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Summary  Sensory thresholds of hotness and pungent odour were determined from 120 chilli users. Three groups of
Light (L), Moderate (M), and Heavy (H) chilli users were categorised based on their chilli consumption
habits and sensitivity to hotness standard solutions. After the screening test, the users participated in 12
Alternative Forced Choice (AFC)-sets, for each of three stimuli (capsaicin and 1-Penten-3-One (1P30)
odour and dried chilli powder). The dried chilli 3-AFC sample’s concentration range was calculated to
equate the same range of standard capsaicin stimuli for hotness sensation measurements. Concentrations
of the three stimuli tested were in a range of (0.08-16.80 dry basis g L") for standardised dried chilli
powder, (0.10-20.16 mg L") for capsaicin, and (0.01-2.04 pL L™") for 1P30. Heavy chilli users group
threshold, as anticipated, indicated the highest average recognition level of stimuli in terms of pungency
odour perceived from dried chilli (5.88 g L") and 1P30 (1.34 pL L"), as well as for hotness sensation
from dried chilli (7.19 g L™") and capsaicin (12.79 mg L") samples. The magnitudes of heavy user’s
thresholds were exponentially higher than that of light users. At the recognition thresholds of oral hotness
perception, the level of capsaicin presented in dried chilli sample was found to be much lower than the
concentration of standard capsaicin sample. It was concluded that pungent odours and other flavours in
dried chilli, increase hotness perception as compared with capsaicin stimulus. We also confirmed that
1P30 contributes to chilli pungent odour.
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curries and plant-based natural flavours, and of conve-

Introduction nient ready-to-cook and ready-to-eat products (The

Chilli is a small pepper pod belonging to the Capsicum
genus which delivers an oral hot sensation. Its wide-
spread use is characteristic of tropical climate cuisines,
due to the body’s physiological adjustment (Mattes &
Ludy, 2016; Defrin et al., 2021), or so-called gustatory
sweating (Mosley, 2017). Asia-Pacific represents the
largest chilli production and consumption market,
while the majority of global chilli users are in the food
manufacturing industry (Centre for the Promotion of
Imports from developing countries (CBI), 2022). In
terms of global consumption, Europe has seen the fast-
est growth of 6.11% in chilli consumption (Mordor
Intelligence, 2023). The global growth of chilli usage
seen in recent years within the food sector could be
attributed to the increases of popularity of veganism
(as flavour enhancer), of exotic cuisines including
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Growth Report, 2020; CBI, Centre for the Promotion
of Imports from developing countries (CBI), 2022;
Han et al., 2022; Jamaluddin et al., 2022; Yin
et al., 2022). Chilli has also attracted more attention
due to capsaicin’s suggestive benefits on weight control
(Hernandez-Pérez et al., 2020; Siebert et al., 2022;
Rezazadeh et al., 2023).

Cayenne, Long Fed, and Spur peppers are com-
monly known names of Capsicum annuum L. var.
acuminatum Fingerh. This type of chilli is grown
and consumed worldwide. It is mostly and conve-
niently preserved in dried powder or flake forms for

domestic consumption and export market. Food
manufacturers use dried chilli for ready-to-cook
products such as seasoning mixes, gravies, chilli

pastes, and in ready-to-eat snacks and meals (Toon-
tom et al., 2016; Jamaluddin ef al., 2022; Seth &
Singla, 2022). How much dried chilli can be used in
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the food items is limited by hotness sensation caused
by capsaicin compounds, capsaicinoids. Capsaicin
when ingested creates levels of irritation in the
mouth such as tingling, warm, hot, or even burning
or numbing sensations. The perceived hotness inten-
sity is also influenced by other stimuli such as fat,
salt, acid, and sugar in the food compositions (Kos-
midou et al., 2013; Schneider et al., 2014; Zhang
et al., 2018; Ramirez-Rivera et al., 2021) as well as
pungent aromas (Toontom et al., 2016; Korkmaz
et al., 2020). Other compounds such as sanshools
predominantly found in Szechuan pepper also create
tingling and numbness via tactile vibration (Hagura
et al., 2013) which is deemed to be a popular char-
acteristic among Chinese food lovers (Zhang
et al., 2021). The temperature of food matrix also
affects the hotness magnitude and duration (Leijon
et al., 2019; Han et al., 2022; Wu et al., 2024).
These are a few of the factors, in addition to
repeated exposure and familiarity with chilli,
influencing hotness perception (Toontom et al., 2016;
Zhang et al., 2018; Han et al, 2022; Siebert
et al., 2022).

Our objective in this research was to measure the
hotness sensation caused by capsaicin which is
intensely found in dried chilli peppers in C. annuum L.
Capsaicin acts by activating Transient Receptor Poten-
tial Vanilliod Subtype 1 (TRPVIs) receptors in the
mouth, triggering piquancy or heat sensation (Nolden
& Hayes, 2017), or spicy, tingling, and burning sensa-
tions, which are collectively identified from testers as
oral hotness (Toontom et al., 2016; Zhang et al., 2020;
Lyu et al., 2021). We were also interested to explore
the effects of aroma, 1-Penten-3-One (1P30) which
was proposed in a study conducted by Toontom
et al. (2016) to be responsible for pungent odour in
dried chilli (C. annuum Linn. Var. acuminatum Fin-
gerh). That study analysed the dried chilli samples
using Gas Chromatography — Mass Spectrometry
(GC-MS) in conjunction with a trained sensory panel
(n = 15). It was identified that 1P30O gave strong hot-
ness sensation when mixed with capsaicin. The notion
that 1P30 acts as a major contributor to pungent
odour in fruits and vegetables has also been supported
in several studies, as found in bell pepper (Luning
et al., 1995; van Ruth et al, 1995), horseradish
(McGorrin, 2019), olive oils (Genovese et al., 2018;),
rocket leaves (Raffo et al, 2018), tomatoes and
oranges (Mall et al., 2018), and kiwifruits (Zhao
et al., 2021).

The human perception of stimulus concentration is
measured by intensity unit or ‘sensory threshold’. Sen-
sory threshold has been defined and measured in sev-
eral categories such as absolute or detection,
recognition, difference, satiation, trade-off, rejection,
or rejection tolerance thresholds (Prescott &

Stevenson, 1995; Lawless, 2010; Lawless & Heymann,
2010; BS ISO 3972, 2011; Ardoin et al., 2020). Detec-
tion threshold is understood as the minimum concen-
tration of a particular stimulus that is detectable by
testers, also known as stimulus awareness which may
or may not be recognisable, while recognition thresh-
old is specified concentration when the stimulus is cor-
rectly identified (Lawless, 2010; BS ISO 3972, 2011; BS
ISO 13301, 2018). In this study, we measured recogni-
tion thresholds of standard compounds, in addition to
measuring hotness perception in dried chilli solutions.
Capsaicin was used as standard stimuli for measure-
ment of hotness threshold measurement, and 1P30O for
pungency odour. Dried chilli samples were made by
calculating capsaicin content’s equivalent in order to
cover the concentration range of standard capsaicin
solutions. We hypothesised that the hotness perception
would be higher in dried chilli solutions when com-
pared with standard capsaicin at the same capsaicin
concentration.

Dried chilli was also used as stimuli in this study
measuring for hotness and pungent odour thresholds,
to explore effects of other food compounds in this
popularly used condiment. One of our attempts in
this study was to explore the hotness and pungency
thresholds of mixed stimuli (i.e. not a single standard
compound such as capsaicin or 1P30). Dried chilli has
been part of top-up condiments, similar to salt and
pepper in western meal pattern. A sachet of dried chilli
powder accompanies snacks and ready-to-cat meals in
the South-East Asian market; it is commonly provided
in instant foods packets as well as in food outlets as
complimentary flavour enhancer. It was also antici-
pated in this study that 1P30O could be used as a case
study for using aroma to enhance hotness perception,
enabling lowering of the amount of capsaicin or san-
shools and their burning sensations. This should
appeal to food developers to introduce ‘chilli
sensation’ while optimising chilli content in new mar-
kets where consumers are not accustomed to or are
sceptical about having chilli in their food.

