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Type Aroma in Whisky
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3International Centre for Brewing and Distilling, School of Engineering and Physical Sciences, Heriot-Watt University, Edinburgh, UK;
blnstitute for Future Beverages, Research and Development Division, Kirin Holdings Company Limited, Yokohama, Japan

ABSTRACT

There is an increasing drive across the global distilling industry for a greater understanding of
the development of sensory properties in whisky. Origins of the fruity aroma descriptor have been
reasonably well-explored in the current literature, but this umbrella term captures a wide range
of quite varied sub-descriptors. One such fruit-type lexicon term that has received limited attention
is that of mango. The present trial assessed the sensory profiles of 14 commercial whisky products
and identified whiskies elevated in the target mango trait. Further analysis of product volatile
compound composition allowed for the shortlisting of candidate compounds potentially contributory
to this trait. Spiking of candidate compounds into a base whisky identified a potential role for
several common whisky components in the development of mango aroma. In particular, aldehyde
and acetal components (such as isobutyraldehyde, isovaleraldehyde, and isovaleraldehyde diethyl
acetal) were found to positively impact the sensory reporting of mango aroma in whisky. These
compounds are not atypical to whisky, and their production pathways and precursors are previously
identified; this provides scope for their control without substantial process modification.

Abbreviations: ABV: alcohol by volume; ACD: acetaldehyde diethyl acetal; ANOVA: analysis of
variance; DCM: dichloromethane; GC-MS: gas chromatography-mass spectrometry; GNS: grain
neutral spirit; 2HN: 2-heptanol; IBA: isobutyraldehyde; IVA: isovaleraldehyde; IVD: isovaleraldehyde
diethyl acetal; NIST: National Institute of Standards and Technology; OAVs: odour activity values;
PCA: principal component analysis; SIM: selected ion monitoring; SPME: solid phase microextraction.

KEYWORDS
Aroma; fruit; mango; sensory;
whisky

Introduction

There is increasing interest across the global whisky sector
for the development of novel and diverse aroma properties
in mature spirit products.!! The development of distinctive
product characteristics aids brand recognition, which is of
particular importance in growing and crowded markets.?!
There has been a consequent demand amongst spirit pro-
ducers for an increased understanding of the factors influ-
encing product aroma profile in order to aid the development
of new single-malt and blended products.!!. The specific
terminology for the description of aroma/flavour properties
in whisky products might vary across producers. Still, there
are common descriptors that are frequently used, such as
those detailed in published flavour wheel diagrams.®! Within
a given lexicon, the descriptors used to describe whisky
aroma are typically grouped under umbrella terms such as
‘peaty’, ‘grainy, and ‘woody. Within a given grouping,
descriptors are generally related but can be reasonably
diverse. For example, the ‘woody’ grouping might address
descriptors ranging from green bark through treacle and
coffee-like aroma properties.’) The descriptors housed

within the common grouping ‘fruity’ can be associated with
fresh and dried fruit-type aromas as well as citrus and arti-
ficial fruit flavourings.®! Alongside apple, pear, and banana,
‘tropical fruit’ is used as a catch-all for more exotic fruits
including pineapple and melon, as well as mango, which
has been used specifically in commercial product descriptors
and published literature.l3-!

There has been considerable research of the development
of fruit-type aromas in whisky, with much of the work
focussing on the impact of esters and higher alcohols.>¢!
Acetate esters such as isoamyl acetate have been linked to
the properties of banana and pear-drop, and ethyl esters (of
varying chain length) are often associated with fresh fruit
aromas.®! For example, ethyl hexanoate is typically described
as contributing apple-like aroma to spirit,l”! whilst ethyl
octanoate has been linked to increasing pineapple aroma
properties.®) Whilst there is currently little published
research around tropical fruit aroma in distilled spirits, there
have been studies investigating this trait in wine and beer.
Passion fruit and mango aromas have been described in
white wine and were linked to specific grape cultivars,*!"!
and in beer, a role for hop-derived thiols has been
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identified.'!) Analysis of mango fruit itself identifies a range
of volatiles that are contributory to its aroma, these include
terpenes (e.g. a-pinene, P-myrcene, terpinolene, limonene,
§-3-carene, and P-caryophyllene), ketones (e.g.
(E)-p-damascenone), esters (e.g. ethyl butanoate and ethyl
2-methyl propanoate), and aldehydes (e.g. nonanal, hexanal,
and isovaleraldehyde).[>14] Whilst some volatiles associated
with mango fruit have previously been identified in whisky
many are not typical, and the spirit components contributing
to mango-type aroma in whisky products remain largely
unknown.

