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Abstract

The sensory impact of odor-active compounds on icewine aroma could be influenced by perceptual
interactions with other odor-active compounds. The aim of this study was to establish an approach
to evaluate the contribution of odor-active compounds found in icewine considering
mixture-induced perceptual interactions. By comparing the impact of key odorants detected in
icewine following a gas chromatography—olfactometry approach with an Olfactoscan-based
methodology using a background odor of icewine, 69 odor zones were detected, and their related
compounds were further identified. The results revealed that icewine background odor could exert
odor masking or enhancement on key odorants when they are considered in the complex wine
aroma buffer. Several compounds can induce qualitative changes in the overall wine aroma. This
study underlined the efficiency of Olfactoscan-like approaches to screen for the real impact of key
odorants and to pinpoint specific compounds that could be highly influential once embedded in the
aroma buffer.

Keywords: key odorants, Olfactometer, background odor, aroma buffer, perceptual interactions
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1. Introduction

Wine flavor is built mostly on the perception of the numerous odor-active compounds found in
the wine matrix (PolaSkovd, Herszage, & Ebeler, 2008). These odor-active compounds can be
screened from a huge body of wine volatiles by gas chromatography—olfactometry (GC—O; Dunkel
et al., 2014) and further identified using a variety of separation and spectroscopic techniques, such
as comprehensive two-dimensional gas chromatography combined with time-of-flight mass
spectrometry (GC x GC-TOFMS; Lyu, Ma, Xu, Nie, & Tang, 2019). The sensory impact of
odor-active compounds can be evaluated by different GC-O procedures (De-La-Fuente-Blanco &
Ferreira, 2020), such as Aroma Extract Dilution Analysis (AEDA; Schieberle, 1995) and Detection
Frequency analysis (DF; Pollien et al., 1997). Although these GC—O procedures are pivotal to
reveal the most intense odor-active compounds when isolated, their actual sensory impact could be
influenced not only by interactions with nonvolatile compounds of the wine matrix (Sdenz-Navajas
et al., 2010) but also perceptual interactions induced by the olfactory processing of the mixture of
odor-active compounds (Thomas-Danguin et al., 2014).

Perceptual interactions between odorants have been observed in wines and other alcoholic
beverages. Esters have been shown to play a crucial role in berry fruit odor notes (Escudero, Campo,
Farifia, Cacho, & Ferreira, 2007) but also to mask or enhance fruity and floral notes at various
levels in model wine recombination (Lytra, Tempere, Le Floch, de Revel, & Barbe, 2013), and to
induce synergistic effects on the overall aroma perception of Chinese cherry wines (Niu et al., 2019).
Synergistic effects induced by aldehydes such as benzaldehyde, furfural, and vanillin were observed
in a Huangjiu aroma reconstitution (Yu et al., 2020). Individual y-lactones were unlikely to be key
aroma compounds, but combinations of some y-lactones might act additively or synergistically to

contribute to the ‘apricot’ aroma of white wine (Siebert et al., 2018). Ethylphenols had a masking
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effect on wine fruity notes even at subliminal concentrations (Tempere et al., 2016). Monoterpenes
such as linalool were found to influence the fruity aroma of Pinot Gris wine (Tomasino, Song, &
Fuentes, 2020). Furthermore, the complex mixture of the most common wine odor-active
compounds, such as ethyl esters, fusel alcohols, volatile phenols, have been suggested to be able to
exert an aroma-buffering effect that had both the ability to make unnoticeable the omission of one
of its components or the addition of many single odorants, particularly those with fruity
characteristics (Ferreira, 2010).

Because of the critical impact of perceptual interactions on wine aroma perception, the actual
contribution of odor-active compounds should be systematically checked by reconstitution, addition,
or omission procedures (Grosch, 2001). Nevertheless, the compounds tested in these procedures
have usually been selected based on GC—-O results that tend to highlight only those single
compounds at a concentration above the detection threshold, thus preventing the contribution of
subthreshold compounds or other mixture-induced perceptual effects (Atanasova et al., 2005;
Thomas-Danguin et al., 2014). New methods, such as the Olfactoscan (Burseg & de Jong, 2009;
Thomsen et al., 2017), OASIS (Hattori, Takagaki, & Fujimori, 2003), InnOscent (Villiere, Le Roy,
Fillonneau, & Prost, 2018), and Gas Chromatography-Pedestal Olfactometry (GC-PO) (Williams,
Sartre, Parisot, Kurtz, & Acree, 2009), have been developed to overcome this deficiency. The
InnOscent system is based on a chromatographic device, whose configuration allows for omission
or recombination experiments through the connection of recovery disposals to the outlets for
fraction collection. The OASIS, GC-PO, and Olfactoscan systems use an external device to deliver
more or less adjustable background odors that combine with compounds eluted from a GC-O
device at the sniffing port. These technologies can achieve online complex odor-active compounds

recombination. The differences in these technologies are mainly determined by the external device
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that produces the background odor. In Olfactoscan, the external equipment to provide the
background odor is a multichannel dynamic dilution olfactometer that allows the shaping of the
odor background in terms of composition (mixture) and intensity (dilution). Thus, it is possible to
apply the Olfactoscan technique to evaluate the contribution of each candidate key aroma
compound of a food or beverage within a well-controlled and adjustable aroma buffer.

Icewine is a rare, intensely sweet wine made from grapes naturally frozen on the vine at
temperatures below or equal to —7 °C. The icewine grape undergoes a special dehydration process
and freeze—thaw cycles, and its must for icewine making, which is pressed from frozen grapes, is a
concentrated grape juice with more sugars, acids, and other dissolved solids, resulting in
slower-than-normal fermentation. These different winemaking procedures lead to a unique aroma
characteristic of icewine (Ma, Xu, & Tang, 2021). The typical aroma of icewine has been described
as honey, tropical fruit, apricot, caramel, raisin, nutty and floral (Ma, Xu, & Tang, 2021), and more
than 80 odor-active compounds were detected by GC-O from different grape varieties (Lan et al.,
2019; Ma, Tang, Xu, & Li, 2017). The contribution of these odorants was evaluated by comparing
the dilution factors (FDs) obtained from AEDA and odor activity value (OAV), which is the ratio
between the odorant concentration in a sample and its detection threshold. Although the
contribution of the most impactful compounds has been verified by recombination studies in
icewine mixtures (Lan et al., 2019; Ma et al., 2017), the differences still remaining between aroma
reconstruction based on identified key odorants and the original wine suggested that the
contribution of some compounds, which could benefit from mixture perceptual interactions, might
have been overlooked.

The aim of this study was to establish a method based on the Olfactoscan technique to evaluate

the contribution of odor-active compounds in icewine considering complex odorant
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mixture-induced effects. We especially compared the impact of odorants detected in icewine using a
classical GC-O approach (i.e. without background odor) with those identified following the
Olfactoscan analysis using the icewine odor as the background odor. The results should help
reconsider the key status of several odor-active compounds and reveal new compounds, initially
considered minor, on the global odor profile of icewine.
2. Materials and methods

2.1 Samples

Commercial icewine was purchased from ChangYu Winery (Yantai, Shandong Province, China).
This icewine was made from Vidal grapes harvested in 2019 from the Huanren region (Liaoning
Province, China), and its quality meets the standards of the Vintners Quality Alliance system. This
icewine was chosen because the Huanren region dominates the major production of icewine in
China, and it was selected by wine experts to ensure it was typical of the wine styles in this region.
All samples were stored horizontally at 11 °C in the dark before use.

2.2 Chemicals

Absolute ethanol (>99.8%, GC grade), dichloromethane (>99.8%, GC grade), and methanol
(299.9%, GC grade) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Ultrapure water
was obtained from a Milli-Q purification system (Millipore, Bedford, MA, USA). Analytical-grade
anhydrous sodium sulfate was purchased from Sigma-Aldrich (St. Louis, MO, USA). Aroma
reference compounds (purity > 95%), which were used as standards for odor-active compounds
identification, were purchased from Sigma-Aldrich (St. Louis, MO, USA).

2.3 Aroma extraction methods

Solid-phase extraction (SPE) was used to extract volatile compounds following a procedure

modified from the one we conducted previously (Ma et al., 2017). Briefly, the extraction tube
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(LiChrolut ® EN, Merck; 500 mg of phase) was first rinsed with 10 mL of dichloromethane, then
10 mL of methanol and 10 mL of a water—ethanol mixture (11%, ethanol by volume). Then, 100 mL
of sample was filtered through the tube at a flow rate of 1 mL/min. Then, the column was rinsed
with 20 mL of ultrapure water to remove sugars, pigment, or other low-molecular-weight polar
compounds, and then the column was dried under vacuum before eluting the sorbent. To obtain the
icewine aroma extract, 10 mL of dichloromethane were used to elute organic compounds from the
extraction tube, and anhydrous sodium sulfate was added to the eluate to remove trace water.
Finally, a nitrogen stream was used to concentrate the eluate to a final volume of 0.25 mL for GC-O
or Olfactoscan analysis.