The literature has reported some inconsistency of
thresholds arising from variations in measurement
method, stimuli, tester’s dietary and habitual amount
of chilli consumption (Lawless, 2010; Zhang
et al., 2018; Siebert et al., 2022). Frequency and the
quantity of chilli normally consumed have been
reported to have an impact on hotness perception
(Cowart, 1987; Stevenson & Prescott, 1994; Lawless
et al, 2000; Reinbach et al., 2007, Ludy &
Mattes, 2012; Nolden & Hayes, 2017; Spinelli et al.,
2018; Siebert et al., 2022; Su et al., 2022; Zhang
et al., 2023). This study was correspondingly designed
to recruit testers based on categories of their habitual
chilli consumption (drawn from certain age groups to
limit variations), and in anticipation that differences in
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thresholds would be observed among chilli user
categories.

It is evident that there is a gap when comparing
thresholds of both hotness and pungent odour using a
homogeneous and large set of testers. Our study makes
a contribution to the literature by focusing not only
on standard capsaicin and 1P30O stimuli but also by
examining the hotness thresholds in dried chilli sam-
ples. We have also explored sensory thresholds across
three chilli user categories based on chilli intakes in
regular diets: light, moderate, and heavy users.

Materials and methods

Recruitment of chilli users

The study took place at the sensory test facilities of
Prince of Songkla University (PSU), Department
of Food technology, in Thailand, over the period of 5
days. The recruitment criteria were based on the
testers’ chilli consumption (frequency and approxi-
mated declared amount per day) as well as their pref-
erence for popular Thai spicy food dishes (PSU
Ethical approval No. 228/2551). First, 132 volunteer
candidates whose age ranged between 18 and 35 years
were invited to participate in a hotness screening test.
The selected age range of testers was supported by the
literature, which has indicated that young testers
tended to have higher sensitivity and were less influ-
enced by physiological factors (Fukunaga et al., 2005;
Trachootham er al., 2018; Siebert er al., 2022; Su
et al., 2022).

The candidates completed a questionnaire adapted
from Byrnes & Hayes (2013), Ludy & Mattes (2012),
Toontom et al. (2016), and Spinelli et al. (2018)
which included hedonic responses. It comprised of
five chilli consumption-related sections, as follows: (i)
Frequency of consumption of chilli-containing foods,
(i) Amount of chilli added per dish, (iii)
Self-reported hotness level in daily diet, (iv) Liking of
chilli flavours in popular Thai spicy foods, and (v)
Attitudes (including liking) towards hotness levels of
selected food samples with various amount of added
capsaicin. They then underwent tasting a series of
twelve sets of 3-AFC capsaicin solutions (0.00-10.00 -
mg L™') to gauge hotness perception by individuals,
as well as to give an idea of concentration range in
the subsequent threshold tests. Following from this,
120 participants were recruited based on their hotness
sensitivity, chilli intake habit and commitment to par-
ticipate in all of the threshold tests. The recruited
subjects received a small amount of incentive to par-
ticipate on three testing days. Three groups of chilli
users were then identified as Light (L), Moderate
(M), and Heavy (H) users based on the characteris-
tics shown in Table 1.
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The sample preparations

Based on the capsaicin ranges reported in hotness
threshold studies, and the information gathered during
the candidate sensitivity screening test, we then
pilot-tested 3-AFC sample sets for 1P30, capsaicin,
and dried chilli solutions on small groups of testers
recruited into H, M, and L groups (n = 10 each) to
finalise the coverage of our stimuli concentration test
ranges. An objective was that an individual’s thresh-
olds should not fall either outside or near the limits of
a range, but well within it.

The serials of increasing concentration dilutions for
each stimulus (capsaicin, 1P30, and dried chilli) were
decided and prepared as stated in (a), (b), and (c)
below, respectively. The sample serving design fol-
lowed the 3-AFC method (ASTM E679-04, 2011; BS
ISO 13301, 2018) with an increment factor of 1.62
presenting:

(a) Twelve sets of capsaicin (>95.0%, Sigma, USA)
concentrations (0.10, 0.16, 0.26, 0.43, 0.69, 1.12, 1.81,
2.93, 4.74, 7.68, 12.45, and 20.16 mg L*l) for hotness
threshold measurement.

(b) Twelve sets of 1P30 (97.0%, Aldrich, Germany)
samples (0.01, 0.02, 0.03, 0.04, 0.07, 0.11, 0.18, 0.30,
0.48, 0.78, 1.26, and 2.04 uL L") for pungent odour
threshold measurement.

(c) Twelve sets of dried chilli (ground dried chilli
C. annuum Linn. var. acuminatum Fingerh.) solu-
tions (The research chilli peppers (Capsicum
annuum Linn. var. acuminatum Fingerh.) were
hand-picked, harvested, dried with hot air oven to
reach the moisture content of 10%-13%, packed in
aluminium laminated bags under vacuum condition,
and then stored at -20 °C (Toontom et al., 2016).
Just prior to each testing session, the chillies were
ground to be used for the test. The dried chilli
samples were passed through a sieve to get a
homogeneous chilli powder (80 meshes), according
to Thai Community Product Standard of ground
chilli (TCPS 492-2004). The final range of concen-
trations 0.08-16.08 g L™' dried chilli solutions was
decided based on estimated capsaicin content from
the information collected from candidate screening
and pilot tests. The mixtures of 2% ethanol and
chilli powder were stirred under room temperature
for 10 min and filtered using filter paper No.4 to
prepare the stock solutions before administering
them: (0.08, 0.13, 0.22, 0.36, 0.58, 0.93, 1.51, 2.44,
3.95, 6.40, 10.38, and 16.80 g L_l). This series of
dried chilli solutions also equate to capsaicin con-
centrations of 0.09, 0.15, 0.26, 0.42, 0.68, 1.09,
1.77, 2.85, 4.62, 7.49, 12.14, and 19.66 mg L',
respectively. These equivalent capsaicin concentra-
tions were calculated based on capsaicin content of
the study’s dried chilli powder (identified by HPLC

International Journal of Food Science and Technology 2024

85UB01 T SUOWIWIOD BA 181D 3|qeot[dde aup Ag peusencb a1e sejolie YO ‘8N Jo S9Nl Joj AkeiqiTauljuO /8|1 UO (SUONIPUOD-PUR-SLLIBIWOD A8 |1 Ale.d1jBullJUO//SdnL) SUONIPUOD pue SWB L 81 88S " [1202/90/70] Uo AridiTauluo A8 AisieAlun swepy jedieH A 22TTSHTTTT OT/I0p/woo A3 Im AeIqipuljuo Is}//sdiy woly pepeojumod ‘0 ‘T292S9ET



Hotness & pungency thresholds of chilli users N. Toontom et al.

