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Background: The market for Plant-Based (PB) meat alternatives like Plant-Based Cold Cuts (PBCC), has seen
significant growth due to new technologies and rising consumer demand. However, a consistent lexicon for
describing this product category is lacking.

Objective: To develop a consumer-derived lexicon from 8 commercial PBCC using rapid sensory methods, and to
explore the relationship between these descriptors and consumer Willingness to Pay (WTP) to inform product
development and marketing.

Methods: The study (N = 22 consumers) employed Rapid sensory methods - Flash Profile (FP) and Projective
Mapping (PM) - to elicit sensory descriptors, with WTP integrated as an attribute in the verbalisation phase of the
PM experiment. Data were analysed using Generalised Procrustes Analysis (GPA) and Multiple Factor Analysis
(MFA).

Results: Four distinct groupings of PBCC samples: Soy-based samples (Groups 1 & 2) were characterised by

2

“processed”, “moist”, “soft”, “smooth”, “synthetic”, and “vegetal” notes, and were associated with a low WTP.
Wheat-based (seitan) samples (Groups 3 & 4) were described as “colourful”, “meat-like”, “textured”, “spicy”,
“smoky”, and “umami”, and linked to a high WTP. These findings were consistent across both FP and PM
analyses.

Conclusion: This study developed a preliminary consumer-derived lexicon for PBCC using rapid sensory methods.
The resulting Sensory Wheel is a first attempt at a lexicon for PBCC to be used for the future characterisation of
this product category, helpful for product development, branding, and marketing. The integration of WTP into

the sensory evaluation provides valuable insights for the PBCC sector.

more than a third of worldwide GHG (FAO, 2021). Still, production must
increase significantly over the next 30 years to support the needs of a
world population that the UN projects to reach 9.7 billion by 2050 (UN,
2019).

1. Introduction

Even after the World Scientists’ Warning of a Climate Emergency
(Ripple et al., 2021), meat consumption is all-time high and still growing

(OECD, 2022). Forecasts agree that the world will produce and eat more
meat. Total meat consumption is estimated to increase by 12 % by 2029,
with the need for production to double to meet current demand trends
by 2050 (OECD, 2022). Meat has massive impacts on the environment:
between 25 % and 30 % of agricultural land is used for meat farming,
15000 L of water are needed to produce 1 kg of beef (Fresan et al., 2019),
with the livestock sector responsible for 14,5 % of all anthropogenic
greenhouse gas (GHG) emissions (7.1 of 49 Gt CO2e/yr) (Gerber et al.,
2013; Godfray et al., 2018). Currently, food systems are responsible for

On the other side, the Global North increased its Plant-Based Meat
(PBM) consumption that, coupled with the disruption of supply chains in
2020, has slowed meat production growth (Ijaz et al., 2021). World-
wide, the situation is changing quickly, having more than 1000 new PB
products launched across 17 food categories since 2017, half of which
were introduced in 2019 alone (Smart Protein, 2021).

On the supply front, efforts are made towards making the production
chain more sustainable: producing protein-rich foods from plants
instead of feeding plants to animals with all the externalities on the
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environment and inefficiencies it bears. In fact, the replacement of
animal-based proteins is undergoing as consumers are being presented
with a wider range of alternatives (Lagally et al., 2017).

Deloitte’s  White Paper (2022) mentions that the European
Plant-Based (PB) market accounts for 40 % of the global market.
Focusing on Denmark, Plant-Based Food (PBF) sales increased by 29 %
(€30 million) from 2018 to 2020, while sales volume increased by 46 %
(14 million kg/L). PBM and yoghurt alternatives saw the most signifi-
cant increase in sales value (both at 16 %). In the same period,
Plant-Based Cold Cuts (PBCC) registered a 36 % increase in the sales
value (Smart Protein, 2021).

Cold Cuts (CC) (also known as lunch meats, sliced meats, deli meats,
etc.) are precooked or cured meats that are sliced and served cold or hot.
The CC market reached approximately $493,4 billion worldwide, with
an estimated CAGR of 9 % (Fact.MR, 2023). Almost everybody is using
CC in their diet, from sandwiches — in the US 47 % of adults ate a
sandwich on any given day with 79 % of them animal-based (Sebastian
et al., 2015) - to appetizers (Pirola, 2021).