2.4 Gas chromatography—Olfactometry (GC-0) and Olfactoscan analysis conditions

GC-0 and Olfactoscan analyses were conducted on an Agilent 7890B GC (Agilent Technologies,
Santa Clara, CA, USA) coupled to a flame ionization detector (FID) and an olfactory detection port
(ODP). In comparison with GC-0O, Olfactoscan provided a constant background odor and combined
this background odor with odors eluted from the gas chromatograph at the outlet of a GC-O system
(Figure 1). Both analyses used a dynamic dilution olfactometer (OM4/b; Burghart, Wedel,
Germany), in which the outlet was connected to the ODP of the GC by a homemade T-piece to
provide a stable airflow (Barba, Beno, Guichard, & Thomas-Danguin, 2018; Burseg & de Jong,
2009). For each GC-0 and Olfactoscan analysis (Figure 1), 1 uL of icewine aroma extract was
injected into the split/splitless inlet of the GC (splitless mode, purge flow to split vent 25 mL/min at
0.5 min). The GC system was equipped with a 30 m x 0.25 mm i.d. fused silica capillary column
coated with a 0.5-um layer of polyethylene glycol (DB-Wax; Agilent Technologies); helium was
used as a carrier gas at a constant flow rate of 2 mL/min. The column effluent split to the FID and

ODP was 1:1. The injector and transfer line temperatures were set at 250 °C. The olfactory port was
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heated at 240 °C to prevent the condensation of high boiling point compounds. The oven
temperature was held at 50 °C for 2 min, increased to 240 °C at 6 °C/min, and then held at 240 °C
for 10 min. Following the GC-O configuration, the olfactometer delivered to the ODP a constant
flow of nitrogen (155 mL/min), stabilized at a temperature of 20 °C. In that case, one of the
olfactometer chambers, kept at 20°C, was filled with 40 mL of pure water to ensure a constant
humidity level of the gas stream. Following the Olfactoscan configuration, the olfactometer
delivered the same total constant flow of nitrogen to the ODP (155 mL/min), which produced a
stable icewine odor background. To generate the icewine odor, one of the olfactometer chambers,
kept at 20 °C, was filled with icewine. The icewine in the olfactometer chamber was continuously
renewed with a peristaltic pump (Gilson, Middleton, USA) at 1 mL/min to keep the icewine
background odor intensity and quality stable. Nitrogen went through the chambers at a constant
flow rate fixed at 155 mL/min, in the icewine chamber only, to generate the icewine odor at high
level (OLFH) and at a constant flow of 78 mL/min in the icewine chamber, combined with a
constant flow of 77mL/min in the water chamber to produce the icewine background odor at the
low level (OLFL); the total flow still being 155 mL/min. The different flow rates were
computer-controlled and checked before each sniffing session using an external flowmeter. The
quantitative and qualitative chemical stability of the background odor was checked before the
beginning of the experiment, with two replications. The quantitative stability was evaluated by
monitoring the total volatile content of the wine background odor using a photoionization detector
ppbRAE 3000 (RAE, Lyon, France). The results showed that the total volatile content decreased by
less than 5% during a 90-min period of monitoring, while the GC run lasted less than 45 min. The
qualitative stability was evaluated by comparing the chromatograms of two odor samples, which

were collected from the outlet of GC-O at the beginning and at the end of the GC run. The results
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showed that there was no significant change in the volatile compound profile (chromatogram)
between the two sampling times.

2.5 Subjects

Nineteen healthy subjects (24 to 65 years old) were recruited from the INRAE center and
participated in the GC-O/Olfactoscan analyses. These subjects first went through two screening
tests to evaluate: (1) their performance in detecting and identifying different odor qualities using the
European Test of Olfactory Capabilities (ETOC, Thomas-Danguin et al., 2003), and (ii) their ability
to maintain selective attention with time using the Bourdon Test (Bourdon T.L.B. test, Swets &
Zeitlinger BV, Calisse, The Netherlands). Before the actual acquisition sessions, they were also
asked to perform one sniffing training session to become familiarized with the GC-O procedure and
devices. In this familiarization session, 1 pL of a solution of eight odorants diluted in
dichloromethane (Supplementary Table 1) was injected into the GC inlet. Participants were
requested not to smoke or eat for 1 h before the session and received one gift for each session.

2.6 Gas chromatography—Olfactometry and Olfactoscan analysis

We conducted three sessions in the formal test. In the first session, we applied traditional gas
chromatography—olfactometry (GC-O) analysis to evaluate the contribution of each candidate key
aroma compound. In the other two sessions, we applied the Olfactoscan technique to evaluate the
contribution of each candidate key aroma compound within the aroma buffer of icewine at high
(OLFH) and low level (OLFL). These two levels were determined based on odor intensity as
evaluated by 3 experienced internal subjects from the laboratory staff, who tested these levels to
ensure that they corresponded to distinct low-to-moderate, and moderate-to-high, but still
comfortable, odor intensities. The Detection Frequency (DF) method was selected as the GC-O and

Olfactoscan measurement procedure. During each sniffing, subjects were asked to detect the
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presence of an odor by pushing a button rapidly as soon as they perceived it and trying to give a
descriptor that was as accurate as possible of the perceived odor. The responses were recorded by a
Gerstel Olfactory Detection Port Recorder system (Gerstel GmbH & Co., Miilheim, Germany), and
audio tracks were recorded via a microphone simultaneously with the response recordings. The
duration of each sniffing was 35 min, starting after solvent elution. By comparing the results
obtained through GC-O analysis and Olfactoscan, the contribution of each compound to the global
odor profile of icewine can be evaluated considering odor mixture-induced effects in icewine.

2.7 Data process for detection frequency (DF) method

The data obtained in GC-O and Olfactoscan were processed using the DF method (Pollien et al.,
1997) to perform an overall grouping of all the responses given by all the subjects into Odor Zones
(OZs) on the basis of their retention time closeness. Because of the background odor in Olfactoscan,
it was more difficult to determine OZs; thus, a semiautomatic method was established to define and
standardize the OZs between GC-O and Olfactoscan. The GC-O result of the odor cocktail solution
(Supplementary Table 1) in the training session and the GC-O result of the icewine extract were
used to optimize different parameters of the semiautomatic method to obtain the OZs as precisely as
possible. In this semiautomatic method, retention time was first transferred to Kovats retention
indices (RIs) by means of n-alkane injections (C8—C32), and then the detection frequency was
calculated from the number of odor events that occurred in a range of 5 RI values. This integration
process was applied because of the variability of subject response times. Then, the detection
frequency as a function of the RI was analyzed by R software (version 4.0.1) using the findPeak
function of the quantmod package (Ryan et al., 2020) to determine detection frequency peaks. In
this procedure, a noise level of 3 for frequency was chosen as a threshold to consider a significant

peak corresponding to an OZ. The obtained OZs were further manually checked in the raw data to
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evaluate whether any important OZs were missing or duplicated considering the odor descriptors
given by the subjects. Finally, OZs from GC-O and Olfactoscan analysis were defined, and each
OZ was characterized by: 1) its nasal impact frequency (NIF, %), which corresponded to the
proportion of detection by the panelists of each OZ (number of subjects who detected / total number
of subjects) c; 2) its odor descriptors given by subjects; and 3) the first, last and average retention
indices of the response given by the subjects.

2.8 Identification of the impact compounds

The compounds responsible for OZs were identified by: 1) GC-MS (Ma et al., 2017) and
comparing the RI and odor descriptor of a candidate compound with the RI and odor descriptor of
its pure standards under the same GC conditions as GC-O; 2) comparing the odor descriptor of a
candidate compound with its odor descriptor reported in the database; 3) comparing the
experimental RI of a candidate compound with its RI reported in the National Institute of Standards
and Technology (NIST) mass spectral library and 4) comprehensive two-dimensional gas
chromatography and time-of-flight mass spectrometry (GC x GC-TOFMS) analysis.