In the present research, the contribution of volatile com-
pounds to mango-type aroma in mature whisky products
was investigated. Sensory and volatile compound profiles
were developed for 14 commercially available mature whisky
products (from Scotland and Ireland). Through the use of
Principal Component Analysis (PCA), whisky products ele-
vated in mango aroma were identified, and a pool of com-
pounds possibly contributing to the mango aroma descriptor
was established by correlation analysis. Sensory analysis of
whisky samples spiked with candidate compounds was used
to investigate the contribution of individual and grouped
volatile compound contribution to mango-type aroma in a
whisky matrix.

Materials and methods
Chemicals

All chemicals were obtained from the following commercial
sources at analytical grade purity: acetaldehyde (299.5%),
acetaldehyde diethyl acetal (Analytical Standard),

Table 1. The production region and additional properties of the
investigated single malt whisky products. Production regions are
defined using nomenclature of territorial units for statistics (NUTS)
descriptors3? or Scotch whisky producing regions as described by
the Scotch whisky regulations 2009.5%

Product
Alcohol age

Whisky  Production region (% ABV) (years)  Additional properties

1 Ireland (Dublin) 55 14 Bourbon cask,
non-chill filtered,
cask strength

2 Ireland (Dublin) 60 14 Bourbon cask,
non-chill filtered,
cask strength

3 Ireland (Dublin) 40 NAS  Bourbon cask

4 Ireland (Dublin) 43 12 Bourbon cask

5 Ireland (Mid-East) 40 NAS  Peated malt

6 Northern Ireland 40 10 Bourbon and sherry
cask

7 Scotland (Highland) 40 10 Bourbon cask

8 Scotland (Speyside) 40 12 -

9 Scotland (Highland) 40 12 -

10 Scotland (Highland) 40 12 Predominantly sherry
cask

11 Scotland (Speyside) 55 15 Bourbon cask,
non-chill filtered,
cask strength

12 Scotland (Highland) 46 10 Bourbon cask,
non-chill filtered

13 Ireland (Mid-East) 43 NAS Bourbon cask

14 Scotland (Highland) 46 10 Non-chill filtered, no

color adjustment

NAS: Non-age statement.

acetaldehyde diethyl acetal (Natural, FG, 297%), dichloro-
methane (>99%), ethyl decanoate (>99%), 2-heptanol
(Analytical Standard), 2-heptanol (FG, 297%), 2-heptanone
(Analytical Standard), isoamyl decanoate (<100%), isoamyl
octanoate (298%), isobutyraldehyde (Analytical Standard),
isobutyraldehyde (FG, 298%), isobutyraldehyde diethyl acetal
(£100%), isovaleraldehyde (Analytical Standard), isovaleral-
dehyde (FG, 297%), isovaleraldehyde diethyl acetal (FG,
>98%), 4-methyl-3-penten-2-one (Analytical Standard),
1,1,3-triethoxypropane (=95%) from Sigma-Aldrich (Dorset,
UK); ethanol (=99.8%), sodium chloride (>95%) from Fisher
Chemicals (Loughborough, UK); 3-heptanone (>298%) from
Thermo Scientific Chemicals (Waltham, U.S.A.); isovaleral-
dehyde diethyl acetal (295%) from BOC Sciences (New York,
U.S.A.); Grain Neutral Spirit (96% ABV) from Kimia Fine
Alcohols (Witham, UK).

Sensory characterisation of commercial whisky
products

To assess the aroma properties of commercial whisky prod-
ucts, a sensory evaluation using a Quantitative Descriptive
Analysis (QDA) approach was conducted using whisk(e)y
(henceforth described as whisky) products from across
Scotland and Ireland (Table 1). Whisky samples were col-
lected from the UK market during 2021 and 2022, except
Whiskies 1 and 2, sourced in Japan in 2020.

The sensory evaluation methodology was based on the
approach previously described by Jack,["” and the evaluation
sheets were modified from the work of Lawless and
Heymann.['") Ethics for the trial (Project ID 2916) were
assessed and approved by the Engineering and Physical
Sciences Ethics Committee at Heriot-Watt University.
Participation was voluntary and written consent was sought
from all panellists following a briefing and before experimen-
tal work commenced. Whisky samples were diluted to 20%
ABV with distilled water, and then 30mL was poured into
130mL standard tulip-shaped glasses with a glass lid. Samples
were prepared fresh for each panellist and were not reused.
Samples were used within 6h of preparation as recommended
by Jack.'”! The panellists evaluated the products under red
light and in random order across a 1h assessment period.
The tests were duplicated in a follow-up session.