Satisfying even the most demanding meat-eater is the main challenge
for the food chain with the first target being meat reducers (Hielkema
and Lund, 2021; Aschemann-Witzel and Schulze, 2023). To further
bridge the gap between CC and PBCC, sensory and price-point im-
provements must be prioritized, integrating research and development
(R&D) investments with product design and adapted communication
(Boukid et al., 2023). The future of this product category will need to
satisfy three segmented categories of consumers: omnivore, flexitarian,
and vegetarian/vegan (Szejda et al., 2020). Noticeably, the number of
products that bear the Vegan Trademark worldwide has reached 70,000
registrations in 2024 (The Vegan Society, 2024), with 75 % of PBF
consumers that are non-vegetarian (Proveg, 2020) and an increasing
number of Millennials that are going plant-based (25 %) (Danziger,
2020).

Traditional methods for generating sensory vocabularies and lexi-
cons, such as conventional sensory profiling (ISO 13299), are time-
consuming and resource demanding in terms of training and facilities
requirements (Kemp et al., 2018; Marques et al., 2022).

Recently, several other methods were also employed to elicit sensory
attributes of different food products. Some examples are Individual
Qualitative Sample Description or Napping applied to chocolate bars
(Heim et al., 2021), Free-Comment (Mahieu, 2021), Memories Vocab-
ulary on coffee (Cabal-Prieto et al., 2022) or Analytic Hierarchy Process
(AHP) that was compared to ISO standard 11035 using a trained panel
for generating a sensory vocabulary for coffee (Ramirez-Rivera et al.,
2020). Lawless and Civille (2013), Suwonsichon (2019) and Asih et al.
(2021) review the generation of lexicons in different food products.

These often involve lengthy training periods for expert panels and/or
the tedious process of establishing exhaustive lists of descriptors through
literature, prior studies, and expert consensus, including the develop-
ment of reference standards. This can be expensive and may not always
reflect consumer perception. The inherent limitations of pre-established
lists used in some methods, such as potentially missing relevant con-
sumer terms or introducing bias, further motivate the need for alterna-
tive approaches (Mahieu, 2021). This demand for faster, more
cost-effective, and consumer-relevant lexicon generation drove the
choice of rapid sensory methods like Flash Profile (FP) and Projective
Mapping (PM).

In fact, novel methods using rapid descriptive tests (Varela and Ares,
2012, 2014; Delarue and Lawlor, 2023; Valentin et al., 2012) bring a
solution for the generation of lexicons in a timely and resource-effective
manner (Dairou and Sieffermann, 2002). The use of FP (Verbal-based
methods) (Varela and Ares, 2014), in combination with PM (Similar-
ity-based methods) (Risvik et al., 1994; Pages, 2003; Dehlholm, 2014;
Valentin et al., 2018) allowed for a one-shot analysis linked to a project
with no pre-existing descriptive tool, for the validation of the results, for
exploring the diversity of consumers’ perceptions, for the successful
marketing of PB products and to pave the way for building a more robust
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descriptive analysis tools for the future of the product category.

The WTP concept has evolved through contributions from classical
economists (Smith, 1776; Ricardo, 1817), the marginalist revolution
(Carl Menger, 1871), welfare economics (Pigou, 1924), and modern
developments in experimental and environmental economics (Hicks and
Allen, 1934; Samuelson, 1948; Davis, 1963). Each phase has added
depth and precision to the understanding of how consumers value goods
and services, making WTP a critical tool in various fields, including
environmental economics, health economics, and marketing (Le
Gall-Ely, 2009). Two approaches are commonly used to estimate the
consumer’s valuation of certain product characteristics: hedonic price
analysis using market data or experiments (revealed preference) and
WTP elicitation using surveying techniques (stated preference) (Breidert
et al., 2015).

In sensory studies, this concept is used in some contingent evaluation
methods with wine attributes (Holmquist et al., 2012; Yang et al., 2009),
or auctions (Schamel, 2007; Ruffieux and Muller, 2011) but not related
to the sensory experience of when the product is tasted and analysed
comparatively. Preference mappings allow for the identification of
Drivers of Liking (DOLs) through External preference mapping, Internal
preference mapping and Landscape Segmentation Analysis (LSA), all
requiring a combination of consumer panels and descriptive analysis by
trained panels (Drake et al., 2023) - both time-consuming and
resource-demanding.