GC x GC-TOFMS analysis was performed on a LECO Pegasus 4D® GC x GC-TOFMS
instrument (LECO Corporation, St. Joseph, MI, USA), basically consisting of an Agilent GC model
7890B, LECO dual nozzle thermal modulator system, and secondary column thermostat connected
to a time-of-flight mass spectrometer. A polar column DB-FFAP (60 m x 0.25 mm x 0.25 pm,
Agilent Technologies, Santa Clara, CA, USA) was used as the first-dimension (1% D) column, and a
medium polarity column Rxi-17Sil MS (1.5 m x 0.25 mm x0.25 um; Restek, Bellefonte, PA, USA)
was used as the second-dimension (2" D) column. After optimizing several GC x GC parameters by
raising the rate of column temperature and modulation period, the following GC x GC conditions

were used. Split injection (1.0 pL.) was applied, and the split ratio was set as 5:1. The initial
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temperature of the primary oven was held at 40 °C for 1 min, programmed at 10 °C/min to 85 °C
for 1 min and then raised at 4 °C/min to 135 °C for 1 min, then at 3 °C/min to 210 °C for 1 min, and
finally programmed at 8 °C/min to 240 °C for 15 min. The secondary oven temperature was 5 °C
higher than the primary oven during the chromatographic run. The modulator temperature was
offset +15 °C from the primary oven, and the modulation time was set at 3 s (0.5 s hot, 1.0 s cold
pulses). Helium (99.999%) was used as the carrier gas at a constant flow of 1.0 mL/min. The
temperatures of the GC injector and the transfer line were set to 240 °C. The ion source was
programmed at 230 °C and EI voltage at 70 eV. An electron multiplier at 1400 V, a mass range of
m/z 30-400, and an acquisition frequency of 100 spectra/s were programmed. LECO ChromaTOF®
Workstation (version 4.44) was used for acquisition control and data processing. Automated peak
detection and spectral deconvolution were employed. The baseline signal was drawn just above the
noise and the segmented signal-to-noise (S/N) for peak picking was set at 200:1 for a minimum of 2
apexing masses. Within individual chromatograms, subpeaks in the 2"¢ dimension were required to
meet a S/N >6 and a minimum spectral similarity match of 650 (65%) to be combined. The
reference peak was determined by the unique mass ion and the overall purity and shape of the peak.
All chromatograms were compared spectrally with the reference peak chromatogram from the NIST
Mass Spectral Library and Wiley Registry™ of Mass Spectral Data Library. The mass spectra of a
reference peak with similarity scores greater than 700 were selected as candidate peaks, and its
name was assigned to the automated peak detection result. Kovats retention indices (RIs) of peaks
were calculated by injection of a reference solution of n-alkanes under the same GC x GC
conditions (C8—C29). The RI of each peak was compared with its RI reported in the NIST library,
and peaks with RI differences exceeding 20 units were excluded from the peak identification.

2.9 Data analysis
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Statistical analyses were performed with R software (version 4.0.1). Principal component analysis
(PCA) was carried out on the nasal impact frequency (NIF, %) of every odor descriptor for the high
impact odor peaks over the icewine background odor level by using the prcomp function of the
tempR package (Castura, 2016). The PCAs were used to provide a global representation of the
trajectory of impact odor peaks in relation to the evolution of odor descriptors based on the first and
second principal components. The categorized odor descriptors trajectories in each impact odor
peak are illustrated by connecting three different icewine background odor levels. The icewine
background odor levels were none for GC-O analysis, low level for Olfactoscan analysis (OLFL)
and high level for Olfactoscan analysis (OLFH).

3. Results and discussion

3.1 Odor zone defined in GC-0O and Olfactoscan analysis by the detection frequency (DF)
method

A total of 2430 odor events were recorded from 19 subjects during all the analysis methods.
These events were distributed as follows: GC-O analysis (GCO, 820), Olfactoscan analysis at a low
background odor level (OLFL, 870), and Olfactoscan analysis at a high background odor level
(OLFH, 740). The raw detection frequency data are reported in Figure 2a for each analysis method.
A first observation is that the number of odor events in the OLFH method is lower than in other
methods, suggesting a mixture-induced masking effect of the icewine background odor on the
detection of odorants. A semiautomatic method was applied to define the odor zones (OZs) in each
analysis condition. First, an automatic peak detection function led to the identification of 75 OZs in
GCO, 65 OZs in OLFL, and 56 OZs in OLFH. The frequency of the highest peaks for these OZs is
illustrated in Figure 2b based on the average RI. The OZs identified following automatic detection

were then manually checked to ensure that no important OZs were missing or that duplicated OZs
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were mistakenly considered. This manual check was conducted for two main reasons. First, there
can be coelution of odorants in a narrow RI range so that two different odor events generated by the
same subject can be grouped into a single OZ. In that case, the OZs were separated or pooled based
on the events' RI and odor descriptors. For example, the OZ with an RI range from 1470 to 1500
was manually separated into two OZs (1470-1485 and 1485-1500). Second, there can be an intense
odor that might be lasting for a long time so that more than one odor event would be generated by
the same subject. Thus, the OZs that had close Rls (+ 10) and were described with the same odor
descriptor were combined into a single OZ. For example, the two OZs (1345-1355 and 1355-1365)
were combined into one OZ (1345-1365). The RI range (+ 10) was selected based on the GC-O
analysis of the odor cocktail solution performed in the training session (Supplementary Table 1),
which showed that for an intense odor, the RI range can be from 15 to 30. A threshold frequency
above or equal to 4, corresponding to a proportion of 20%, was used to remove noise from the
results. In previous reports (Barba et al., 2018; Machiels, Istasse, & van Ruth, 2004), various
threshold values from 12.5% to 40% were selected as the noise level. In the absence of any clear
recommendations and based on the GC-O result of the odor cocktail solution performed in the
training session, a threshold of 4 was chosen to avoid excluding too many OZs. After manual
checking, a total of 69 OZs were considered from all the analysis methods and distributed as
follows: GC-O (66), OLFL (65), and OLFH (60). The final OZ data are represented in Figure 2c
based on average Rls and reported in Table 1.

3.2 Peak identification and odor-active compound contribution in GC-0O and Olfactoscan
analysis

To identify the odor-active compounds responsible for each OZ obtained in GC-O and

Olfactoscan analysis, GC-MS and GC x GC-TOFMS analyses were conducted. The identification
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of several compounds was further checked through injection in GC-MS of pure standards under the
same GC conditions as in GC-O (marked by ‘S’ in Table 2). Finally, 57 OZs were associated with
63 compounds identified by GC-MS and GC x GC-TOFMS analysis; there was coelution for 4
OZs. These results were confirmed by injection of pure standards under the same GC conditions
(Ma et al., 2017). The OZs that failed to be related to the compounds identified by GC x GC-
TOFMS analysis were defined by at least two of the following methods: 1) comparing the RI and
odor descriptor of a candidate compound with the RI and odor descriptor of its pure standards under
the same GC conditions; 2) comparing the odor descriptor of a candidate compound with its odor
descriptor reported in The Good Scents Company database; and 3) comparing the experimental RI
of a candidate compound with the RI reported in the NIST Mass Spectral Library. The OZ
identification results are given in Table 2. Due to different GC conditions in the GC-MS and
GC x GC-TOFMS analyses, the RI of several compounds calculated from the detection response
obtained in the GC-MS analysis was different from the RI calculated from the GC x GC-TOFMS
analysis. To highlight these compounds with different RI but double-checked with the injection of
standard compounds, we tagged them with a **’ in Table 2.

Detection frequency (DF) or nasal impact frequency (NIF, %) was used to evaluate the
contribution of OZs identified in icewine by GC-O analysis without background odor (GCO) or
Olfactoscan analysis with background odor (OLFH, OLFL). Although the NIF value is not a direct
measurement of the perceived odor intensities, it increases with intensity and concentration (Pollien
et al., 1997). Therefore, the NIF can be used to compare peak intensities between different
compounds. Based on GC-O results of the odor cocktail solution performed in the training session,
the compounds with DF > 12 or NIF > 60% were considered as high impact compounds; they are

marked in purple in Figure 2c.
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There were 12 OZs, 10 OZs, and 11 OZs considered to have a high impact in the GCO, OLFH,
and OLFL analyses, respectively. Among these OZs, 7 OZs were in common in the three analyses.
The compounds associated with these peaks were 3-methyl-1-butanol (peak 12), 3-methylbutanoic
acid (peak 39), 2-acetyl-1-pyrroline (peak 18), 2-methylbutanoic acid (peak 36), acetophenone
(peak 36), methional (peak 27), 1-octen-3-one (peak 17) and guaiacol (peak 48). For peak 36, there
might be two compounds for the OZ since they were eluted at very close RI based on the GC x GC—
TOEFMS result. Among other high odor impact compounds, 2-ethyl-3,5-dimethylpyrazine (peak 25)
was identified in GCO and OLFL analyses with the same NIF (63.2%), but it was detected in OLFH
analysis with a lower value (NIF = 57.9%). Ethyl isobutyrate (peak 1, NIF = 73.7%), geraniol (peak
46, NIF = 68.4%), -damascenone (peak 46, NIF = 68.4%), 3-mercapto-1-hexanol (peak 46, NIF =
68.4%), eugenol (peak 59, NIF = 63.2%) and ethyl butyrate (peak 4, NIF = 63.2%) were only
identified as high impact compounds in GC-O. Interestingly, most of these compounds had fruity or
sweet-like odors that would likely be masked by the wine background odor in OLF analyses. For
peak 46, there might be three compounds for the OZ since they were eluted at very close RI based
on the GC x GC-TOFMS result (see Table 2). The high-impact odorants found only in OLFH
(phenylethyl alcohol, 2-methyl-1-propanol, 1-hexanol) and OLFL (hotrienol, nerol oxide,
(£)-3-hexen-1-ol) were also detected in GC-O analysis, but at lower NIF values (from 47.4% to
57.9%).