Table 1 Characteristics of chilli user groups

Light (L) chilli users

Moderate (M) chilli users Heavy (H) chilli users

(n = 40) (n = 40) (n = 40)
Mode Frequency (%) Mode Frequency (%) Mode Frequency (%)
Frequency of consumption of 2 88.57 4 40.00 6 82.86
chilli-containing foods (scores 1-7)"
Self-classified hotness level in daily 1 68.57 2 82.86 3 57.14

spicy food intake (scores 1-3)*

Mean score (L users) Mean score (M users) Mean score (H users)

Amount of chilli consumed per meal (estimated capsaicin content (mg g~"))

Liking of chilli flavour in popular spicy dishes (scores 1-9)%

1.71 £ 0.42°2
7.45 + 0.947

1.03 + 0.58°
6.53 + 0.75°

0.49 + 0.34°
3.80 + 0.91°

Different superscripts (*°) within a row show significant difference (P < 0.05).
"Frequency of chilli consumption (1 = rarely, 2 = less than once a month, 3 = a few times a month, 4 = three to four times a week, 5 = almost every

day, 6 = everyday, 7 = many times a day).

*Level of hotness in food in comparison to added dried chilli (1 = a sprinkle or less (less than 2.12 g/dish), 2 = around a teaspoon (up to 4.25 g/
dish), 3 = a teaspoon to a tablespoon (4.25-9.71 g/dish), 4 = more than a tablespoon).
SLiking of chilli flavour (9-point category hedonic scale 1 = extremely disliked, 9 = extremely liked).

analysis in the dried chilli solutions as 0.98-1.29 -
mg g~'). This analysis is reported in the
Appendix S1. This set of dried chilli solutions was
used for both hotness and pungent threshold
measurements.

Design of the threshold tests

Individual testers underwent preparation to taste a
maximum of twelve sets for each measurement, in four
distinct testing sessions (three triads each session) with
a break of at least half an hour between them. Sniffing
tests were conducted on the first testing day with two
stimuli of 1P30 and dried capsaicin solutions for pun-
gent odour threshold measurements. Then oral hotness
threshold was tested on two separate days. Capsaicin
solutions were tested on the second testing day and
dried chilli solutions on the final day with a break
between each testing day, that is, three testing days in
total spread over 5 days (Fig. 1).

The test design applied sensory ascending 3-AFC
method in a Randomised Complete Block Design
(RCBD). Each 3-AFC set consisted of three test sam-
ples, the triad presented one target sample (i.e. either
capsaicin, 1P30, or dried chilli solutions), and two
controls (2% ethanol made with filtered water) for
each concentration level and for all hotness and pun-
gent odour test sets. The cleansing materials used
included sucrose solution and water for hotness mea-
surements. The testers did not know that each sample
set was presented to them in ascending order of con-
centration, nor were they told what substances (capsai-
cin, 1P30, dried chilli, ethanol (control)) would be in
the test solutions.

The testers were informed on each testing day that
the test samples were from a range of test solutions
representing hotness solutions and odourants. On the
testing day, testers went through a maximum of four
testing sessions, of three triad sets in each session. The
participants were instructed to identify one sample in
each set in which they could detect something different
than the other two samples (controls). The testers were
also asked to record if they noticed a detectable taste
or odour, thus giving a certainty judgement (either
guessing or not). If detected, they were then asked to
specify what the detectable taste or odour of the sam-
ple was. The individual Best Estimated Threshold
(BET) was calculated using the Geometric Mean
(GM) of the concentration at which the highest hot-
ness missed and the next higher concentration (cor-
rectly identified) of the hotness sensation or pungent
odour. For example, (see Fig. 2 as an example of the
results from capsaicin hotness thresholds identified by
L users) tester ID2 GM is calculated from capsaicin
concentrations of 0.26 and 0.43, which is 0.33.

For hotness threshold tests, samples of 10 mL of
capsaicin and dried chilli solutions were presented in
porcelain cups. The participants tasted each sample set
under a red-lighted booth to mask the sample’s colour.
They were instructed to, firstly, hold a sample in the
mouth for 15 s; secondly, spit the solution out; thirdly,
wait for 30 s, and finally carry out the evaluation.
After testing each sample, the participants were also
required to rinse their mouths with sucrose solution
(10% sucrose w/w in water) (Nasrawi & Pangborn,
1990; Lee & Kim, 2013) as the use of sugar contributes
to reduction of oral irritations from capsaicin (Schnei-
der et al., 2014; Ramirez-Rivera et al., 2021). Milk was
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THRESHOLD NIEASURENIENTS

Taster recruitment

Chilli consumption &
sensitivity test criteria

Skipped
adding chilli N preferred chilli
in their food

Always added
chilli on top

Most believed the food
was tastier with added chilli

Figure 1 Hotness and pungency threshold measurement design.
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\WNOHG THREE PS OF

e +

CHILLI USERS

é -+

Sniffing tests on 1P30 & dried chilli sample

Capsaicin
solutions

€+

Capsaicin oral hotness tests

=
Dried Chilli
solutions

Dried chilli oral hotness tests

Group (L) Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 Set 7 Set 8 Set 9 Set 10 Set 11 Set 12
Capsaicin

Conc. (mg/l) 0.1 0.16 0.26 0.43 0.69 1.12 1.81 2.93 4.74 7.68 12.45 20.16

D2 1 1 0 1 1 1 1 1, 1 1 1 1

Bitter Bitter Bitter Hot Hot Hot Hot Hot Hot Hot Hot Hot

D4 0 0 1 0 0 1 1 1 1 il 1 1

Sweet Sweet Sweet Bitter Hot Hot Hot Hot Hot Hot Hot Hot

ID9 1 1 0 0 1 1 0 1 1 1 1 1

Sweet Sweet Sweet Sweet Sweet Bitter Bitter Hot Hot Hot Hot Hot

ID11 0 0 1 1 1 1 1 1 1 1 1 1

Sweet Sweet Hot Hot Hot Hot Hot Hot Hot Hot Hot Hot

ID15 0 0 1 0 1 1 1 1 1 1 1 1

Sweet Sweet Bitter Bitter Hot Hot Hot Hot Hot Hot Hot Hot

ID18 0 0 1 1 1 1 1 1 1 il 1 1

Sweet Sweet Hot Hot Hot Hot Hot Hot Hot Hot Hot Hot

Figure 2 An example of how the individual thresholds were identified from capsaicin threshold test in L users.

not chosen to be used as a palate cleanser due to its
residual effects and interference to perception of the
stimuli with low concentrations (based on our study’s
pilot test). The cleansing procedure continued by
rinsing further five times with water and waiting for
at least 3 min before proceeding to the next
sample (adapted from Allison et al., 2007; Lawless

© 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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et al., 2000). In total, there was at least a 30-min break
between each sample set.

For pungent odour and dried chilli sample sets, the
samples were presented in covered dark glass bottles
of 10 mL solution to mask the interfering colour and
to control the volatiles in the containers. The testers
were instructed to smiff the sample for 5s, and to
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Group (L) Setl Set 2 Set 3 Set4| Set5 Set 6 Set7 Set 8 Set9| Set10| Set1ll| Setl12

1P30 (pl/1) 0.1 0.16 0.26 0.43 0.69 1.12 1.81 2.93 4.74 7.68| 12.45| 20.16

ID2 1 1 0 1 1 1 1 1 1 1 1 1
Plastic Plastic Plastic Pungent Pungent Pungent Pungent Pungent Pungent Pungent Pungent Pungent smell

ID4 0 0 1 0 0 1 1 1 1 1 1 1
Plastic Plastic Metallic Metallic Metallic Pungent Pungent Pungent Pungent Pungent Pungent Pungent smell

ID9 1 1 0 0 1 1 0 1 ) 1 1 1
Detectak Detectak Metallic MetallicJff smellDff smell Metallic Pungent Pungent Pungent Pungent Pungent smell

ID11 0 0 1 1 1 1 1 1 1 1 1 1
Plastic Plastic Pungent Pungent Pungent Pungent Pungent Pungent Pungent Pungent Pungent Pungent smell

ID15 0 0 1 0 1 1 1 1 1 1 1 1
Detectak Detectak Detectak Plastic Pungent Pungent Pungent Pungent Pungent Pungent Pungent Pungent smell

ID18 0 0 1 1 1 1 al 1 il 1 1

Plastic Plastic Pungent Pungent Pungent Pungent Pungent Pungent Pungent Pungent Pungent Pungent smell

Figure 3 An example of how the individual thresholds were identified from 1P30 pungent odour test in L users.

rapidly evaluate them. Cleansing procedures between
each 1P30 samples started with sniffing a non-scented
facial tissue paper before proceeding to test the next
sample in two-way air circulated testing rooms (Reilly
& York, 2001; Frasnelli et al., 2009). The participants
recorded their choice and identified the smell for each
set/concentration of the three stimuli. The example of
recorded sniffing test results is shown in Fig. 3.

