acid, butyl ester Fruity, sweet, banana 10
14 | Pentanoic acid, 2-pentyl ester Sweet, fruity 4
15 | 2-Heptanol, acetate Fruity 3
16 | Propanoic acid, 2-methyl-, 3-methylbutyl ester | Fruity, sweet, banana, wood, strawberry, blueberry 23
19 | Butanoic acid, 3-methyl-, 3-methylbutyl ester Sweet, herbal, blueberry 17
22 | Acetic acid, 1,4-dimethylpent-4-enyl ester Sweet, floral, white musk 8
25 | Hexanoic acid, 2-methylpropyl ester Floral, lemon 7
26 | Butanoic acid, 2-methyl-, 3-methylbutyl ester Sweet, herbal, fruity 4
27 | Butanoic acid, 1-methylhexyl ester Floral, sweet, cheesy, spicy, musty, fruity 14
28 | unknown Garlic 2
29 | Butanoic acid, hexyl ester Sweet, floral, soapy, mushroom 11
30 | Butanoic acid, 3-methyl-, hexyl ester Sweet, floral, rose 13
31 | Isopentyl hexanoate Banana, green, floral 17
32 | Acetic acid, octyl ester Banana, floral, vanilla 10
33 | Butanoic acid,4-hexen-1-yl ester Fruity, sweet 2
34 | 3-Octen-1-ol, acetate, (2)- Sweet, floral, strawberry, rose 11
36 | Cyclohexaneethanol, acetate Mint, rose, floral, food, orange 11
37 | unknown Floral, strawberry, fruity, sweet 6
38 | Propanoic acid, 2-methyl-, 1-methylbutyl ester | Floral, wet earth 13
39 | Propanoic acid, 2-methyl-, 2-methylbutyl ester | Sweet, banana 4
40 | 5-Octen-1-ol, (2)- Fresh, floral, orange 4
41 | 3-Decen-2-ol, (2)- Floral, fruity 5
42 | Linolenic acid Floral, fresh, citrus fruits 5
43 | Elemicin Floral, wood 11

Odor-active compounds: list of compounds eluted by the GC during GC-O experiments that were

smelled by at least one of the subjects who participated in the study.
Odor description indicates the specific description that each subject gave of the odor smelled during
the GC-O experiment.
df = detection frequency (number of subjects who smelled the compound).
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