Adding High and Low WTP (HWTP/LWTP) as attributes enriches the
mapping by combining sensory and economic dimensions, provides a
dichotomous perspective and combines sensory and economic di-
mensions, adding value to an already robust method. The use of con-
sumer panels allows to highlight the importance of certain attributes for
an increased and widespread acceptance of these products, providing
valuable behavioural insights on consumer decision-making and their
value perception utilizing less resources and time. This integration al-
lows for a preliminary orientation to the monetary evaluation of a spe-
cific attribute’s economic value founded on the consumer’s appreciation
of a product’s attributes.

This also highlights key attributes for product acceptance and offers
insights into consumer decision-making. Understanding attributes
linked to higher WTP can guide innovation and product design, enhance
marketing efforts by emphasizing attributes that drive higher WTP, and
make communication more effective and resonant with consumer
values. Knowing that taste is key for consumer choice, and that cold cuts
are most frequently used in sandwiches and snacks, their market pene-
tration would be mainly determined by their sensory performance.

We hypothesize that consumers can generate a lexicon for PBCC that
reflects localized language patterns and preferences, which may serve as
a foundation for broader studies. Furthermore, the original WTP inte-
gration could be a valuable addition to Rapid Sensory Methods.

Consequently, the goals of this research are two-fold: the first, to
identify and develop a lexicon from 8 selected commercial PBCC using
rapid sensory methods, and provide cues for a more appealing language
relevant for this product category. The second is to attempt an original
WTP integration in PM.

This work is part of EU- funded H2020 Smart Protein Project (G.A.:
862957), supporting WP3 in project development and optimization.

2. Methods
2.1. Choice of commercial samples

For the study to be relevant, a preliminary market research of
available PB products was executed in different neighbourhoods of
Copenhagen, Denmark. Among all the PB products, CC looked the most
eligible for the purposes of the research. In fact, they are the third most
frequent product to be encountered in supermarkets (between 10 and 15
total encounters across neighbourhoods) after minced meat and PB
drinks (between 12-16 and 13-22 total encounters, respectively). What
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is more, this was reflected in the SmartProtein report (2021), as PBCC
and slices had amongst the highest sales values in Germany, the UK and
Italy.

The criteria for the selection of samples took into consideration the
differentiation among manufacturers, types and main raw material in-
gredients to enlarge the possibility of sensory stimulation. The selection
was made by 3 experienced sensory scientists with previous experience
in the use of the method.

Out of 18 available PBCC, 10 products have been considered eligible
and have been pre-selected to undergo pilot testing.

Out of the pre-selected samples, 8 were considered most suitable for
the best representation of the product availability on the market,
appearance and taste. This sample number is acceptable as per Dairou
and Sifferman’s and Dehlholm et al.’s (2002; 2014) instructions for the
consistent application of the FP and PM.

The ingredients list of each product and the panellist’s trays can be
found in Supplementary materials (Table S1, Fig. S1). Table 1 shows
brief essential characteristics of each of the 8 retained samples.

The use of FP (Verbal-based methods) in combination with PM
(Similarity-based methods) allows for a one-shot analysis linked to a
project with no pre-existing descriptive tool, for the validation of the
results, for building more robust descriptive analysis tools to the future
of the product category and for the obtention of helpful information in
regard to the diversity of consumers’ perceptions. Figure S2 shows the
decision tree followed for the choice of the applied sensory methods
according to the research objectives (adapted from Civille et al., 2016).
In red the selected methods.

2.2. Panel recruitment

The recruitment of the panel members has been realized through
SurveyXact to guarantee a pre-screening and the possibility to book the
slot directly for the testing day, considering all the COVID restrictions.
The development of the questionnaire was aimed at discriminating and
choosing the ideal panel composition. The respondents were asked
about their age, sex, nationality, educational level, dietary habits -
specifically if they were omnivores, flexitarians, vegetarians/vegans/
pescatarian; their consumption of traditional CC as well as PB ones, and
finally if they had any previous experience in sensory testing. In fact,
rapid sensory methods prefer assessors having previously performed
several descriptive evaluation tasks that can understand instructions and
generate discriminative and non-hedonic attributes, even if they were
not trained on a specific product set (Delarue and Sieffermann, 2004).