3.3 Mixture-induced effect of icewine background odor on the detection and identification
of odor-active compounds

The mixture-induced effect of icewine background odor on the detection of odor-active
compounds was evaluated by comparing the NIF value between GC-O analysis (without icewine

background odor) and Olfactoscan analysis (with icewine background odor at high, OLFH, and low
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levels, OLFL). Since a threshold value (20%) was applied to consider significant NIF in the
identification of OZs, the same threshold (DF = 4) was applied to consider a significant NIF
difference between GC-O and Olfactoscan. If an OZ’s NIF in Olfactoscan was significantly lower
than the NIF in GC-O, the icewine background odor induced a masking effect for this OZ.
Conversely, if an OZ’s NIF in Olfactoscan was significantly higher than the NIF in GC-O, the
icewine background odor induced an enhancement of the perception of this OZ, likely due to
additive, synergy, or blending effects (for a review of these mixture effects see, e.g.,
Thomas-Danguin et al., 2014).

The results showed that with a high level of icewine background odor (OLFH), the NIF value of
18 OZs decreased significantly (from —21.1% to —57.9%), which indicated that these OZs were
masked by the icewine odor. The NIF of 4 OZs increased significantly (from +21.1% to +42.1%),
which indicated an enhancement effect of the icewine odor on these OZs. The contrast between
OLFH and GCO data is illustrated in Figure 3a, thus highlighting the influence of the icewine odor
on each OZ. The compounds associated with the most importantly masked OZs were ethyl
isobutyrate (peak 1, NIF decrease in OLFH —-57.9%), ethyl isovalerate (peak 6, —42.1%), ethyl
butyrate (peak 4, —=36.8%), isoeugenol (peak 67, —36.8%), 3-methyl-1-butanol (peak 12, —-31.6%),
eugenol (peak 59, —-31.6%), 2-acetylthiazole (peak 37, —31.6%), benzeneacetaldehyde (peak 35, —
31.6%), y-undecalactone (peak 63, —31.6%) and isobutyl acetate (peak 3, —31.6%). The compounds
associated with OZs that benefited from enhancement with the icewine odor were methional (peak
27, 4+21.1%), diethyl succinate (peak 38, +21.1%), and phenol (peak 52, +21.1%). Moreover, peak
66 was considered nonsignificant in GCO since its NIF value was 10.5%, but in OLFH, its NIF was
52.6%. Three compounds, namely, 9-decenoic acid, geranic acid, and isophytol, might be related to

this peak based on GC x GC-TOFMS analysis, Rls, and odor descriptors.
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At a low level of icewine background odor (OLFL), a masking effect occurred for 11 OZs, with a
decrease in NIF values compared to GC-O in the range of 21.1% to 57.9%. Enhancement occurred
for 6 OZs with an increase in NIF of 21.1% to 26.3% (Figure 3b). The compounds associated with
the OZs that were masked in OLFL were ethyl isobutyrate (peak 1, -57.9%), ethyl butyrate (peak 4,
—47.4%), ethyl isovalerate (peak 6, —36.8%), 3-methyl-1-butanol (peak 12, -31.6%), geraniol (peak
46, —31.6%), f-damascenone (peak 46, —31.6%) and 3-mercapto-1-hexanol (peak 46, —31.6%). The
compounds associated with OZs in enhancement with the icewine odor were guaiacol (peak 48,
+26.3%), 1-heptanol (peak 26, +26.3%), y-heptalactone (peak 44, +26.3%), ethyl pyruvate (peak 15,
+21.1%) and methional (peak 27, +21.1%). Peak 13 was also found to benefit from enhancement
(+26.3%), and 2 odorants (2-pentylfuran and 2-hexanol) might contribute on the basis of GC x GC—
TOFMS analysis, RIs, and odor descriptors.

We observed that 8 OZs were masked at both icewine background odor levels (peaks 1, 3, 4, 6,
12, 35, 59, 63; red color in Figure 3c) and that 1 OZ was enhanced at both levels (methional, peak
27); 39 OZs were not influenced by the background odor regardless of the level (black color in
Figure 3c). Nevertheless, the results also showed that the mixture-induced effects caused by the
icewine background odor were level-dependent (Figure 3d). Indeed, between OLFH and OLFL, as
the concentration of icewine background odor mixture decreased, the DF of 10 OZs increased,
while the DF of 6 OZs decreased. In OLFH, 10 OZs were masked only at high concentration (peaks
5,14,22,37,42,53, 54, 64, 67, 68, purple color in Figure 3c); 2 OZs were enhanced only at high
concentration (peaks 38, 52; light blue color in Figure 3c); 3 OZs were masked at low concentration
(peaks 18, 46, 55; rose color in Figure 3c); and 5 OZs were enhanced at low concentration (peaks

13, 15, 26, 44, 48; light green color in Figure 3c). We did not observe any OZ that was masked at
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one concentration but enhanced at the other concentration. This comparison between GC-O and
Olfactoscan is visualized in Figure 3¢ and Figure 3d.

In addition to mixture-induced intensity effects such as masking and enhancement, the
Olfactoscan approach provides cues about the modification of odor quality of odor-active
compounds once embedded in the icewine odor. To investigate these odor quality modifications, the
descriptors provided by the subjects during GC-O and Olfactoscan runs were categorized into 10
categories based on an adapted version of the wine aroma wheel (Supplementary Figure 1) proposed
by Noble (Noble et al., 1987). The categories are as follows: caramelized, chemical, earthy, floral,
fruity, microbiological, nutty, spicy, vegetative, and woody. Two categories of the original wine
aroma wheel (pungent and oxidized) were not considered relevant for icewine. When no descriptor
was provided by subjects for an odor event, a category “not identified” was used, and when the OZ
was not detected, it was categorized as “not detected”. Individual responses within GCO, OLFH,
and OLFL analyses were dispatched in the 10 categories and expressed as percentages. Principal
component analysis (PCA) was conducted to follow odor quality modification induced by the
background odor for the high impact OZ (NIF> 60%). The first 2 dimensions of PCA accounted for
34% of the total variance, which increased to 55.7% when the first 4 dimensions were considered.
The PCA maps are presented in Figure 4 as trajectories of odor quality evolution as a function of the
odor background level. The starting point was the GC-O analysis, i.e., with no background odor of
icewine, then was the low level of icewine odor (OLFL), and finally was the high level of
background odor (OLFH).

As a first observation, peak 7 (2-methyl-1-propanol), peak 17 (1-octen-3-one), peak 19
(1-hexanol), peak 28 (nerol oxide), peak 36 (2-methylbutanoic acid, acetophenone), and peak 39

(3-methylbutanoic acid) did not move widely on the first 2 planes of the PCA, meaning that the
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odor of these compounds was not very affected by the icewine background odor and that their
characteristic odor was still highly recognizable even with a high level background icewine odor.
The same conclusion can be suggested for peak 18 (2-acetyl-1-pyrroline), peak 25
(2-ethyl-3,5-dimethylpyrazine) and peak 49 (phenylethyl alcohol) since their trajectories are least in
the first PCA plot. The trajectories for peak 1 (ethyl isobutyrate), peak 4 (ethyl butyrate), peak 12
(3-methyl-1-butanol) and peak 59 (eugenol) obviously changed from right to left in Figure 4a,
which confirmed the masking of the odor of these compounds by increasing levels of the
background odor as previously observed. Therefore, it is likely that the odor of these compounds
blended with the aromatic buffer of the icewine odor that contained relatively high concentrations
of ethanol, ethyl esters, fusel alcohols, and volatile phenols (Escudero et al., 2004). Interestingly, for
3-methyl-1-butanol (peak 12), not only did the increasing levels of icewine odor mask the
perception of its characteristic odor, but it seems that its odor quality also changed from floral-sweet
to fruity. Conversely, the trajectories of peak 48 (guaiacol) and peak 27 (methional) changed from
left to right in Figure 4a, in line with the previously observed enhanced effect for these peaks. For
peak 27, the vegetative odor of methional seemed to be maintained in the icewine aroma buffer,
while the woody odor of guaiacol likely changed to a more floral or caramelized odor. For peak 21
((Z)-3-hexen-1-ol) and peak 34 (hotrienol), as the background icewine odor level increased, their
descriptors changed to a fruity aspect.