All the sample containers were coded with
three-digit random numbers and were presented at a
controlled temperature of 25 °C. The order of sample
presentation was randomised within each triad, in
every session throughout the three testing days.

Statistical methods

The calculations of group recognition thresholds of
hotness and pungent odour were carried out using
Average Threshold from individual BET data. Logistic
regression on pooled data was also estimated (Group
Threshold) to provide a comparison.

ASTM E679-04 (2011) suggests calculation of aver-
age group threshold using individual best estimate
threshold (BET). The group BETs were correspond-
ingly calculated based on the individual BETs (ASTM
E679-04, 2011). The geometric mean threshold is a
measure of central tendency calculated by multiplying
a series of numbers and taking the nth root of the
product, where ‘n’ is the number of items in the series
(Markowitz, 2012). In this study, the Average Thresh-
old was computed as the geometric mean of the high-
est concentration missed (or incorrect) and the next
higher concentration (correctly identified) (Law-
less, 2010; Zhang et al., 2023).

Logistic regression was also estimated to measure
the probability of correct choices by 3-AFC
method (Lawless, 2010; BS ISO 13301, 2018). The

concentrations of dried chilli and capsaicin hotness
and pungent odour of 1P30 were the predictor vari-
ables. A correct identification of an odd sample was
the predicted outcome (the dependent variable). To
determine the threshold levels using the logistic regres-
sion method, the percentage correct (% correct) was
converted to the percentage correct response chance
(% correct response chance). That was done for every
concentration and each sample using Abbott’s formula
(eqn 1) (Lawless, 2010), and by plotting the percentage
correct response chance against the concentration
level.

%correct above chance

(%ocorrect—Y%correct by chance)
(100—%correct by chance)

=100 x (1)

Logarithmic trend lines in the form Y = M In
(x) + ¢ were fitted with data for determining thresh-
olds. Theoretically, the thresholds are usually deter-
mined at the probability of a 50% recognition level.
Regarding 3-AFC test, with a probability of 33.3%
correct by chance, 66.7% of identifications were thus
required for a correct answer to represent a true pro-
portion of 50% (Lawless, 2010; Cliff et al., 2011). The
correct identification was calculated as shown in eqn 2.

50— 100 x (y-33.3)
~ T (100-333) Q)
y =667

The proportions of correct response were then plot-
ted and fitted to a logistic regression equation for pre-
dicting the individual recognition threshold as
displayed in Fig. 7.

Group and Average thresholds were calculated
across the three stimuli measured. Threshold values
were tested for normal distribution and were
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log-transformed prior to performing the Analysis of
Variance (ANovA) (Cliff er al., 2011). ANovA was also
employed to evaluate the effects on the likely distinct
chilli-user groups. Significant differences between
means were estimated by Duncan’s new multiple range
test (DMRT), with a level of significance of 0.05. Sta-
tistical analyses were performed by using the Statistical
Package for Social Science (IBM Corp, 2021).

Results and discussion

Classification of chilli users

The classification of the participants was based on
both quantitative and qualitative information gathered
from their chilli consumption (the questionnaire is
available upon request). As proposed by Ludy &
Mattes (2012) and Byrnes & Hayes (2013), hedonic
responses to hotness were included as predictors to
classify threshold groups. Chilli consumption per dish
was estimated from reported amount of dried and
fresh chilli normally used in four popular daily foods
(papaya salad, noodle, spicy & sour soups (Tom yum),
and spiced salad). Thus, from the analysis of frequency
of chilli use, it was possible to identify three categories
of chilli users: Light (L), Moderate (M), and Heavy
(H) as summarised in Table 1.

Light chilli users consisted of a group of
twenty-nine females and eleven males whose ages ran-
ged from 20 to 35 years. They typically added chilli in
their foods <1 month™' with an estimated chilli use
content of less than 2.12 g/dish in their diet (Ludy &
Mattes, 2012; Byrnes & Hayes, 2013). The average
chilli liking score for this group was close to the char-
acterisation ‘disliked slightly’ (score 3.80/9).

Moderate chilli users consisted of twenty-eight
females and twelve males whose age ranged from 19 to
35 years who ate spicy foods every other day (3-4
times week ') in amounts of approximately 2.12-4.25
g/dish. Their average chilli liking score was ‘liked
moderately’ (score 6.59/9).

Heavy chilli users consisted of twenty-five females
and fifteen males whose age ranged from 20 to 34 years.
These users ate chilli-containing foods daily, had a habit
of adding chiili into the dishes, and liked chilli ‘taste’
very much (score 7.45/9). Their estimated chilli con-
sumption ranging 4.25-9.71 g/dish. These chilli users
had the least discriminating ability of hotness sensation
as established from pre-testing capsaicin stimulus.

In comparison, Othman et al. (2011) reported 15.5 g
of chilli daily intake from the population of
Riyadh city, equating to 7.58 mg of capsaicin/person/
day. This study compared its results to other studies,
finding reported chilli intake to be higher than
reported from samPles of Thais (5gday') and
Indians (2.5 g day '), but lower than Mexicans

Hotness & pungency thresholds of chilli users N. Toontom et al.

(20 g day™'). Orellana-Escobedo et al. (2012) reported
average chilli intake among their Mexican testers of
21.92 g day~! (8 kg/year per capita). Mexican chilli
users are well known for their regular high chilli intake
and would be anticipated to have higher threshold for
hotness perception, but it was found to be in close
range or lower when compared to American users
(Orellana-Escobedo et al., 2012). The authors dis-
cussed that this could arise from variations in the
preparation of sample as well as possible desensitisa-
tion among chronic chilli users, which could be the
case for our Heavy users. Self-reported chilli intake
frequency is also used to categorise chilli users. Lyu
et al. (2021) found a significant difference in intake fre-
quency of spicy food per year between their consumers
recruited from young Caucasian adults in the Nether-
lands. The intake of spicy food ‘once a week’
(fifty-two times a year) was then applied as a cut-off
point to separate frequent and infrequent chilli users.
The significant difference of hedonic scores between
the two chilli users was observed in the study, as well
as from our L, M, and H frequent chilli users with sig-
nificant differences (P < 0.05) as shown in Table 1. L
users agreed that they sometimes avoided having chilli
in ready-to-eat/ready-to-cook dishes whilst M users
preferred to have chilli, and H users always added
chilli and thought the food was tastier with the chilli
top-up. Some of our testers categorised as Heavy
Users were likely to have a similar amount of chilli
intake per day (4.25-9.71 g/dish) as those Saudi Ara-
bian testers reported by Othman et al. (2011) whereas
the reported 5 g of chilli intake in Thais is consistent
with the range of chilli intake reported from our Mod-
erate Users (assuming they ate at least two of the
dishes a day). Although the measured amount and fre-
quency of chilli intake were not proportionately accu-
rate predictors of hotness threshold in this study, this
categorisation as L, M, and H provides a basis for
comparison to chilli users elsewhere in the world.