Samples were evaluated by eight trained panellists work-
ing in blender or researcher positions in the Whisky and
Spirits section at the Institute for Future Beverages in the
Research and Development Division of Kirin Holdings
Company (Yokohama, Japan). The panellists had received
prior training for the aroma properties investigated. Panellists
were asked to evaluate the aroma properties of each sample
by orthonasal assessment with aroma intensity indicated by
placing a mark against a 150 mm horizontal bar for each
lexicon term. The bars were labelled at 15, 75, and 135 mm
(from left to right) with the respective descriptors of Weak,
Moderate, and Strong. Following the evaluation, panellist
scores were converted to percentage values for further anal-
ysis. Panellists used 16 sensory descriptors to characterise
the samples: floral, green, smoky, cereal, sulphury, banana,



apple, peach, orange, tropical, mango, cream, caramel, oily,
alcohol, and woody. Data was processed using Principal
Component Analysis (PCA) in XLSTAT (ver. 2022.1.1.1248;
Addinsoft, Paris, France) to identify correlations between
each product and the sensory properties evaluated.

Analysis of whisky aroma volatile composition

Whisky samples were prepared according to the method
described by Mar¢iulionyté et al.l”! Triplicate samples were
diluted with distilled water to 15mL at 20% ABV and placed
in a 50mL centrifuge glass tube. An internal standard
(100 pL of 3-heptanone in ethanol; 4000 mg/L) and 0.5mL
saturated sodium chloride solution were added to diluted
samples. Dichloromethane (DCM; 0.5mL) was added to the
sample mixtures, followed by agitation for 30s using a vortex
mixer and centrifugation for 3 min at 1000 rpm. The DCM
layer was recovered and was transferred to 2mL GC vials
with glass inserts (100 pL). Extracts of 1pL were injected
directly into a Shimadzu QP2010 Ultra GC-MS coupled to
an AOC-5000 for analysis (Shimadzu, Kyoto, Japan). The
injection port was held at 230°C (split ratio 1:1), and sam-
ples were separated on a DB-WAX Ultra Inert GC Column
(30mx0.25mm x 0.25um; Agilent Technologies, California,
U.S.A.). The temperature profile was as follows: 40°C for 5
min, increased at 3°C/min to 250°C, holding for 5 min at
the final temperature. Helium was used as carrier gas with
a constant velocity of 29 cm/s. The MS transfer line and ion
source temperature were held at 250°C and 200 °C, respec-
tively. GCMSsolution software (version 2.61; Shimadzu) was
used for peak integration and sample analysis, and the
detected peaks in SCAN mode were identified preliminarily
using NISTO08s library software (The National Institute of
Standards and Technology, Maryland, U.S.A.). Using each
compound peak area ratio to the internal standard and the
sensory evaluation scores, Pearson’s correlation coefficient
was calculated by XLSTAT to identify which volatile com-
ponents correlated most strongly to mango aroma in the
14 whiskies investigated.

Quantification of candidate compounds

Volatile compounds provisionally identified as correlating to
mango-type aroma in whisky were quantified in triplicate
compared to reference compounds. Whisky samples were
diluted with distilled water to 40% ABV, and 10mL was
added to a crimp neck 20mL glass vial. Internal standard
(100 uL) of 3-heptanone in ethanol (4000 mg/L) was added
to the sample. Aldehydes and acetals were analysed with a
GC-MS-QP-2010 Ultra coupled to a CPL AOC-5000 with Solid-
Phase Microextraction (SPME) using a Polydimethylsiloxane/
Divinylbenzene (PDMS/DVB) fibre (65um; Supleco,
Pennsylvania, U.S.A.). Prior to extraction, samples were
heated at 50°C for 1min whilst agitating at 500rpm in a
Heatex Stirrer (Axel Semrau GmbH, Sprockhével, GB).
Samples were extracted for 1 min and then desorbed to the
GC injection port (250°C) for 1min (split ratio was set to
0) then separated using a HP-5ms capillary column
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(30mx0.25mm x 0.25um; Agilent Technologies) operated
with the following temperature profile: hold at 28°C for
15min, ramp 2°C/min to 70°C, ramp 3°C/min to 100°C,
ramp 10°C/min to 200°C, ramp 20°C/min to 300°C and
hold at temperature for 3min. Helium was used as carrier
gas with a constant velocity of 29 cm/s. The MS transfer line
and ion source temperature were held at 250°C and 200°C,
respectively. The MS was operated in SIM mode, and the
samples were quantified against calibration curves for the
target compounds. The following m/z values were monitored:
acetaldehyde (42, 43, 44); isobutyraldehyde (72, 41, 39); iso-
valeraldehyde (44, 58, 71, 41); acetaldehyde diethyl acetal
(73, 103, 47, 29); isobutyraldehyde diethyl acetal (103, 101,
75, 73, 55); isovaleraldehyde diethyl acetal (103, 115, 75, 47,
69, and 71); 3-heptanone (57, 85, 41).