Participants who stated that they had food allergies or were less than
18 years of age were not accepted. The participant could then select 1
out of 5 available testing days. Each testing day could accommodate 5
panellists.

The survey was promoted through social media with a post and
dedicated poster (Fig. S3) and shared in different groups and various
international communities. After confirmation of attendance, the pan-
ellists were clearly instructed not to smoke or drink coffee until 1 h
before the experiment.

Table 1
Sample names with their related main ingredient and description.

Samples Main Ingredient, Description

U Soy protein, cooked ham-like slice

P Soy protein, chicken-like slice

R Soy and pea protein, mortadella-like slice
E Soy and pea protein, mortadella-like slice
M Seitan (wheat protein), salami-like slice

J Seitan (wheat protein), salami-like slice
A Seitan (wheat protein), bresaola-like slice
X Seitan (wheat protein), ham-like slice
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2.3. Testing facility

The sensory tests were carried out at the Gastrolab of the University
of Copenhagen in week 12 and 13, 2021, following all Covid-19 norms
and regulations present at the time. Figure S4a and Figure S4b in Sup-
plementary Materials show pictures of the kitchen where the samples
were prepared as well as the evaluation room where the tests took place.

The Gastrolab is a fully equipped professional kitchen where all the
utensils are available for the proper preparation of the samples and
conduction of the experiment, together with a 24 m? evaluation room.

2.4. Conditions of the samples for sensory analysis

The samples were stored in their original packaging in temperature-
controlled fridges at +5 °C. For the samples display and serving, white
ceramic plates measuring 15 cm in diameter were used. The plates were
previously labelled with randomized, non-adjacent letters on the side
and arranged on a metal tray - the samples plated before each serving
round - and placed in the fridge to guarantee product stability
throughout the experiment. For each of the three serving rounds, one
tray with 8 fresh samples was delivered to every panellist, to limit the
influence of external variables (e.g.: temperature, humidity, etc.). The
testing tables were equipped with 200 mL glass, 1,5 L water carafe,
white bread - with refills, Program (Fig. S5), Consent Agreement Sheet,
Instructions Sheet (Fig. S6), Forms for the experiments (Figs. S7-S10)
and a pen, hand sanitiser as well as paper napkins.

The test has been carried out by grouping the 22 panellists in 5
different panels - with 4, 5, 4, 4, 5 members, respectively - according to
their bookings and prior confirmation of attendance and to follow all
Covid-19 regulations of the time. Each panel had a different test day,
spread in one and a half week time. All the panellists took part in both
the FP and PM.

Each group of panellists has been welcomed, asked to sign an
Informed Consent Release and instructed carefully with a standard
procedure to guarantee a homogenous starting condition. Before start-
ing the evaluation of the samples, panellists were provided with infor-
mation and precise instructions (Fig. S6) on the basis of the FP and PM
methodologies, as indicated by Dairou and Sifferman, and Dehlholm
et al. (2002; 2014). In addition, a practical example was presented for a
better understanding, taking into account that it did not influence the
product under study.

Panellists conducted the evaluation at their own pace, were provided
with as many samples as needed and were free to take a break at any
time during the evaluation. Between the tasting of two samples, panel-
lists were instructed to eat a piece of bread and drink some water.

2.5. Flash Profile

The FP had three stages. In the first stage, each panellist was pro-
vided with a tray with the 8 samples. They were then instructed to taste
them comparatively, focusing on the differences in all the descriptors
they deemed relevant to differentiate among samples. The attributes
were collected by modality (Appearance/Touch, Smell, Taste/Flavour,
Mouthfeel) as per Form 1 (Fig. S7). This involved them prioritizing the
main differences between the products directly. Care was taken to
ensure that the panellist did not run out of CC when generating the at-
tributes, and if necessary, more sample material was provided. The
panellists were asked to observe, touch, smell, and taste the samples in
order to describe the sensory characteristics that differentiate the
products from each other. They were asked to use any non-hedonic at-
tributes they considered appropriate to describe the samples, as long as
they were sufficiently discriminative to allow a ranking or a partial
ranking of the samples but also to describe all perceived differences,
with no guidance as to the number of attributes to be used (Delarue,
2014).