3.4 General discussion

Odor-active compounds in Vidal icewine have been previously identified through the AEDA
approach followed by recombination and omission tests (Ma et al., 2017). In the present study,
based on the same wine (but different vintage) using the same extraction method, we chose the DF

approach, which was the only method that can be efficient for the Olfactoscan condition. Indeed,
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due to the odor background in this condition, a threshold-based method could not be selected, and a
method relying on odor intensity rating would have been too cognitively demanding for the
panelists and likely weakly sensitive. In previous research, it was suggested that the results obtained
by DF readily reflected odor intensity (Pollien et al., 1997; Van Ruth, 2001), and this method could
be more rapid and more repeatable than AEDA (Delahunty, Eyres, & Dufour, 2006), while results of
both methods were found highly correlated (Le Guen, Prost, & Demaimay, 2000). Comparing the
odor-active compounds identified by DF with those previously obtained by AEDA (Ma et al., 2017),
we found that 76% of the compounds with a flavor dilution factor above or equal to 9 in AEDA
were well detected by DF, with NIF values above or equal to 47.4%, and 21% of odor-active
compounds with NIFs from 21.1% to 36.8%. Only one compound, ethyl acetate, was not detected
by DF, which can be explained by the fact that this compound was eluted before the solvent and
thus not delivered at the olfactory port. Indeed, the whole gas flow at the sniffing port was sucked
back by the olfactometer until the end of the solvent peak to prevent panelists from inhaling
dichloromethane. Compared to AEDA, the DF method allowed detection of more OZs, and some of
these OZs showed a high contribution, such as peak 1 (ethyl isobutyrate, NIF = 73.7%), peak 18
(2-acetyl-1-pyrroline, NIF = 89.5%), peak 25 (2-ethyl-3,5-dimethylpyrazine, NIF = 63.2%), peak
36 (2-methylbutanoic acid/acetophenone, NIF = 78.9%), peak 39 (3-methylbutanoic acid, NIF =
94.7%) and peak 59 (eugenol, NIF = 63.2%). The identification of these compounds might be due
to the difference in the samples between the two studies (same icewine but different vintages) or to
the limited number of subjects involved in the AEDA (2 to 4; (Ma et al., 2017). Indeed, the
sensitivity, discrimination ability, risk of inattention, and specific anosmia of the sniffers could
result in missed peaks (Pollien et al., 1997). Another difference between AEDA and DF concerned

peak 46. In AEDA, the flavor dilution factor of this peak was the highest, as large as 2187; however,
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in the DF method, its NIF was not the highest, only 68.4%. This difference might be explained by
subjects’ sensitivity, since the AEDA method is based on detection thresholds, and/or by
suprathreshold sensitivity as reflected by Steven's power function slope, which can be low, meaning
that the increase of odor intensity as a function of concentration is small. Notably, f-damascenone
was identified as a putative odor-active compound responsible for peak 46. This compound has both
a very low detection threshold (0.002 pg/l in water; Buttery, Teranishi, Flath, & Ling, 1989) and a
low Steven's power function slope (Ferreira, 2010). Nevertheless, GC x GC-TOFMS analysis
indicated that geraniol and 3-mercapto-1-hexanol were also candidate odorants for peak 46 since
they were eluted at very similar RI.

As a major result, the present study showed that although odor-active compounds can be considered
to have a significant aroma contribution when they are separated, their perception can be influenced
by a mixture-induced effect (Ferreira, 2012; Ma, Tang, Xu, & Thomas-Danguin, 2021;
Thomas-Danguin et al., 2014) , so that their odor contribution might be very different when they are
embedded in the complex aroma of icewine. Roughly, we observed that 57% of the odor-active
compounds were not highly affected by mixture effects, while 30% were masked and 13% benefited
from enhancement. Previous research based on binary mixture models showed that synergy, or
hyper-addition, is rare but may occur mostly at low-intensity levels (Ferreira, 2012). In our study,
we observed only a few cases of increase in the NIF for a compound when it is added to the
complex odor mixture formed by the icewine aroma delivered under OLF conditions; we
considered that such an NIF increase would be indicative of hyper- or partial-additive enhancement
effects. Based on our experimental protocol, we cannot affirm that a hyper-addition occurred since
partial addition can also explain our observations. Indeed, partial addition could have been induced

by the amount of the target compound actually present in the icewine background odor.
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Nevertheless, our results indicated that enhancement (hyper- or partial-addition) appeared mostly in
OZ, which had a relatively low NIF (< 31.6%), and in the OLFL condition (67% of cases), in which
a low level of icewine background odor was delivered. Among the compounds for which
enhancement was observed, the Olfactoscan analysis highlighted several odorants that were not
considered in the GC-O analysis because their contribution was below the noise threshold.
2-Pentylfuran and/or 2-hexanol (peak 13), y-heptalactone (peak 44), and 9-decenoic acid and/or
geranic acid and/or isophytol (peak 66) benefited from enhancement and were thus only considered
impact odorants under the mixture conditions. Interestingly, these compounds were not considered
icewine key odorants before because they had not been detected by AEDA (Ma et al., 2017).
Strikingly, only one compound (methional, peak 27) benefited from enhancement with the icewine
background odor at both low and high levels. This compound was already considered a high-impact
odorant in GC-0O, but its impact likely increased when embedded in icewine aroma buffer.
Moreover, the vegetative usually cooked potato-like odor of methional seemed to be maintained in
the icewine aroma buffer. This odorant, which is related to oxidation or aging in fermented
beverages (Escudero, Hernandez-Orte, Cacho, & Ferreira, 2000), was found to be involved in
perceptual interactions in binary mixtures (Burseg & de Jong, 2009). However, its detection
probability in such simple mixtures was already proven to be strongly dependent on the compound
with which it was mixed, suggesting highly intricate interactions in the case of complex mixtures.
Guaiacol is another odorant that benefited from enhancement with the icewine odor, but in contrast
with methional odor, we observed a shift in odor quality under OLFL conditions, suggesting that
this compound interacted with the icewine odor at low intensity to contribute to a floral or
caramelized character. This compound associated with the woody character of wine was found to

develop perceptual interactions with the fruity component of wine (Atanasova, Thomas-Danguin,
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Langlois, Nicklaus, & Etievant, 2004). In particular, at low background concentration level,
guaiacol could boost fruity character, while at higher concentration level, the woody odor could be
perceived at the expense of fruity odor (Atanasova et al., 2005).

Wine aromatic buffer has previously been reported to be able to suppress the effect of many
odorants added to it, particularly those with fruity characteristics (Escudero et al., 2004; Ferreira,
2010). Our results confirmed that several odorants carrying a fruity or floral-like odor were masked
once in the wine background odor. Several of these compounds had a relatively high NIF in GC-O
(3-methyl-1-butanol, ethyl isobutyrate, ethyl butyrate, and eugenol), meaning that they can be
identified as high impact odorants. However, once in the complex wine mixture, their impact would
be much lowered, or they may have a similar odor quality contribution to the overall fruity/floral
icewine odor. Such a general contribution has been proposed following the concept of aroma
vectors (Ferreira et al., 2016), supported, for instance, by the idea that the contribution of several
ethyl esters can be mimicked by only one of them (De-La-Fuente-Blanco, Sdenz-Navajas, Valentin,
& Ferreira, 2020). Enhancement has also been reported to be able to occur between these ethyl
esters (Lytra et al., 2013; Niu, Liu, & Xiao, 2020), which reinforces the idea that they contribute to
a general fruity character. In the case of 3-methyl-1-butanol, we found that it remained a high
impact odorant even in the icewine odor but that in the complex mixture, the odor quality associated
with its OZ changed to a more fruity-sweet character. This result is in line with previous reports
demonstrating that 3-methyl-1-butanol can indirectly impact wine odor quality and contribute to the
aromatic complexity of wine depending on its concentration, although it was shown to mask fruity
odor notes in model solutions. (Cameleyre, Lytra, Tempere, & Barbe, 2015).

Since the central aim of this study was to assess the contribution of odor-active compounds found

in icewine considering odor mixture-induced interactions, we have chosen to use an extraction
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542  method (SPE) that provided a “total extract”. This methodological choice was made to test our

543  hypothesis that odor-active compounds, actually found in the wine but usually not considered,

544  might have been overlooked because their potential importance might only be observed in complex
545  odor mixture conditions. However, it is known that, if such extraction methods can extract up to 100%
546  of the odor-active compounds present in the original product, they do not provide a representative
547  sampling of those compounds transferred to the vapor phase at very different proportions,

548  depending on their specific volatilities and their interactions with the product matrix

549  (De-La-Fuente-Blanco & Ferreira, 2020). Therefore, it cannot be ruled out that some of the

550 compounds (e.g., polar compounds) considered in the present study might have been overestimated,
551  and further studies should investigate the sensory impact of the newly highlighted compounds in the
552  overall icewine aroma.