The alcohols, ketones, and fatty acid esters were analysed
by direct injection to GC-MS. Samples were analysed in
triplicate with DCM extraction as previously described.
Extracts of 1uL were injected directly into the GC-MS (split
ratio was 1:0), followed by HP-5ms column separation with
helium carrier gas. Analysis of 2-heptanol and 2-heptanone
used the following temperature profile: hold 40°C for
10 min, ramp 10°C/min to 65°C, hold for 10min, ramp
10°C/min to 90°C, hold for 10min, ramp 10°C/min to
120°C, hold for 10 mins, ramp 30°C/min to 320°C and
hold for 5 min. For the analysis of 4-methyl-3-penten-2-one
and ethyl decanoate, samples were separated using a tem-
perature profile of: hold 40°C for 10min, ramp 3°C/min
to 180°C, ramp 20°C/min to 320°C with a 5min hold.
Analysis of isoamyl octanoate and isoamyl decanoate used
the following modified temperature profile: hold 50°C for
10min, ramp 10°C/min to 85°C, hold for 10 min, ramp
10°C/min to 170°C hold for 10min, ramp 30°C/min to
320°C and hold for 5min. Helium was used as carrier gas
with a constant velocity of 29 cm/s. The MS transfer line
and ion source temperature were held at 250°C and 200 °C,
respectively. The MS was operated in SIM mode, and the
samples were quantified against calibration curves for the
compounds: the software GCMSsolution was used for peak
integration and sample analysis. The following m/z values
were monitored: 2-heptanol (45, 55, 83); 2-heptanone (58,
59, 71); 4-methyl-3-penten-2-one (55, 83, 43); ethyl deca-
noate (88, 101, 41); isoamyl octanoate (70, 43, 127); isoamyl
decanoate (70, 43, 55); 3-heptanone (57, 85, 41). For sta-
tistical analysis, compounds returning undetected or out of
calibration range were treated as a peak area 0.

Sensory analysis of volatile impact on
mango-type aroma in whisky

To confirm the contribution of volatile compounds to
mango-type aroma in whisky, candidate compounds were
introduced into a sample previously found to present with
only low mango sensory properties (Whisky 13) with sub-
sequent sensory analysis. Trial ethics were assessed and
approved (Project ID 4580) as described previously.
Participation was voluntary and written consent was sought
from all panellists following a trial briefing. Selection of
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candidate compounds was informed by correlation to mango
aroma observed in commercial whisky samples, odour activ-
ity values (OAVs; calculated using a volatile concentration
in Whisky 2 at 20% ABV), and availability of food-grade
standards. Each stock solution of candidate compounds was
prepared using grain neutral spirit (GNS) and added to
Whisky 13 such that the volatile concentration in Whisky
2 was replicated. Sensory analysis was conducted at
Heriot-Watt University (Edinburgh, UK) by a total of 21
unique panellists across duplicate trials (16 panellists at each
trial). Panellists were all students or staff at Heriot-Watt
University and were familiar with the sensory properties of
whisky. To reduce the risk of general fruity aroma properties
presenting as mango aroma, panellists assessed four sensory
properties capturing a range of fruit-type aroma descriptors:
mango, peach, apple, and orange. Prior to the analysis of
experimental samples, panellists were trained on each sen-
sory property using commercial food flavourings added into
a 20% ABV whisky. Training samples were produced by the
addition of flavourings at two concentrations (termed ‘mod-
erate’ and ‘strong’) into Whisky 13, with an additional unal-
tered Whisky 13 acting as a ‘weak’ reference. The following
food flavourings were used to prepare reference samples for
recognition training: Double Apple High Strength Professional
Flavouring (moderate addition rate: 0.021% v/v, strong addi-
tion rate: 0.042% v/v), Juicy Peach High Strength Professional
Flavouring (moderate: 0.005% v/v, strong: 0.010% v/v), and
Sweet Mango High Strength Professional Flavouring (mod-
erate: 0.0009% v/v, strong: 0.0017% v/v) from GALAX-E-
JUICE Ltd. (Norfolk, UK), Natural Orange Flavour
(moderate: 0.0005% v/v, strong: 0.0010% v/v) from Foodie
Flavours Ltd. (Hertfordshire, UK). To test recognition train-
ing, panellists were asked to identify anonymised reference
samples prior to exposure to experimental whiskies. Analysis
of experimental samples was completed under red light
using the same sensory approach as previously described
for analysis of samples by the trained industry panel
(orthonasal assessment).!!>19] Samples were presented to
panellists in random order. Sensory data was processed using
Analysis of Variance (ANOVA) with Tukeys HSD (using
XLSTAT). A significance threshold of p<0.05 was used to
define significant differences.