In the interphase, the terms generated by all the panellists were
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gathered into a common list and shared with the panel. After reading the
compiled common list carefully, each panellist was free to add, remove
or adjust attributes from his initial list, obtaining his final list in Form 1,
limited to a maximum of 15 attributes total to be used in Phase 2. Ac-
cording to Liu et al. (2016), reducing the number of possible attributes
would enable panellists to concentrate on the core differences perceived
from the samples, reducing noise in the data analysis.

For the second phase, a new tray with fresh samples was presented to
the panellists. They were instructed to rank the samples from “low” to
“high” on each of the selected attributes where ties are allowed
recording the result on Form 2 (Fig. S8). The presentation of the set of
samples to the panellists was simultaneous, allowing the samples to be
evaluated comparatively. Care was taken to ensure that the panellists
did not run out of samples when evaluating the attributes, and if
necessary, more sample material was provided. The panellist was able to
choose anchors that he/she found appropriate for evaluating the sensory
attributes. In addition, they were free to compare and re-taste the
samples as many times as necessary to make the evaluation. They were
provided with an example in the Instruction Sheet (Fig. S6).

2.6. Projective Mapping (PM)

The sensory characterization using PM was carried out in two phases.
In the first phase, the panellists received the third tray of samples duly
coded and Form 3 - an A3 size evaluation card (42.0 x 29.7 cm)
(Fig. S9), on which they were instructed to write down the codes of the
samples. Two codes that are close meant that the samples are more
similar and two codes that are further apart meant that the samples are
more different (Varela and Ares, 2012, 2014; Pages, 2005). The criteria
for the discrimination of the samples just had to make sense to the
panellist. Euclidean distances were used in the analysis to quantify dif-
ferences in sample placements.

During a second phase, panellists annotated between two to three
sensory descriptors for each of the samples on the same Form 3 — the so-
called verbalisation phase (Perrin and Pages, 2008). A slight experi-
mental modification was included to know which of the 8 samples would
have a higher or lower WTP in the eyes of the panellists’ WTP and their
underlying sensory descriptors. Participants were asked to add HWTP
and LWTP near the products of their choosing after the verbalisation
part, effectively coercing these attributes into the analysis.

After the conduction of the Sensory Tests, a Final Questionnaire
(Fig. S10) included questions about their preferred product, purchase
habit intention after having tested the products, acceptability for con-
version to a PB diet and qualities to be improved in the product category.

2.7. Data analysis

Data were analysed with the Softwares XLStat® v. 2021.2
(Addinsoft, 2021) and R (Thaka and Gentleman, 1996; R Core Team,
2025), the packages FactoMineR and SensoMineR (Le et al., 2008;
Husson et al., 2025) and RStudio (Posit, 2025). A p-value <0.05 was
considered statistically significant for both the GPA on the FP data and
the MFA on the PM data.

Multivariate data analysis techniques were used. For the FP data,
Generalised Procrustes Analysis was performed (GPA) (Dehlholm et al.,
2012) with the FactoMineR package (Le et al., 2008) and XLStat v.
2021.2 (Addinsoft, 2021). The SensoMineR package (Husson et al.,
2025) was used to construct the confidence ellipses. In order to under-
stand what attributes are linked to which dimensions; the correlations of
each attribute with each dimension of the Generalised Procrustes
Analysis are examined (Varela and Ares, 2014). Only descriptors with
correlation coefficients equal to or greater than |0,6] and cited by
multiple panellists should be considered when attempting to describe
the relationships between samples and sensory descriptors (Kobayashi
and Benassi, 2012).

For the PM data, a Multiple Factor Analysis (MFA) was applied (Abdi
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and Valentin, 2007; Escofier and Pages, 1998; Pages, 2003, 2005; Tomic
et al., 2015). The coeffRV function of the FactoMineR package (Le et al.,
2008) was used and confidence ellipses were constructed using the
truncated total bootstrap (Husson and Cadoret, 2012; Pagés and Husson,
2005). The Indscal model and prefpls function of the SensoMineR
package (Husson et al., 2025) was used to visually map the WTP of the
products with their related attributes.