Individual BET and Group thresholds of pungent
odour and hotness

Individual BETSs

The identified concentrations when the substance was
detected and when it was correctly recognised were
recorded in both hotness and pungent odour tests.
Even though we focus on discussing recognition
thresholds in this paper, we found interesting patterns
of how the hotness and pungent odour were detected
(i.e. the odd sample was correctly chosen) but were
not recognised (i.e. hotness sensation or pungent
odour was not correctly specified) within and among
L, M, and H users in the raw data records. For exam-
ple, results from oral hotness test with dried chilli
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solutions (0.08-16.8 g L', equivalent to capsaicin
0.09-19.66 mg L") indicate a clear perception pattern
in L users. Once the sample was correctly detected and
recognised, they would be able to correctly recognise
the hot sample in other triads with higher concentra-
tions (Fig. 4), whereas H users showed inconsistency
(Fig. 5). This could be most likely caused by lower
sensitivity to capsaicin in heavy, frequent chilli users.
This is also reported in recent studies such as Lyu
et al. (2021) and Su et al. (2022). The ‘noise’ in other
compounds present in dried chilli solutions seems to
have greater impact on H group’s hotness perception
and test performance than on the L group. This is evi-
dently seen in various tastes being incorrectly identified
in the H user’ results (Fig. 5). Han ef al. (2022) sug-
gested that capsaicin increased taste sensitivity by low-
ering recognition threshold at low concentration of
capsaicin around 1 pM (0.31 mg L™"). While this may
be the case of L users at Triads 3 and 4 of the dried
chilli solutions (0.22-0.36 g L™' equivalent to capsai-
cin 0.26-0.42 mg L™') when bitter taste was identified
on the correctly detected samples, it is not the case
from H group results. In terms of the range of sub-
stance concentrations, the maximum of capsaicin con-
centration used in this study is higher than 64 pM,
which gives coverage of most capsaicin concentrations
reported in the threshold tests. Results from H group
show the same inconsistency pattern when hotness
threshold was measured in capsaicin solutions (Fig. 6).
Sweet taste was incorrectly identified in low capsaicin
concentration, which could be associated with cleans-
ing material (10% sucrose solution), and more bitter
taste was incorrectly identified in later triads with
higher capsaicin concentrations. No sour taste was
identified from capsaicin samples but was identified in
dried chilli solutions which could be an influence from
several volatile acids and furans found in dried cay-
enne pepper such as acetic acids and 2-Acetylfuran
(Toontom et al., 2016; Korkmaz et al., 2020).

Group thresholds

Average thresholds based on individual BETs

Based on the results from Individual BETs, the aver-
age scores of Geometric means on each measurement
of L, M, and H groups are displayed in Table 2. It
can be seen clearly that the Average thresholds of
oral hotness and pungent odour are significantly dif-
ferent among the three chilli users (P < 0.05). The
results will be next discussed with Group thresholds
calculated from Logistic regression analyses.

Hotness thresholds from capsaicin and dried chilli stimuli

The logistic regression predicts the recognition
thresholds for capsaicin hotness sensation to be 12.79
mg L' for heavy wusers, 2.36 mgL~' for the

moderate, and 0.96 mg L' for light chilli users,
respectively (Table 3 and Fig. 7c). As for the stimuli
recognition regarding dried chilli samples, we found
the predicted Group thresholds of hotness exponen-
tially decline from 7.19 g L' for the heavy to 2.23 g
L' for the moderate and 0.58 g L' for the light
users (Fig. 7d). While Average BET thresholds agree
with the predicted group threshold as the heavy
chilli-user group also had the highest hotness threshold
of 7.07 g L™ stimulated by dried chilli samples, and
11.75 mg L™ by capsaicin solutions. The two calcula-
tion methods present similar range of threshold values
across the three user groups despite the possibility of
non-linear hotness perception.

The hotness thresholds of capsaicin calculated from
BETs of 0.87, 2.09, and 11.75 mg L' are equivalent
to 2.81, 6.74, and 37.90 pM (0.31 mg L™ capsaicin is
equal to 1 pM) from our L, M and H users, respec-
tively. The hotness thresholds of dried chilli, represent
0.68, 2.61, and 8.41 mg L' capsaicin (average of
1.17 mg capsaicin g~' of the researched dried chilli)
which are equivalent to 2.19, 8.42, and 27.13 uM for
L, M, and H users, respectively.

It can be concluded that the dried chilli solutions
affected oral hotness perception with lower capsaicin
content when compared with standard capsaicin solu-
tion, in L and H users.

Pungent thresholds from 1P30 and dried chilli stimuli
From the logistic regression prediction, the predicted
recognition thresholds for pungent odour of 1P30
stimulus indicated it was at a concentration of 1.34 pL
L' for the heavy, 0.23 pL L' for the moderate, and
0.06 pL L™! for the light users, respectively (Fig. 7a).
These values are close to the Average BET thresholds
(1.27, 0.20, 0.04 pL L~ ! from H, M, and L groups,
respectively). By sniffing, the heavy chilli users also
recognised low intensity of pungent odour in dried
chilli at a concentration of 5.88 ¢ L™' (Fig. 7b) which
is close to the Average BET threshold of 5.76 g L™.

Heavy chilli users tended to identify pungent odour
thresholds of 1P30 at exponentially higher levels of
over twenty times than that of Light users. This is
another indication that heavy chilli users are not only
less sensitive to oral hotness but also to pungent
odour. This is likely due to long-term use of chilli
(Cowart, 1987; Stevenson & Prescott, 1994; Lawless
et al., 2000; Reinbach et al., 2007; Ludy & Mattes,
2012; Nolden & Hayes, 2017; Siebert et al., 2022;
Zhang et al., 2023).

Notably, when testing 1P30 at low concentrations,
the testers identified the samples as having ‘metallic’,
‘off smell’, and ‘irritably strange’ odours (Fig. 3). A
previous study reported a group of ketone compounds
that contributed to metallic aroma perceived by sen-
sory panellists in green tea; however, 1P30 in that
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Triad test set (L users) 1 2 3 4 5 6 7 8 9 10 11 12
Dried chilli (g/1) 0.08/ 0.13| 0.22| 0.36| 0.58) 0.93| 1.51| 2.44| 3.95| 6.4| 10.38| 16.8
Capsaicin equivalent (mg/l) | 0.09| 0.15| 0.26/ 0.42| 0.68| 1.09| 1.77| 2.85| 4.62| 7.49| 12.14| 19.66
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Figure 4 Individual BET of hotness from dried chilli samples among L users. *Data in bold red text are responses correctly identified as hot-
ness, whereas the ones in bold blue text are the highest concentration missed. **Tester IDs highlighted in colours show inconsistency patterns

of identifying hotness samples.
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Triad test set (H users) 1| 2 3 a 5| 6 7 8 9 10 11| 12
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Figure 5 Individual BET of hotness from dried chilli samples among H users. *Data in bold red text are responses correctly identified as hot-
ness, whereas the ones in bold blue text are the highest concentration missed. **Tester IDs highlighted in colours show inconsistency patterns
of identifying hotness samples.
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Hotness & pungency thresholds of chilli users N. Toontom et al.