Results and discussions

Sensory analysis of the 14 whisky samples (representing a
range of Scottish and Irish whisk(e)y producing regions) by
expert panellists revealed significant differences in the sen-
sory properties of the samples, which were primarily found
in the fruity-type aroma descriptors, although some sepa-
ration was also evident for green, smoky, and sulphury terms
(Table 2). With regards to fruity-type aroma properties, the
five non-chill filtered (as identified by product packaging)
samples scored highest (average score of banana, apple,
peach, orange, tropical, and mango; 41.2-50.5) of the
assessed products. There is also a general trend of increased
reporting of mango aroma in whisky samples packaged at
higher alcohol strength. The contribution of ethyl esters to
fruit aroma in distilled spirits is well-established, and
long-chain ethyl esters are able to precipitate to form haze.!'®!
Several studies have identified a significant reduction in
ethyl ester content in distilled spirits following chill filtration
that might explain the trends observed herel!*?") although
specific filtration methodology is likely important. Within
the whisky industry chill filtration conditions vary consid-
erably, with use of varying temperatures (-10°C to 10°C)
and filtration media.l?!! The filtration conditions used during
production of samples here are unknown outside of label
declarations. Whisky 2 (a non-chill filtered whisky from the
Ireland Dublin region), in particular, scored highly for over-
all fruity character (50.5) compared to other products and
returned the highest score for all individual fruit-type
descriptors. For the mango descriptor, scores ranged from
54.7 (Whisky 2) to 21.6 (Whisky 5), and similarly to overall
fruity character, the samples returning the highest values
trended towards non-chill filtered production processes and
elevated packaged ABV. ANOVA revealed three overlapping
Tukey’s HSD post-hoc groups within assessment of mango
aroma (Table 2), with Whisky 2 fully separated from Whisky
5, 9, 10, and 13. Principal Component Analysis (PCA) was
used to identify overall associations of whisky samples and
sensory properties (Figure 1). PCA confirmed strong asso-
ciations of Whisky 2 with mango and tropical aroma prop-
erties and of Whisky 1, 11, 12, and 14 with overall fruity
descriptors (Figure 1) through a positive loading to PCl1.

Table 2. The average sensory scores of 16 lexicon terms in 14 commercial whiskies as determined by an industry panel. Traits scored

on a scale of 0-100.

Whisky ~ Alcohol  Apple Banana Caramel Cereal Cream Floral Green Mango Oily Orange Peach Smoky Sulphury Tropical Woody
1 4032 454 3912 2892 289° 293° 440° 5402 464 279° 323° 423 188° 287 b 470 268°?
2 3322 548% 4382 274°% 258% 320° 438° 3220 5472 2752 3572 5852 147°¢ 3000 5572 258°
3 3952 424 342° 2052 303° 25.1° 40.8° 46.0% 33,0 29.1° 2782 410 202° 2820 364 2782
4 387°% 4962 4022 3582 2632 3582 4312 382% 3032 3382 309° 4382 160° 279°b 3583 3742
5 3872 270° 268°? 2842 387° 36.1° 272° 263° 216° 393° 244° 273° 8212 40.3 2555 28.7 2
6 323%  460%® 3602 290 3202 3702 395°% 31.1b 3273 3352 3332 4143 304° 369 332%® 310°
7 3742 452 3632 3382 340° 428° 31.7° 389 348 346° 286° 410 148° 393 37.2%® 27172
8 3662 440%® 3522 3582 3552 3992 3992 3783 3973 3462 307° 4223 17.7°¢ 319° 3943 25712
9 4112 376 365° 3262 350° 366° 323° 31.2° 2735 400° 26.0° 351 243°¢ 449 ® 316 ° 28.8 2
10 406° 335 2902 350° 362 357° 3132 3302 289°P 4382 2572 311° 511° 59.1 2 283°%  296°
1 3532 473 409°? 36.02 273° 425° 37.8° 344 368 3322 3422 493 196° 27.0° 386 27172
12 3352 5382 4122 3032 2942 3632 473° 389%® 4123 3732 3362 4573 158°¢ 3030 39.33% 2852
13 4142 472 4172 2822 266° 303° 40.1° 399 2995 3472 2752 399 178¢ 3441 29.6 © 2552
14 2802 432%® 4282 282 29.8% 3232 426° 41.0%® 470% 3052 313° 461 184° 3500 4853 2532