553 4. Conclusions

554 This study is among the very first attempts to evaluate the contribution of odor-active compounds
555  considering the mixture-induced effect on a complex aroma (here icewine). This study relies on the
556  Olfactoscan set-up, which allowed us to consider the impact of a single odorant on the global aroma
557  online during GC-O analysis. To analyze the data, a semiautomatic method was used to allow the
558 identification of odor zones in a similar way both in GC-O and Olfactoscan approaches based on
559  the detection frequency method. The results showed that considering a key odorant in the
560  background odor of icewine could reveal mixture-induced effects such as masking or enhancement,
561  resulting in a lower or higher detection probability of the characteristic odor of this compound or in
562  amodification of the overall wine aroma supporting qualitative perceptual interactions. In that sense,
563  the Olfactoscan approach can lead to reconsider the impact of key odorants and reveal specific

564  compounds that could be highly influential, through masking, partial-addition, or hyper-addition,
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once embedded in the aroma buffer. Nevertheless, this study also stressed the high complexity of

perceptual odor interactions in real food and beverages, which advocates for the development of

systematic research studies to better understand the impact of a compound, or a group of
compounds, in complex aroma mixtures.
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Figure captions

Figure 1 Schematic representation of the GC—O and Olfactoscan analysis, and GC x GC-TOFMS
analysis for Vidal icewine.

Figure 2 Results of detection frequency data processing for data obtained in GC—O and Olfactoscan
analysis of Vidal icewine. Graphs were arranged according to analysis methods (column) and data
processing methods (row). For each column of graphs: GCO refers to GC—O analysis; OLFH refers
to Olfactoscan analysis within the aroma buffer of icewine at a high concentration; OLFL refers to
Olfactoscan analysis within the aroma buffer of icewine at a low concentration. The numbers refer
to the identity of odorants, as given in Table 2. The top graphs (a) illustrate the detection frequency
raw data for each analysis method; the middle graphs (b) illustrate the nasal impact frequency

(NIF, %) of the highest peaks for odor zones (OZs) based on average Rls, which were defined in a
semiautomatic method for each analysis method; and the bottom graphs (c) illustrate the final OZs
based on average RIs after manual checking. Only OZs with NIF >20% (4/19) were considered in
the final OZ data, and the OZs with NIF > 60% (12/19) were marked as high impact (in purple
color); otherwise, they were marked as normal impact (in light blue).

Figure 3 Nasal impact frequency (NIF, %) comparisons between GC—O and Olfactoscan analysis
of Vidal icewine. An NIF difference above 20% (4/19) was considered a threshold for a significant
mixture-induced effect for a peak. The numbers refer to the identity of odorants, as given in Table 2.
(a) The NIF difference between GC—-O analysis and Olfactoscan analysis within the aroma buffer of
icewine at a high concentration. If the NIF for OLFH was significantly lower than the NIF for GCO,
a masking effect (in purple color) occurred; if the NIF for OLFH was significantly higher than the
NIF for GCO, enhancement effect (in light blue color) occurred. (b) The NIF difference between

GC-O0 analysis and Olfactoscan analysis within the aroma buffer of icewine at a low concentration.
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The NIF difference between GC—-O analysis and Olfactoscan analysis at both high and low
concentrations. (¢) The peak of GC—O analysis and the effect occurring within the aroma buffer of
icewine for each peak are marked. The effects including masking occurring at both concentrations
(in red); enhancement occurring at both concentrations (in dark blue); masking occurring at high
concentration (in purple); enhancement occurring at high concentration (in light blue); masking
occurring at low concentration (in pink); enhancement occurring at low concentration (in light
green); and no significant effect occurring at either concentration (in black). (d) Peak of Olfactoscan
analysis within the aroma buffer of icewine at high (deep orange) and low (light orange)
concentrations. E.g.: For the NIF of peak 11, the aroma buffer of icewine at high level was marked
in deep orange and the aroma buffer of icewine at low level was marked in light orange, the NIF at
low level (47.4%) is higher than the NIF at high level (21.1%).

Figure 4 Principal component analysis (PCA) biplot of Vidal icewine showing the descriptor
trajectories of highly impacted odor peaks (NIF> 60%) over icewine background odor levels: zero
level (GCO), low level (OLFL) and high level (OLFH). The beginning of the trajectory was GCO
data (position at the peak number), the end of the trajectory was OLFH data (position at the solid
dots), and the turning point was OLFL data. The numbers refer to the identity of odorants, as given
in Table 2. (a) The first 2 dimensions of the PCA map of odor descriptors. (b) The 3™ and 4™

dimensions of the PCA map of odor descriptors.
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Table 1 Odor Zones (OZs) of Vidal Icewine determined in GC—O and Olfactoscan Analysis by Detection Frequency (DF) Method. NIF (%)

corresponded to the proportion of detection for each OZ.

0Y4 Retention indices (RI) NIF (%), n=19 Odor descriptor
number Average Start End GCO OLFH OLFL GCO OLFH OLFL
strawberry, strawberry,
1 980 970 990 73.7 15.8 15.8 honey change
fruity, potato
2 1008 1000 1015 52.6 36.8 42.1 plastic, solvent increase, rubber new odor, nut, plastic
3 1020 1015 1025 42.1 10.5 15.8 flowery, pineapple change cassis
4 1048 1040 1055 63.2 26.3 15.8 fruity, plastic, solvent change fruity
5 1068 1060 1075 52.6 26.3 42.1 strawberry fruity increase prune, strawberry
cabbage, caramel, fruity,
6 1088 1080 1095 579 15.8 21.1 change change
orange, solvent
alcohol, apple, fruity,
7 1115 1105 1125 579 63.2 52.6 plastic, nut nut, plastic

plastic
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11
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13

14

15

16

17

18

1135

1153

1170

1193

1215

1235

1255

1283

1305

1318

1335

1130

1145

1160

1185

1200

1230

1245

1275

1300

1310

1325

1140

1160

1180

1200

1230

1240

1265

1290

1310

1325

1345

31.6

36.8

36.8

36.8

100.0

15.8

57.9

26.3

21.1

63.2

89.5

26.3

36.8

47.4

21.1

68.4

15.8

31.6

31.6

26.3

68.4

89.5

31.6

26.3

42.1

47.4

68.4

42.1

42.1

47.4

26.3

68.4

63.2

banana, cabbage

flowery, fruity

banana, caramel, chocolate,
fruity, strawberry

baked, baked vanilla
cheese, flowery, caramel,
chocolate, sour

fruity

fruity, strawberry

caramel

apple peel, fruity
mushroom

baked cocoa, bread, fruity,

nut, roasted nut, sour

36

metallic

flowery, fruity increase
flowery, fruity increase,
red wine, sour

change

ethanol, fruity increase,
increase, strawberry jam
change

fruity increase

alcohol

flowery

mushroom, potato
curry, fruity, meaty soup,

nut roasted

change

change

change

caramel increase, sweet

flowery, increase

change

flowery increase
flowery increase

nut

mushroom, fruity
mushroom, new odor,

nut, plastic




19

20

21

22

23

24

25

26

27

28

1355

1373

1400

1415

1425

1438

1453

1465

1478

1490

1345

1365

1390

1410

1420

1430

1445

1460

1470

1485

1365

1380

1410

1420

1430

1445

1460

1470

1485

1495

47.4

47.4

57.9

31.6

47.4

26.3

63.2

21.1

68.4

57.9

63.2

31.6

57.9

10.5

57.9

36.8

57.9

36.8

89.5

47.4

52.6

36.8

63.2

31.6

47.4

42.1

63.2

47.4

89.5

63.2

baked pine
flowery, menthol cheese, tablet
alcohol, passion fruit,
cake, grass, herb

plastic, strawberry
fruity change

flowery, fruity, mushroom,
mushroom

plastic
solvent fruity change, increase

flowery, nut increase,
baked, coffee, coffee

roasted hazelnuts, toast
unknown malty, plastic, roasted
potato, cooked potato, soy