Triad test set (H users) 1 2 3 4 5 6 7 8 9 10| 11 12
Capsaicin conc (mg/l) 0.1 0.16/ 0.26]/ 0.43| 0.69| 112/ 1.81| 293 474 7.68] 12.45 20.16
1D6 0 0 1 0 0 1 0 1 1 1 1 0]
Sweet Sweet Sweet Sweet Sweet Sweet Sweet Bitter Bitter Bitter Bitter  Bitter|

1D8 0 1 0 1 0 0 i 1 1
Sweet Sweet Sweet Sweet Sweet Sweet Sweet Bitter Bitter Hot Hot Hot

ID10 0 1 1 0 1 0 1 0 1 1 1
Sweet Sweet Sweet Sweet Bitter Bitter  Bitter Bitter  Bitter Hot Hot Hot

ID16 0 1 1 0 0 0 1 i % 1 0
Sweet Sweet Sweet Sweet Bitter  Bitter Bitter Bitter Bitter  Bitter Hot Hot

D17 0 1 0 1 0 1 0 1 0 0 0 0
Sweet Sweet Sweet Sweet Bitter Bitter  Bitter Bitter  Bitter Bitter Bitter Bitter|

D21 0 0 0 1 0 0 0 7l 0 1 0
Sweet Sweet Bitter Bitter Bitter  Bitter Bitter Bitter Bitter  Bitter Bitter  Bitter!

D22 0 1 0 0 0 0 0 1 1 0 0 1
Sweet Sweet Bitter Bitter Bitter Bitter Bitter Bitter Bitter  Bitter Hot Hot|

D24 1 0 0 0 1 1 1 0 0 1 1 i
Sweet Sweet Bitter Bitter Bitter Bitter Bitter  Bitter Bitter Hot Hot Hot

D26 1 0 0 1 1 0 1 1 1 0 1
Sweet Sweet Bitter Bitter Bitter Bitter  Bitter Bitter  Bitter Hot Hot Hot

ID33 0 0 1 0 1 0 0 0 0 0 0 1
Sweet Sweet Sweet Sweet Bitter  Bitter Bitter Bitter Bitter Bitter Bitter Hot

ID35 1 1 0 1 0 1 0 1 1 1 0 1
Sweet Sweet Sweet Bitter  Bitter Bitter  Bitter Bitter Bitter  Bitter  Bitter Hot|

D37 0 0 1 0 1 1 1 1 0 0 1
Sweet Sweet Sweet Sweet Sweet Bitter Bitter Bitter  Bitter Bitter  Bitter Hot

ID39 0 1 1 0 0 1 0 0 1 A 0 0
Sweet Sweet Sweet Sweet Sweet Bitter Bitter Bitter Bitter Bitter  Bitter  Bitter|

1D42 0 1 0 0 1 1 7] 1 1 1 1 0
Sweet Bitter Sweet Bitter Sweet Bitter Bitter  Bitter  Bitter  Bitter _ Bitter  Bitter!

D43 0 0 1 0 0 1 0 0 1 1 1
Sweet Bitter Bitter  Bitter Sweet Sweet Bitter Bitter Bitter Bitter  Bitter Hot

D45 0 0 0 1 0 0 1 1 1 4 1 0
Sweet Bitter Bitter Bitter Sweet Sweet Bitter Bitter Bitter Bitter Hot Hot

D46 0 0 0 1 0 1 1 1 1 0 0 1
Sweet Sweet Bitter Bitter Sweet Sweet Bitter Bitter Bitter  Bitter Bitter Hot

D50 0 0 0 0 1 0 1 0 0 0 1 0]
Sweet Sweet Sweet Bitter Bitter Sweet Sweet Sweet Bitter Bitter Bitter  Bitter|

D52 0 1 0 0 0 0 0 1 0 1
Sweet Sweet Sweet Bitter Bitter Sweet Sweet Sweet Bitter  Bitter Bitter Hot

D53 0 0 1 0 1 1 1 1 0 1 1 1
Sweet Sweet Sweet Bitter Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

ID55 1 0 0 0 1 0 1 0 0 1 1 1
Sweet Sweet Sweet Bitter Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

D57 0 1 0 1 1 1 1 0 1
Sweet Sweet Sweet Bitter Bitter Sweet Sweet Sweet Bitter Bitter  Bitter Hot

D61 0 1 0 0 1 0 0 1 1 0 0 1
Sweet Sweet Sweet Sweet Bitter Bitter Sweet Sweet Bitter  Bitter Bitter Hot

D64 1 0 0 1 0 0 1 1 0 7 1 0
Sweet Sweet Sweet Sweet Bitter Bitter Sweet Sweet Bitter Bitter Bitter  Bitter|

D68 0 1 1 0 1 1 0 1 1 1
Sweet Sweet Sweet Bitter  Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

D69 0 0 1 0 1 0 1 1 0 1 1 1
Sweet Sweet Sweet Bitter Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

ID71 0 0 1 1 0 0 0]
Sweet Sweet Sweet Sweet Bitter Bitter Sweet Sweet Bitter  Bitter  Bitter Bitter|

D73 0 1 1 0 0 0 il ] 0 0 0
Sweet Sweet Sweet Sweet Bitter Bitter Sweet Sweet Bitter  Bitter Hot Hot|

D76 0 1 0 0 1 1 0 0 1 1 1
Sweet Sweet Sweet Bitter  Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

D77 0 0 0 0 1 1 1 1 0 1 1 1
Sweet Sweet Sweet Bitter Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

D86 0 0 0 1 1 1 0 1 1 0 1 1
Sweet Sweet Bitter Bitter Bitter Sweet Sweet Sweet Bitter Bitter Hot Hot

1D87 0 0 F 0 0 1 1 1 1 0 1 1
Sweet Sweet Sweet Sweet Bitter Bitter Sweet Sweet Bitter  Bitter Hot Hot

D94 0 0 1 0 1 0 1 1
Sweet Sweet Bitter Bitter  Bitter Bitter Sweet Sweet Bitter  Bitter Hot Hot

D95 F 0 1 0 1 1 1 1 0 1 1 1
Sweet Sweet Sweet Bitter Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

1D99 0 0 0 1 0 0 1 0 1 1 1 0
Sweet Sweet Bitter Bitter  Bitter Bitter Sweet Sweet Bitter  Bitter Hot Hot

D106 1 0 1 0 0 0 1 1 0 1 1 1
Sweet Sweet Sweet  Bitter Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

1D109 1 0 1 1 0 1 1 0 0 i3 1 1
Sweet Sweet Sweet Bitter  Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

D111 0 0 0 i 1 0 7 0 i 0
Sweet Sweet Bitter Bitter Bitter  Bitter Sweet Sweet Bitter  Bitter Bitter  Bitter!

D115 0 0 0 1 0 0 1 0 0 1 1 1
Sweet Sweet Sweet Bitter Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

D118 0 0 0 0 1 0 1 0 0 1 1 1
Sweet Sweet Sweet Bitter Bitter Sweet Sweet Sweet Bitter Hot Hot Hot

D121 0 0 0 1 0 0 0 0 1
Sweet Sweet Bitter Bitter Bitter Bitter Sweet Sweet Bitter  Bitter Bitter Hot

D122 1 0 0 0 1 1 1 1 1 0 1 1
Sweet Sweet Bitter Bitter Bitter  Bitter Sweet Sweet Bitter  Bitter Hot Hot

Figure 6 Individual BET of hotness from capsaicin samples among H users. *Data in bold red text are responses correctly identified as hot-
ness, whereas the ones in bold blue text are the highest concentration missed. **Tester IDs highlighted in colours show inconsistency patterns

of identifying hotness samples.
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Table 2 Average threshold based on geometric means

Geometric means’

Light chilli Moderate chilli Heavy chilli
users (n = 40) users (n = 40) users (n = 40)
Pungent odour of  0.61 + 0.04°  1.68 + 0.04° 5.76 + 0.40°
dried chilli (g L)
Pungent odour of ~ 0.04 + 0.01°  0.20 + 0.05° 1.27 + 0.30°
1P30 (ul L)
Hotness of dried 0.58 + 0.06°  2.16 + 0.04° 7.07 + 0.33°
chilli (g L™")
Hotness of 0.87 4 0.53° 2.09 + 0.43° 11.75 + 0.28°
capsaicin
(mg L™