Superscript letters signify post-hoc significance groups as determined by Tukey’s HSD.
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Figure 1. PCA plot displaying the aroma characteristics of 14
whisky samples assessed using sensory evaluation by eight trained
panellists (PC1 and PC2 70.16%).

The close association of tropical aroma with that of mango
perhaps indicates that panellists interpret these two descrip-
tors similarly. Those samples trending furthest from
fruit-type aromas though negative PC1 associations (Whisky
5 and 10) were generally associated with elevated sensory
scores for smoky (respectively, 82.1 and 51.1), cereal (38.7
and 36.2), and sulphury (40.3 and 59.1) character as com-
pared to other products, and at least one of these samples
(Whisky 5) was produced using peated malt. Previous
research has identified similarly inverse reporting of fruity/
floral traits against cereal, sulphury, and oily terms in new
make spirit samples.??!

Preliminary analysis of whisky samples by GC-MS pro-
visionally identified a range of aroma volatiles present in
each whisky sample. Pearson’s correlation of provisionally
identified volatiles against each sensory trait was used to
shortlist those volatile components potentially associated
with a positive contribution to mango-type aroma. Pearson’s
correlation values of >0.4 have previously been described
as indicating a moderate/fair-strong positive correlation, with
>0.7 and >0.8 indicating moderate-very strong and
strong-very strong correlations, respectively.[23] In the present
study, a Pearson’s correlation value of 0.5 was used as a
minimum threshold for shortlisting candidate volatiles, and
10 compounds were identified with significant (p<0.05)
correlation values that met this threshold for the mango
trait (Table 3). All 10 compounds displaying a significant
correlation to mango aroma also returned a significant pos-
itive correlation to the tropical aroma trait, again indicating
a potential overlap in the reporting of these sensory char-
acteristics. Isoamyl decanoate and isoamyl octanoate both
returned significant positive correlations to all of the
fruit-type aromas evaluated (mango, tropical, apple, orange,
banana, peach). This is in agreement with previous reports
of these components contributing to fruity/floral-type aro-
mas in distilled spirits.?*#?*! As for PCA of whisky product
sensory traits (Figure 1), an abundance of the volatile com-
pounds that correlated strongly to fruit-type aroma was
often associated with a negative correlation to the properties
of cereal, sulphury, and oily. Interestingly, four of the com-
pounds identified to correlate most strongly to mango and
tropical aroma in the whisky samples were acetal
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compounds. Acetals have previously been identified in dis-
tilled spirits, including whisky and have been associated
with fruity-type aroma properties,[?! such as apple, cherry,
and pineapple.?”]

Quantification of provisionally identified candidate com-
pounds (Table 4) confirmed their presence in the whisky
samples and indicated substantial differences in concentra-
tion between the various products. All volatiles were gen-
erally present in high abundance in Whisky 2, and the acetal
compounds and 2-heptanol and 2-heptanone, were partic-
ularly elevated here as compared to the other whisky sam-
ples. Both 4-methyl-3-penten-2-one and 2-heptanol were
only detected in Whiskies 1 and 2, and 2-heptanone was
only detected in Whiskies 1-4; these were all produced in
Ireland-based distilleries. Odour Activity Values (OAV) are
often used as an indicator of how likely a food/beverage
component may be to influence product aroma, and these
values are based on reported sensory threshold values for
a given component and its concentration in the product of
interest. Components with an OAV of <1 are generally not
expected to contribute substantially to product aroma.l?"!
OAVs (reported based on Whisky 2 composition) for the
compounds of interest in the present trial (Table 5) high-
lighted acetaldehyde diethyl acetal (OAV = 16), isobutyral-
dehyde diethyl acetal (OAV = 12), ethyl decanoate (OAV =
11), and isovaleraldehyde diethyl acetal (OAV = 6) to return
OAVs >1. Likewise, the aldehyde precursors to isobutyral-
dehyde diethyl acetal and isovaleraldehyde diethyl acetal,
isobutyraldehyde and isovaleraldehyde, returned strong
OAVs (442 and 189, respectively). Concentration of acetals
formed from aldehydes and alcohols in solution is affected
by ABV and pH.?*’! For example, previous research has
described a solution of pH 3.0 and 40% ABV reaching an
equilibrium state between aldehyde and acetal in 16h, whilst
an equivalent sample at pH 4.0 took 3 days.’" In the present
work, whisky samples had a pH of 3.7-4.2, and sensory
evaluations were examined within 6h after adding candidate
compounds to minimise conversion before analysis.