The Sensory wheel (Fig. 3) was constructed using XLStat v. 2021.2
and based on the groupings of the attributes. On the first, inner layer are
the different modalities (Appearance/Touch, Smell, Taste/Flavour,
Mouthfeel); on the second, intermediate layer are the attributes that
resulted from the grouping of the data; and on the third, outermost layer
are the descriptors generated by the panellists in the FP.

2.8. Initial data handling of the FP data

A total of 146 initial sensory descriptors (no repetitions) were
generated from 22 panellists, divided into 39 Appearance/Touch de-
scriptors, 33 Smell descriptors, 41 Taste/Flavour descriptors and 33
Mouthfeel descriptors. The evaluation times were approximately 20-30
min for Phase 1; 10-20 min for the Intermediate phase and 30-50 min
for Phase 2.

To increase the intelligibility and obtain the most significant results,
a frequency count of the appearances of all the attributes generated by
each panellist has been collected (Lassoued et al., 2008). The attributes
were grouped thematically, when synonymous, by sensory professionals
with previous experience in sensory evaluation techniques (Silva et al.,
2016). These groupings can also be found in the Sensory Wheel (Fig. 3)
and in Tables S2-S5 with the frequencies of appearance at individual
and grouped level.

The minimum appearance number for grouped attributes was set to
5. If, after the groupings of the attributes, a panellist had a double, a
mean of the scores given for each product was computed. The sum of
ranks was checked and always equal to 36 (Dehlholm et al., 2012). The
tables of the groupings of the attributes, as well as the list of the attri-
butes that resulted to be removed as they were underrepresented can be
found in Tables S2-S5.

A total of 33 final sensory descriptors were generated, divided into
Appearance/Touch descriptors - 10, Smell descriptors - 8, Taste/Flavour
descriptors - 8, Mouthfeel descriptors - 7; presented in Table 2.

3. Results
3.1. Preliminary questionnaire

Twenty-two participants were selected as they represented the three
main consumer dietary lifestyles (omnivores, flexitarians and vegan/
vegetarian/pescatarian), and most (77.3 %) had previous experience
with sensory evaluation. Table 3 shows the panellists’ background
information.

Table 2
Grouped descriptors by modality from the Flash Profile (A/T: Appearance/
Touch, S: Smell; T/F: Taste/Flavour; M: Mouthfeel).

Modality Sensory descriptors
Appearance/ “elastic” (A/T), “oily” (A/T), “smooth” (A/T), “soft” (A/T),
Touch “meat-like” (A/T), “moist” (A/T), “processed” (A/T), “colour”

(A/T), “textured” (A/T), “dry” (A/T),
Smell “herbal” (S); “smoky” (S); “synthetic” (S); “vegetal” (S); “spicy”
(S); “meat-like” (S); “spiced” (S); “tangy” (S)

Taste/Flavour “smoked” (T/F); “salty” (T/F); “spicy” (T/F); “artificial” (T/F);
“umami” (T/F); “vegetable” (T/F); “spiced” (T/F); “herbal” (T/
)

Mouthfeel “soft” (M); “chewy” (M); “spongy” (M); “rubber-like” (M);

“artificial” (M); “melting” (M); “juicy” (M)
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Table 3
Panellists’ background information.
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Table 5
Scaling factors of the panellists by diet for the Flash Profile.

N=22 Frequency % Omnivore Flexitarian Pescatarian/Vegetarian/Vegan

Age - mean, (SD) 25.68 (5.69) Panellist Factor Panellist Factor Panellist Factor

Sex
Male 7 318 686 1.06 541 1.05 538 0.97

171 1.07 842 0.93 768 1.13
Female 15 68.2
Diet 531 1.01 402 0.97 227 0.95
691 1.03 66 1.01 399 0.88
Flexitari 8 36.4
exttarian 696 0.94 332 115 798 0.86
Omnivore 7 31.8
Veean 4 18.2 933 0.84 244 0.95 207 1.09
gan ’ 960 0.94 65 0.99 189 1.19
Vegetarian 2 9.1 340 1.20
Pescatarian 1 4.5 .