Different superscripts (*°) within a row show significant difference
(P < 0.05).
TGeometric mean + Logqo standard deviation.

y = 12.159In(x) + 100.1

R2=0.9188

¢ e 1

By = 15.269In(x) + 89.272
R2 = 0.9489

R*=10.958
¢ Light chilli-users (n=40)
®  Moderate chilli-users (n=40)

Heavy chilli-users (n=40)

0 T T T T )
0 0.5 1 15 2 255
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R2=10.9682
w4 e i g
90 .
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i
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X
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10
0 i ' i T i 1 | i il ! 1

Concentration (mg/l)

study was identified as ‘train oil-like’ (Zhai
et al., 2022). Genovese et al. (2018) included metallic
and pungent odours as 1P30 odour descriptors found
in olive oil. The metallic smell could also be caused by
aluminium film used in wrapping the sample con-
tainers in this study. We feel that there is insufficient
evidence to conclude an association between 1P30 and
metallic odour perceived from dried chilli sniffing test.
A summary of predicted Group thresholds is pre-
sented in Table 3. It is worth highlighting that recogni-
tion thresholds of the experimental stimulus Capsaicin
were found to be higher when compared with reported
thresholds in other studies. For example, the hotness
threshold of Thai Light user group is 0.96 £+ 0.38 mg -
L' capsaicin whereas European consumers were
reported at 0.08 mg L™' capsaicin (Schneider er al.,

2014) and Japanese consumers at 0.70 mg L'
(b) y = 12.94In(x) + 73.077
R2=0.9564
100 tH
90 - -~7§ =15.448In(x) + 58.081
g s0 R2=0.9569
8 70 —a— T
_g &0 y = 8.9092In(x) + 50.914
R2 = 0.9482
2 50
g N
2 40 7{ ¢ Light chilli-users (n=40)
g
g 30 A = Moderate chilli-users (n=40)
‘
h -
8 20 Heavy chilli-users (n=40)
10 -

T T T T

0 2 4 6 8 10 12 14 16 18 20

Concentration (g/l)

T T T 1

y = 12.398In(x) + 73.375

(d) R® = 0.9062
100 o8
90 ©T Y= 15.471n(x) + 54.327
S 0 R*=0.9388
g 70 T
£ y = 8.9074In(x) + 49.128
9 R2=0.9001
£ 50
&
2 40 "‘. ¢ Light chilli-users (n=40)
3
g 30 = Moderate chilli-users (n=40)
Q
= 20 : Ileavy chilli-users (n=40)
10

0 2 4 6 8 10 12 14 16 18 20

Concentration (g/1)

Figure 7 Logistic regression on (a) 1P30 pungent odour, (b) dried chilli pungent odour, (c) capsaicin hotness, and (d) dried chilli hotness

threshold values among three groups of chilli users.
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capsaicin (Fukunaga er al., 2005). Yet, those in the
moderate group shared similar range of capsaicin
threshold level (2.36 mg L") with Turkish consumers
(1.53 mg L™ capsaicin) (Mavi er al., 2000). A recent
study on threshold measurement among Chinese asses-
sors reported their capsaicin threshold range as
between 0.85 and 6.4 mg L' (Zhang et al., 2023)
which is in the range of our recognition thresholds
measured from Light and Moderate users.
Orellana-Escobedo er al. (2012) conducted a large
study of 250 Mexican subjects aged 18-60 years using
2-AFC method, and reported an absolute threshold of
0.05 mg kg~ ' total capsaicinoids. It was discussed that
the low threshold from Mexican subjects in this study
could be attributed to desensitisation. A comprehen-
sive review of Capsicum annum’s potential by Herna-
ndez-Pérez et al. (2020) supports this notion, as the
review suggested that 1 mg of capsaicin kg~ of sam-
ple would be classified as non-pungent. Han
et al. (2022) determined oral hotness threshold at cap-
saicin concentration of 0.28 mg L™' (0.9 pM) as not
detectable or only barely detectable. This study also
raises for discussion about subject recruitment, as it
involves naive consumers who participated without
prior knowledge of the study and who entered the
threshold test with no training session, unlike other
threshold tests where staff or students in academia par-
ticipated. The review from  Hernandez-Pérez
et al. (2020) also gives an overview of the chilli daily
intake among frequent users and reported that Thais
had third-highest chilli consumption after Mexicans
and Saudi Arabians.

Based on the geometric means, most of the Average
BET thresholds (Table 2) tended to be slightly lower
than the predicted Group thresholds (Table 3). Light
chilli users presented very close values between Aver-
age and Group thresholds regarding pungent odour
and hotness of dried chilli. This very close proximity
between the predicted and average thresholds in the
Light chilli users could point to the fact that they were
least exposed to chilli/capsaicin stimuli, and were also
the most sensitive users, hence the variations of results
within this group are not as high as the Heavy users.
Having said that, the two calculated threshold values

eLight (0.96 +- 0.38 mg/I)
*Moderae (2.36 +- 1.17 mg/l)
eHeavy (12.79 +-1.78 mg/l)

eLight (0.06 +- 0.02 pg/l)
*Moderate (0.23 +-0.09 pg/l)
eHeavy (1.34 +- 0.92 pg/l)

Pungent odour

(1P30)

Hotness & pungency thresholds of chilli users N. Toontom et al.

Table 3 Group threshold from pooled data (logistic regres-
sion) among three groups of chilli users

Group threshold’

Light chilli
users Moderate chilli Heavy chilli
(n = 40) users (n = 40) users (n = 40)
Pungent odour of 0.61 + 0.08° 1.75 + 0.18° 5.88 + 0.172
dried chilli (g L™")
Pungent odour of ~ 0.06 + 0.02°  0.23 + 0.09° 1.34 + 0.92°
1P30 (ul L7
Hotness of dried 0.58 + 0.09° 2.23 + 0.14° 7.19 4+ 0.20%
chilli (g L")
Hotness of 0.96 + 0.38° 2.36 + 1.17° 12.79 + 1.78°

capsaicin (mg L")

Different superscripts (*°) within a row show significant difference
(P < 0.05).

TCalculated using P(x) = a In(x) + b from logistic regression when P
(x) = 0.667.

are not far off in the case of Medium and Heavy users
either.

Conclusions

The aims of this study were to test (i) oral hotness
threshold levels caused by a standard capsaicin com-
pound compared to hotness perceived from capsaicin
with other complex compounds in chilli powder sam-
ples, and (ii) nasal pungent odour thresholds caused
by a standard compound 1P30 compared with com-
plex compounds in dried chilli samples. The testers
were classified into three groups, based on their chilli
intake habit, their sensitivity to capsaicin solutions,
and commitment to participate through the tests (with
small amount of incentive), into High (n = 40), Mod-
erate (n = 40), and Light users (n = 40). The test
results from oral hotness of capsaicin samples (0.10—-
20.16 mg L™ (ppm) or 0.33-66.01 yuM) show thresh-
olds of L users at 0.96 ppm, M users at 2.36 ppm, and
H users at 12.79 ppm. In comparison, hotness thresh-
olds of dried chilli samples with capsaicin equivalent
were 0.68 ppm for L users, 2.61 ppm for M users, and

eLight (0.58 +- 0.09 g/I)
*Moderae (2.23 +- 0.14 g/l)
eHeavy (7.19 +-0.02 g/I)

Oral Hotness
(dried chilli
powder)

Pungent odour

(dried chilli
powder)

eLight (0.61 +- 0.08 g/I)
eModerate (1.75 +-0.18 g/I)
eHeavy (5.88 +- 0.17 g/I)

Figure 8 A summary of hotness and pungent odour thresholds measured from L, M, and H users.
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8.41 ppm for H users. The hotness thresholds from the
two stimuli clearly indicate the impacts of substances
in dried C. annuum L. var. acuminatum Fingerh other
than capsaicin content which lower recognition hotness
level (i.e. at lower capsaicin concentration). It is also
noted that frequent and long-term spicy food con-
sumption, as seen from H users, had reduced sensitiv-
ity to capsaicin in 2-AFC and 3-AFC methods
(Orellana-Escobedo et al., 2012; Su et al., 2022).