In order to confirm the contribution of candidate chem-
ical types to mango aroma in whisky, volatile compounds
were spiked into a base whisky (to replicate the concentra-
tion observed in Whisky 2) and presented to a sensory
panel for orthonasal analysis. Five candidate compounds
were selected for further testing according to evidence of
elevated concentration in Whisky 2 (the sample correlating
most closely to strong mango aroma; Table 4), correlation
to mango-type aroma, OAVs (Table 5), and availability of
food-grade standards. To avoid panellist fatigue, sample
numbers were limited by grouping of candidate volatiles
with sequential omission of each candidate component in
reverse OAV order (Tables 5 and 6). Whisky 13 was selected
as a base spirit as, besides a notably lower score for mango
aroma by industry panel analysis, it was previously judged
otherwise similar in sensory profile to Whisky 2 for most
other non-fruit-type sensory properties. Initial analysis of
commercial whiskies (Table 2) indicated that some samples
scored highly across all/most descriptors under the umbrella
term fruity. In order to ensure panellists were correctly
identifying the intended mango trait rather than a general
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fruit-type aroma, panellists underwent recognition training
prior to the nosing of spiked samples and were asked to
score four distinct fruit aroma descriptors (mango, peach,
orange, and apple). Assessment of mango aroma in as-is
Whiskies 2 and 13 (scored 51.7 and 32.3 respectively; Table
6) was similar to that of previous industry panel analysis
(Table 2); Whisky 2 was scored significantly (p <0.05) higher
than Whisky 13 for mango aroma and awarded values were
generally in agreement across the two panels. Addition of
any of the selected compounds into Whisky 13 resulted in
an increased average mango aroma score and movement
across post-hoc groupings. Where volatiles were added to
Whisky 13, mango aroma scores increased to 46.9-48.8, and
samples moved into a shared post-hoc group with Whisky
2. Addition of isobutyraldehyde in isolation resulted in a
change to post-hoc grouping; still, in terms of the mango
sensory score reported, the value was only slightly higher

Table 5. Odour activity values (OAV) for whisky components.
Values are based on previously reported aroma thresholds and
compound concentration in Whisky 2 at 20% ABV.

Compound Threshold (mg/L) OAVs
Isobutyraldehyde 0.0059° 442
Isovaleraldehyde 0.0028° 189
Acetaldehyde diethyl acetal 0.719° 16
Isobutyraldehyde diethyl acetal 0.1° 12
(No FG available)
Ethyl decanoate 114 1
Isovaleraldehyde diethyl acetal 0.05° 6
2-Heptanol 0.25¢ 0.33
Isoamyl octanoate 0.6¢ 0.31
2-Heptanone 2¢ 0.07
Isoamyl decanoate 54 0.05

228] (threshold determined in whisky),
b4 (whisky),

[35] (beer),

36! (imitation whisky)
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than that of Whisky 13. Interestingly, some panellists anec-
dotally reported difficulty distinguishing mango and peach
aromas. Still, the whisky additives used in the present study
did not cause a significant change to the reporting of any
of the fruity descriptors assessed besides mango. This sug-
gests that (for the sensory properties assessed) the impact
of the additive volatiles was generally limited to the mango
aroma trait under the test conditions used in this trial (Table
6). Some previous trials have indicated a role for acetal
compounds in pleasant fruity and apple-like aromas in dis-
tilled spirits.?”3!) Neither of the two acetals investigated
here (acetaldehyde diethyl acetal and isovaleraldehyde diethyl
acetal) resulted in a significant increase to reported apple
aroma observed upon addition to the base whisky. Given
the high mango value returned for the addition of only
isobutyraldehyde and isovaleraldehyde into the base liquid
during omission testing (Table 6), a follow-on trial was used
to separate the individual and grouped impacts of these
aldehydes with and without acetal addition (Table 7).
Follow-on testing displayed reasonable consistency with pre-
vious trials with regard to the base whisky, but there was
some panel-to-panel variation. For instance, upon spiking
of isobutyraldehyde to the base spirit, the observed mango
aroma value was notably higher in the second sensory trial
(Tables 6 and 7). As in the previous trial, there was no
significant impact of any of the spirit additives on the
reporting of peach, orange, or apple aroma descriptors.
Individual addition of isobutyraldehyde, isovaleraldehyde,
and isovaleraldehyde diethyl acetal into the base spirit
resulted in an increase in returned mango values (38.7-44.9)
as compared to the base spirit (34.0) and movement into a
new post-hoc grouping. There is also some evidence of a
cumulative impact of these compounds on mango aroma,

with all grouped additions scoring higher (although only

Table 6. Impact of spiking five candidate compounds on reporting of fruit-type aroma descriptors in mature whisky product. Results
are presented as the average scores of 16 panellists across two duplicate sensory sessions.