potato, cooked potato

sauce

animal, curry, sweet pine

37

change

fruity, rose

grass

rose

cabbage, nut

change

fruity, nut

fruity, new odor, nut
animal food, cooked
potato, potato

fruity, mint candy,




29

30

31

32

33

34

35

36

37

1503

1518

1533

1565

1583

1600

1628

1650

1665

1495

1510

1525

1555

1575

1590

1615

1640

1660

1510

1525

1540

1575

1590

1610

1640

1659

1670

47.4

31.6

26.3

47.4

36.8

57.9

52.6

78.9

57.9

36.8

15.8

36.8

52.6

31.6

47.4

21.1

94.7

26.3

52.6

31.6

36.8

36.8

42.1

63.2

26.3

89.5

52.6

plastic, coffee, fruity, pine

unknown

unknown

flowery, fruity with
something

caramel, fruity, vanilla

flowery, animal, mint candy

bread, cereal, sugar, sweet
cheese, hay, solvent
almond, baked cocoa,

caramel

38

grapefruit, plastic

sweet

animal, soy sauce

fruity, soy sauce increase

fruity change

nut change, peach, red
wine

change

cheese, hay

animal, smoky

plastic, potato

acid, another plastic,
potato

fruity, soy sauce

bad soy sauce

hay, increase

change

mint candy

change

bad odor, flowery, hay

cheese, new odor
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39

40

41

42

43

44

45

46

47

1668

1705

1738

1758

1773

1785

1833

1853

1870

1885

1670

1685

1725

1750

1765

1780

1825

1845

1860

1880

1685

1720

1750

1765

1780

1790

1840

1860

1880

1890

31.6

94.7

31.6

42.1

42.1

26.3

10.5

26.3

68.4

47.4

52.6

100.0

26.3

42.1

21.1

15.8

26.3

31.6

57.9

52.6

42.1

100.0

36.8

31.6

47.4

42.1

36.8

42.1

36.8

31.6

herb, solvent acid

cheese, acid, bad odor

nut

cereal, cheese, nut
alcohol, red fruit, sweet
unknown

roasted

unknown

fruity, fruity jam, honey

baked, fruity alcohol, fruity,

honey

39

flowery, fruity

cheese, sweaty, unpleasant

change
honey increase
change
change

increase

citrus, metallic

animal

sweet

rose

cheese, new odor, strong

sweaty

nut

caramel increase
mint, new odor
honey caramel
caramel change
honey increase,
vegetable

mint cold, new odor,

sweet

mint cold increase




48

49

50

51

52

53

54

55

1903

1945

1963

1990

2023

2050

2088

2108

1890

1935

1955

1980

2010

2040

2080

2095

1915

1955

1970

2000

2030

2060

2095

2120

63.2

52.6

52.6

36.8

31.6

52.6

47.4

52.6

68.4

63.2

42.1

26.3

52.6

26.3

26.3

47.4

89.5

42.1

36.8

26.3

31.6

36.8

36.8

31.6

flowery, smoky, solvent,
wine, wood

fruity, plastic, rose, sweet,
wine

alcohol, rose

honey, fruity alcohol

honey

alcohol, fruity alcohol,
fruity, honey with
something

alcohol, fruity alcohol, red
fruit, vegetable

apricot, bread

40

flowery, sweet

flowery, sweet

sweet, wine
increase
apple, grapefruit, honey,

increase, sweet increase

apple, apricot

apricot

apricot, fruity, red

honey, plastic, smoky,

sweet

sweet

prune

change

fruity

smoky

honey increase

change
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57

58

59

60

61

62

63

2133

2153

2170

2193

2220

2243

2270

2288

2120

2145

2160

2185

2210

2230

2260

2280

2145

2160

2185

2205

2230

2255

2280

2295

47.4

26.3

47.4

63.2

52.6

57.9

47.4

47.4

57.9

31.6

57.9

31.6

42.1

42.1

47.4

15.8

42.1

21.1

52.6

42.1

42.1

47.4

52.6

26.3

fruity, vegetable

caramel milk tea, jam
baked, bread, caramel milk
tea, honey

candy, caramel milk tea,
caramel, cereal, jam
caramel, caramel baked,
peach candy, sugar

baked caramel, cake,

caramel

cake

baked caramel, bread

41

apricot, mushroom, rotten,
sugar

candy, pineapple

jam

caramel, fruity candy,
peach, sugar
increase, peach increase,

strawberry

red fruit, strawberry

increase, peach increase,
smoky, strawberry

peach

flowery, sweet increase

sweet increase

apricot, fruity, sweet

apricot

soy sauce, sweet

fruity candy

caramel increase, fruity

flowery, red fruit




758

759

760

761

762

763

64

65

66

67

68

69

2308

2333

2353

2370

2400

2450

2295

2320

2345

2360

2390

2440

2320

2345

2360

2380

2410

2460

47.4

47.4

10.5

52.6

57.9

52.6

26.3

47.4

52.6

15.8

31.6

36.8

47.4

57.9

10.5

47.4

57.9

42.1

caramel, fruity
caramel, fruity, vegetable,
fruity baked

fruity

alcohol, baked sauce, fruity

caramel, caramel baked,
sugar wine

baked, spicy, sugar wine

increase

increase

increase, peach, strawberry

fruity

increase

increase, nut

caramel, fruity

mango, new odor

change
new odor, papaya,

smoky

fruity candy increase

prune

Odor Zones listed in the table were ranked by their appearances from 1 to 69, and each OZ was featured by 1) the first, the last and the average RI of the

response given by all subjects; 2) * Nasal Impact Frequency (NIF, %), which corresponded to the proportion of detection by the panelists of each OZ.; 3)

Odor descriptors given by subjects, the odor descriptor was ordered by frequency from high to low. The descriptor ‘change’ was used by the panelists

when they qualified an OZ related to a modification (i.e. a ‘change’) of the background odor, but they did not provide additional descriptors to qualify

the ‘change’.
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764 Table 2 Identification of Odor Zones (OZs) in Vidal Icewine by GC-O—, GC-MS and GC x GC-TOFMS

0V4 Retention indices (RI) Quantitative
Compounds* Odor descriptors © Identification f CAS.
number GCO? TofMS® NIST® mass

sweet, ethereal, fruity,
1 980 961 955 ethyl isobutyrate MS;RI;O;S 97-62-1 71
alcoholic, fusel, rummy

butter, sweet, creamy,
2 1008 977 970 2,3-butanedione* MS;RIL0;S 431-03-8 86
pungent, caramel

sweet, fruity, ethereal,
3 1020 1025 1015 isobutyl acetate MS;RI;O;S 110-19-0 43
banana, tropical

fruity, juicy, pineapple,
4 1048 1044 1028 ethyl butyrate MS;RL0;S 105-54-4 71
cognac
ethyl sharp, sweet, green,
5 1068 1062 1050 MS;RL0;S 7452-79-1 102
2-methylbutyrate apple, fruity

6 1088 1067 1060 ethyl isovalerate fruity, sweet, apple, MS;RI;O:;S 108-64-5 88
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10

11

12

13

1115

1135

1153

1170

1193

1215

1235

1088

1127

1140

1181

1196

1209

1220

1099

1117

1133

1176

1183

1205

1216

2-methyl-1-propanol

isoamyl acetate

ethyl valerate

pentyl acetate

2-heptanone

3-methyl-1-butanol

2-hexanol

pineapple

ethereal, winey, cortex
sweet, fruity, banana,
solvent

sweet, fruity, apple,
pineapple, green, tropical
ethereal, fruity, banana,
pear, banana, apple
fruity, spicy, sweet,
herbal, coconut, woody
fuel oil, alcoholic,
whiskey, fruity, banana
chemical, winey, fruity,

fatty, terpene, cauliflower

44

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O;S

TOFMS;RI;O

TOFMS;RI;O

MS;TOFMS;RI;O;S

TOFMS;RI

78-83-1

123-92-2

539-82-2

628-63-7

110-43-0

123-51-3

626-93-7

70

88

61

58

39

45




13

14

15

16

17

18

1235

1255

1283

1305

1318

1335

1237

1239

1280

1297

1314

1235

1220

1267

1285

1313

1331

2-pentylfuran

ethyl hexanoate

ethyl pyruvate

2-octanone

1-octen-3-one

2-acetyl-1-pyrroline

fruity, green, earthy,
beany, vegetable,
metallic

sweet, fruity, pineapple,
waxy, green, banana
ether, fruity, sweet,
sharp, rum, vegetable,
caramel

earthy, weedy, natural,
woody, herbal

herbal, mushroom,
earthy, musty, dirty
popcorn, toasted, grain,

malty

45

TOFMS;RI

MS;TOFMS;RI;O;S

TOFMS;RI;O

TOFMS;RI

TOFMS;RI;O;S

RI;O

3777-69-3

123-66-0

617-35-6

111-13-7

4312-99-6

85213-22-5

81

88

43

58

70




19

20

21

22

23

24

1355

1373

1400

1415

1425

1438

1351

1363

1384

1439

1447

1448

1360

1358

1386

1436

1447

1451

1-hexanol

cis-rose oxide

(Z)-3-hexen-1-ol

ethyl octanoate

1-octen-3-ol*

linalyl oxide

ethereal, fuel oil, fruity,
alcoholic, sweet, green
green, red rose, spicy,
fresh, geranium