The volatile 1P30 is a ketone compound with low
volatility. It was hypothesised that the compound was
a principal pungent odour found in the hot-air dried
chilli from C. annuum Linn. Var. acuminatum Fingerh.
used in this study. It has been confirmed with previous
literature that 1P30 was perceived as pungent odour
by human subjects. Our finding reports pungent recog-
nition thresholds of 1P30 at 0.06, 0.23, and 1.34 pL -
L~'in L, M and H users, respectively. Although the
information on 1P30 quantification in the dried chilli
is yet to be analysed and confirmed, the results suggest
the potential for formulating food items for those who
are not used to having chilli in their daily diet to have
the ‘flavour’ of chilli through the use of pungent vola-
tiles such as 1P30.

A summary of the concentration of each stimulus
which reaches recognition threshold of each user group
(based on logistic regression model) is displayed in
Fig. 8. We determined baselines of the dried chilli
amount at the recognisable concentration of capsaicin
compound that would affect recognisable sensation
while not resulting in overbearing hotness through oral
and nasal perceptions. This study also reports concen-
tration guidelines for dried chilli usage in top-up spice
mix and other ready-to-eat and ready-to-cook prod-
ucts. An example from Andersen et al. (2017) showed
effective level of oral heat sensation which significantly
increased appetite, satisfaction, and satiety of the test
subjects. The added chilli in tomato soup was equiva-
lent to capsaicin concentration of 1.13 mg L™'. The
use of chilli and its aroma for enhancing food flavours
or creating new sensation in food and beverages at low
concentration of capsaicin is also supported by Han
et al. (2022), Lyu et al. (2021), and Su et al. (2022).

Limitations of this study must be acknowledged. First,
participants in this study were initially screened and
recruited for their chilli intake and sensitivity to capsaicin
solutions. They were not tested for taste or smell sensitiv-
ity (i.e. diagnostic of anosmia or hypergeusia), which is
especially relevant for those who were classified as high
chilli users. Some of our H users could potentially have
chronic effects from long-term, high amount of chilli
intake on oral and/or nasal perception (Lyu et al., 2021;
Han et al., 2022; Su et al., 2022) as we observed inconsis-
tent patterns of identifications in the hotness and pungent
odour threshold tests discussed in Recruitment of chilli
users.

Second, it is acknowledged that Thai chilli users are
not representative of chilli users in other parts of the
world. However, each of the H, M, and L groups con-
sisted of more than thirty-two assessors (four panels of
selected eight) as suggested for estimated number of
3-AFC assessors (BS ISO 13301, 2018). They also under-
went preparation based on the BS ISO guidelines prior
to commencement of the tests. The set of concentrations
exceeded recommendation for the total testing set
(n = 192). We anticipate that by capturing three groups
of users with varying levels of chilli use (rarely have chilli,
sometimes add chilli, and usually have chilli in daily diet),
we have provided insight that is useful in other settings
as well. The results indicate that the lowest recognition
thresholds from the Thai Light and Moderate chilli users
were much higher than those of other countries belong-
ing to similar age bracket (18-35 years), particularly
compared with European and Japanese consumers
(Fukunaga et al., 2005; Schneider et al., 2014; Han
et al., 2022) but rather close to Chinese consumers (Su
etal., 2022).

Third, the effects of capsaicin interacting with 1P30
on hotness perception in a food matrix were not mea-
sured in this study. We had insufficient information on
volatiles in the dried chilli (C. annuum Linn. Var. acu-
minatum Fingerh) we were analysing. The chemical and
sensory analyses of volatile compound 1P30 have
rarely been reported, especially in dried cayenne chilli.
Aromatic compounds of capsicum chilli and Sichuan
peppers were reviewed and compared in Zhang
et al. (2021) but the study focused on alcohols such as
linalool as aroma found in fruits and pericarps,
whereas Korkmaz et al. (2020) reported derivatives of
1P30 such as (E)-3-Penten-2-one (ketone compound),
and 1-Penten-3-ol (alcohol compound) in dried capsi-
cum chilli. 1P30 in this study’s dried chilli was detected
by Gas Chromatography Mass-Spectrometry (GC-MS)
method using Liquid-Liquid Extraction (LLE) tech-
nique (details of the analysis methods are reported in
Toontom et al., 2016), whereas it was not detected by
Solid Phrase Microextraction (SPME) technique
(Toontom et al., 2016; Korkmaz et al., 2020). The vola-
tile was also reported by analysis using LLE/APCI-MS
in virgin olive oil (Genovese et al., 2018). This suggests
that sample extraction and concentration techniques
such as LLE followed by GC-MS analysis would
enhance detection sensitivity of 1P30O volatile com-
pound. Our research finding confirms the effects of
1P30 on nasal pungency. We are also able to compare
the oral hotness thresholds from standard capsaicin
stimuli with the dried chilli quantity from HPLC analy-
sis. We acknowledge that oral and nasal perception of
hotness from dried chilli sample could be influenced by
other capsaicinoids (dihydrocapsaicin, nordihydrocap-
saicin, homocapsaicin, and homodihydrocapsaicin) and
other pungent volatile compounds found in C. annuum
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L. (cayenne chilli) (Casquete et al., 2021; Zamljen
et al., 2022). Nevertheless, the results we report con-
tribute additional information relevant to the under-
standing of cayenne chilli profile. We also acknowledge
that if both substances had been tested in a food
model, the food compositions such as NaCl, sucrose,
amino acids, etc. could enhance or supress the hotness
perception (Kosmidou et al, 2013; Schneider
et al., 2014; Andersen et al., 2017).

As far as capsaicin and 1P30 are concerned, both
substances generate irritating and discomfort effects to
human senses. Design elements in threshold test such
as serving plan, selected range of concentrations, sam-
ple preparation and presentation, measurement tools,
as well as the choice of cleansing materials and resting
time between 3-AFC triads, should be chosen to
reduce discomfort and fatigue of human subjects in
the study. Sucrose solutions have been used to reduce
the irritating effects from capsaicin in sensory tests,
Ramirez-Rivera et al. (2021) mixed sugar with haba-
nero sample and water to reduce discomfort in their
participants from testing chilli solutions. Whilst the
use of 2% ethanol solution as control in the 3-AFC
tests may not represent the actual scenario of chilli
usage, capsaicin in the dried chilli powder can be
extracted to the capsaicin concentrations we planned
for the threshold tests in this study. This was not
unusual as low concentration of ethanol was also used
as solvent in recent hotness studies (Lyu ez al., 2021;
Su et al., 2022). We also consider that the ‘heat profile’
of five attributes as proposed by Guzmin & Bos-
land (2017) applies in relevant future work that study
cayenne chilli was characterised in terms of ‘rapid
development, sharp rising, located in front to middle
of the mouth, dissipates quickly, and hot intensity’.

The growing international market for new
chilli-flavoured products provides a growth opportu-
nity for food manufacturers. By analysing recognition
thresholds of oral hotness and nasal pungency caused
by the three stimuli, this study has particularly con-
tributed to understanding how dried chilli powder can
be utilised in the food items, and optimised for the
new market. Further research examining how the dried
chilli powder, capsaicin, and 1P30 interact within food
models would be valuable.
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