Whisky Combination additive Mango Peach Orange Apple
2 None 51.7 @ 4242 333° 339°
13 + IBA, IVA, ACD, IVD, 2HN 486 2b 43.1 2 259 @ 40.8 °
13 + IBA, IVA, ACD, IVD 46.9 abc 429 @ 265 @ 338°
13 + IBA, IVA, ACD 47,0 2bc 4152 25.0° 403 °
13 + IBA, IVA 48.8 b 36.4 2 240 ° 37.7 °
13 + IBA 34.4 b 452 2 20.7 @ 373¢
13 None 323 ¢ 3752 225 40.12

Superscript letters signify post-hoc significance groups as determined by Tukey’s HSD. Traits scored on a scale of 0-100.
IBA: isobutyraldehyde; IVA: isovaleraldehyde; ACD: acetaldehyde diethyl acetal; IVD: isovaleraldehyde diethyl acetal; 2HN: 2-heptanol.

Table 7. Impact of spiking isobutyraldehyde, isovaleraldehyde, and isovaleraldehyde diethyl acetal on reporting of fruit-type aroma
descriptors in mature whisky product. Results are presented as the average scores of 16 panellists across two duplicate sensory

sessions.

Whisky Combination additive Mango Peach Orange Apple
13 + IBA, IVA, IVD 5332 45.0 @ 32.1° 37.7°2
13 + IBA, IVA 473 % 47.0 @ 236 ° 43.7 @
13 + IVA, IVD 452 5152 33.2° 4192
13 + IBA 44,9 45.0 @ 32272 433 °
13 + IVD 438 5142 304 ° 48.4 @
13 + IVA 38.7 @ 4732 2732 443 @
13 None 340" 46.4 @ 30.7 @ 451 @

Superscript letters signify post-hoc significance groups as determined by Tukey’s HSD. Traits scored on a scale of 0-100.

IBA: isobutyraldehyde; IVA: isovaleraldehyde; IVD: isovaleraldehyde diethyl acetal.
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subtly in some cases) than individual compound additions.
Simultaneous addition of isobutyraldehyde, isovaleraldehyde,
and isovaleraldehyde diethyl acetal into the base spirit
returned the highest overall mango value (53.3) and full
post-hoc separation from the base spirit (Table 7).

Conclusions

The present work has assessed the sensory and volatile
profiles of 14 commercially available whiskies and identified
substantial differences in the reporting of mango and
tropical-type aromas and overall volatile composition across
the product range investigated. Several volatiles of varying
chemical groups (acetals, esters, ketones, and alcohols) were
found to correlate positively with the reporting of mango
and tropical aroma descriptors in commercial whiskies. A
role for some aldehydes and acetals to positively contribute
to mango-type aroma in a whisky matrix was confirmed by
sensory analysis of a base spirit spiked with candidate aroma
compounds. Addition of individual aldehydes (isobutyral-
dehyde and isovaleraldehyde) and acetal compounds (iso-
valeraldehyde diethyl acetal) to a base whisky presenting
low mango aroma resulted in an increase in reported mango
aroma and movement of experimental samples into a dif-
ferent Tukey post-hoc grouping to the base whisky. Addition
of isobutyraldehyde, isovaleraldehyde, and isovaleraldehyde
diethyl acetal together into the base whisky resulted in the
complete post-hoc separation of the experimental sample
from the base whisky and significantly increased reporting
of mango-type aroma in the sample. Analysis of some can-
didate compounds identified by correlation analysis was
limited by the availability of food-grade standards, and these
warrant further investigation. The volatile compounds iden-
tified in the present trial as contributing to mango-type
aroma in mature whisky products are not newly identified
in whisky, and known mechanisms of control for these
volatiles exist within common industrial process steps. It is
therefore likely that distillers wishing to increase or decrease
the novel mango/tropical aroma trait in their products
already possess the tools to do so within current distillery
practices.
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