fresh, green, cut grass,
foliage, vegetable, herbal,
oily

fruity, wine, waxy, sweet,
apricot, banana, brandy,
pear

mushroom, earthy, green,
oily, fungal, raw chicken
earthy, floral, sweet,

woody

46

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O

111-27-3

16409-43-1

928-96-1

106-32-1

3391-86-4

5989-33-3

43

139

67

88

57

59




25

26

27

28

29

30

1453

1465

1478

1490

1503

1518

1453

1476

1480

1489

1523

1449

1460

1458

1479

1484

1524

2-ethyl-3,5-dimethyl

pyrazine

1-heptanol

methional

nerol oxide

2-ethyl-1-hexanol

ethyl

3-hydroxybutyrate

burnt almonds, roasted
nuts, coffee

musty, leafy, violet,
herbal, green, sweet,
woody, peony

musty, potato, tomato,
earthy, vegetable, creamy
green, weedy, cortex,
herbal, diphenyl, oxide,
narcissus, celery

citrus, fresh, floral, oily,
sweet

fruity, green, grape,

tropical, apple skin

47

RI;O

MS;TOFMS;RI;S

TOFMS;RI;O;S

MS;TOFMS;RI;O

MS;TOFMS;RI;O

MS;TOFMS;RI

13925-07-0

111-70-6

3268-49-3

1786-08-9

104-76-7

5405-41-4

70

47

68

57

88




31

32

33

34

35

1533

1565

1583

1600

1628

1544

1553

1613

1662

1545

1537

1561

1620

1648

ethyl
2-hydroxy-4-methyl

valerate

S-linalool

ethyl

3-methylthiopropion

ate

hotrienol

benzeneacetaldehyde

fresh blackberry

citrus, floral, sweet, bois
de rose, woody, green,
blueberry

sulfur, metallic,
pineapple, fruity, ripe
pulpy tomato

sweet, tropical, fennel,
ginger

green, sweet, floral,
hyacinth, clover, honey,

CcoCcoa

48

TOFMS;RI

MS;TOFMS;RI;O;S

RI;O

MS; TOFMS;RI;O

TOFMS;RI;O

10348-47-7

78-70-6

13327-56-5

29957-43-5

122-78-1

87

71

71

91




36

36

37

38

39

40

41

42

1650

1650

1665

1668

1705

1738

1758

1773

1670

1673

1679

1724

1741

1797

1662

1680

1660

1687

1665

1738

1732

1779

2-methylbutanoic

acid

acetophenone

2-acetylthiazole
diethyl succinate
3-methylbutanoic
acid*
3-(methylthio)-1-pro
panol

linalool oxide
(trans-pyranoid)

ethyl phenylacetate*

pungent, acid, cheese

sweet, pungent,

hawthorn, mimosa,

almond, acacia, chemical

earthy

mild, fruity, cooked apple

sour, stinky, feet, sweaty,

cheese, tropical

sulfurous, onion, sweet,

soup, vegetable

woody

sweet, floral, honey, rose,

49

MS;TOFMS;RI;O;S

TOFMS;RI;O

RI;O

TOFMS;RI;O;S

MS;RI;O;S

TOFMS;RI;O;S

MS;TOFMS;RI;O

MS;TOFMS;RI;O;S

116-53-0

98-86-2

932-16-1

123-25-1

503-74-2

505-10-2

39028-58-5

101-97-3

74

105

101

106

68

91




43

44

45

46

46

46

1785

1833

1853

1870

1870

1870

1798

1823

1827

1832

1845

1848

1794

1817

1829

1840

1853

1840

1-(4-methylphenyl)e

thanone

y-heptalactone

phenethyl acetate™

f-damascenone*

3-mercapto-1-hexan

ol

geraniol*

balsam, cocoa

hawthorn, sweet,
mimosa, cherry

sweet, coconut, nutty,
caramel, hay

floral, rose, sweet, honey,
fruity, tropical

natural sweet, fruity,
rose, plum, grape,

raspberry, sugar

sulfurous, fruity, tropical

sweet, floral, fruity, rose,

waxy, citrus

50

TOFMS;RI

MS;TOFMS;RI;O

MS;TOFMS;RI;S

MS;TOFMS;RI;O;S

TOFMS;RI;O;S

MS;TOFMS;RI;O;S

122-00-9

105-21-5

103-45-7

23696-85-7

51755-83-0

106-24-1

119

85

104

69

100

69




47

48

49

50

51

52

53

54

1885

1903

1945

1963

1990

2023

2050

2088

1854

1871

1918

1936

1988

2013

2047

2066

1857

1859

1925

1923

1988

2008

2042

2056

p-cymen-8-ol

guaiacol*

phenylethyl alcohol*

y-octalactone

o-octalactone

phenol

y-nonalactone

4-hydroxy-2,5-dimet

sweet, fruity, cherry,

floral, camphor

phenolic, smoke, spice,

vanilla, woody

floral, rose, dried rose,
flower, rose water
sweet, coconut, waxy,
creamy, dairy, fatty
sweet, fatty, coconut,

tropical, dairy

phenolic, plastic, rubber

coconut, creamy, waxy,

sweet, buttery, oily

sweet, cotton candy,

51

MS; TOFMS;RI;O

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O;S

MS; TOFMS;RI;O

MS;TOFMS;RI;O

MS;TOFMS;RI;O

MS;TOFMS;RI;O

TOFMS;RI;O;S

1197-01-9

90-05-1

60-12-8

104-50-7

698-76-0

108-95-2

104-61-0

3658-77-3

135

109

85

99

94

85

85




55

56

57

58

59

2108

2133

2153

2170

2193

2146

2091

2161

2178

2031

2127

2088

2144

2167

hyl-3(2H)-furanone

(furaneol)*

4-ethylguaiacol

ethyl cinnamate

4-hydroxy-5-ethyl-2-

methyl-3(2H)-furano

ne (homofuraneol)

y-decalactone

eugenol

caramel, strawberry,
sugar

spicy, smoky, bacon,
phenolic, clove

sweet, balsam, fruity,
spicy, powdery, berry,
plum

sweet, caramel, bready,
maple, brown sugar,
burnt

fresh, oily, waxy, peach,
coconut, buttery, sweet
sweet, spicy, clove,

woody

52

MS;RILS

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O;S

2785-89-9

103-36-6

27538-09-6

706-14-9

97-53-0

131

43

85

164




60

61

62

63

64

65

2220

2243

2270

2288

2308

2333

2208

2213

2216

2276

2281

2319

2203

2208

2270

2296

2311

4-vinylguaiacol

o-decalactone

thymol

y-undecalactone

syringol

4-methyl-5-thiazolee

thanol

dry, woody, fresh, amber,

cedar, roasted, peanut
fresh, sweet, oily,
coconut, fruity, peach,
creamy, dairy

herbal, thyme, phenolic,
medicinal, camphor
fruity, peach, creamy,
fatty, apricot, coconut
smoky, phenolic,
balsamic, bacon,

powdery, woody

fatty, cooked beef juice

53

MS;TOFMS;RI;O;S

MS;TOFMS;RI;O

TOFMS;RI;O

TOFMS;RI;O

TOFMS;RI;O

TOFMS;RI

7786-61-0

705-86-2

89-83-8

104-67-6

91-10-1

137-00-8

135

99

115

85

154

112




waxy, green, fruity, fatty,
66 2353 2333 2336 9-decenoic acid TOFMS;RI 14436-32-9 69
soapy

dry, weedy, acidic, green,

66 2353 2340 2347 geranic acid TOFMS;RI 459-80-3 100
moldy, feet, woody

66 2353 2359 2327 isophytol mild, floral, herbal, green TOFMS;RI 505-32-8 71
sweet, spicy, clove,

67 2370 2363 2350 isoeugenol MS; TOFMS;RI;O 97-54-1 164
woody, carnation, floral
fatty, peach, sweet,

68 2400 2415 2415 y-dodecalactone MS; TOFMS;RI;O 2305-05-7 85
metallic, fruity
fresh sweet metallic

69 2450 2447 2445 o-dodecalactone peach oily coconut TOFMS;RI 713-95-1 99

buttery

765 2RI calculated from GC—O and Olfactoscan analysis; ° RI calculated from GC x GC-TOFMS analysis; ¢RI reported in NIST library on similar column;
766 Y Compounds tagged with an *** were found to have different RI calculated from the GCO analysis and from the GC x GC—TOFMS analysis; the

767  identification of these odor zones have been verified by injecting pure standards; € descriptors obtained from the database of The Good Scents Company
54




768  (http://www.thegoodscentscompany.com/); f Peak identified by: 1) GC x GC—TOFMS analysis (TOFMS), the first six odorants were not identified by
769  TOEFMS due to the setting of solvent delay; 2) GC-MS (MS) and comparing the RI and odor descriptor of a candidate compound with the RI and odor
770 descriptor of its pure standard under the same GC conditions as in GC-O (S); 3) comparing the odor descriptor of a candidate compound with its odor
771 descriptor reported in the database (O); and 4) comparing the experimental RI of a candidate compound with the RI reported in the NIST Mass Spectral

772 Library (RI).
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773 Figure 1
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