Education
Master’s degree or higher 11 50.0 . . . .

Bachelor’s degree 6 273 not bring changes in the relat}ve mean spacing of the samples, hence he
Secondary Education 5 22.7 was retained (Gonzalez-Tomas and Costell, 2006).

Consume regular Cold Cuts The distribution of variance explained among the dimensions of the

yo ;4 22.461 consensus configuration indicates that the first seven dimensions
es K . . .
0,

Consume Plant-Based Cold Cuts f:xplamed' 100‘ % of the total variance. However, the first two were
No 16 79.7 included in this study, accounting for 78.59 % of the total explained
Yes 6 27.3 variance (Dimension 1: 55.7 %; Dimension 2: 22.8 %).

Previous experience with Sensory Testing For the 8 PBCC samples, most of the variability is explained mainly
;ZS é7 Zi by the first dimension, indicating that these samples are characterised

3.2. Flash Profile

The analysis of the samples yielded 22 unique matrices. The intensity
scores of the 8 samples (rows) for the number of attributes produced by
each user were included in each matrix (columns).

The GPA is a combination of Procrustes analysis and analysis of
variance (Grice and Assad, 2009). Table 4 shows that the values of the
panellists’ residual variance are relatively homogeneous - ranging from
0.28 to 1.34 - indicating the absence of extreme outliers and that the
panel qualified the products homogenously.

The scaling factors (Table 5) ranged between 0.84 and 1.20, close to
1, indicating that the panellist’s configurations have not undergone
major modification in the GPA’s scaling stage. Table 5 shows that pan-
ellists 340, 189, 332, 768 obtained a scaling factor greater than 1.1
(1.20; 1.19; 1.15 and 1.13 respectively). On the other hand, panellists
933, 798 and 399 presented a scaling factor of less than 0.9 (0.84; 0.86
and 0.88 respectively). This shows that their configurations have been
stretched the most to reach consensus; in addition, they are the ones that
generated the lowest number of sensory descriptors. The other panellists
obtained a scaling factor close to one, so their configurations have not
undergone major modification in the GPA scaling stage. Finally, pan-
ellists 399,798 and 189 belong to the Pescatarian/Vegetarian/Vegan
diet group, hinting that that diet group might have qualified the samples
distinctively.

Panellist 340 had highest residual and scaling factor, showing that
his configuration deviated the most from the consensus matrix, indi-
cating to a possible outlier. However, the removal of that panellist did

primarily by the attributes that constitute Dimension 1 except the
samples A and X (seitan (wheat protein), bresaola- and ham-like slices),
R, and E (soy and pea protein, mortadella-like slices). These samples had
a more substantial fraction of the variance explained by Dimension 2.

For the determination of the consensus of the panellists, the
consensus index Rc was used, which describes the proportion of the total
variance explained by the consensus found after Procrustes trans-
formations (Dijksterhuis and Punter, 1990). The Rc value found was 0.6
- indicating an adequate consensus in panel performance (Dijksterhuis
and Punter, 1990).

The consensus configuration of the five samples represented in the
first two dimensions (Dimension 1 and Dimension 2 = 78.59 %) ac-
cording to differences and similarities in the different modalities is
shown in Figure 1. The distinction of four different groupings of samples
can be noticed: E and R, M and J, X and A, U and P.

The confidence ellipses overlapped for U; P, and E; R and even
include the barycentre of the sample point for X and A, showing that
these pairs of samples are not discriminated. The samples M and J show
somewhat of a distinction, even though they are far more similar to each
other, then they are to the three other groups. Overall, the four groups of
products show a distinct polarization in the plane.

Figure 2 shows the loading plot with all the descriptors produced by
participants in the assessment, while Table S6 highlights the sensory
descriptors with correlations higher than |0.6|, with the frequency count
of mentions reported in parentheses.

Considering Figure 1 and Figure 2 together with Table S6, the sam-
ples are clearly grouped in 4 distinct associations. Group 1 (soy and pea
protein): samples E and R; Group 2 (soy protein): samples U and P;
Group 3 (seitan, salami-like): samples M and J; and Group 4 (seitan):

Table 4

Panellists Total and Residual Variance by diet for the Flash Profile.
Omnivore Flexitarian Veget./Vegan/Pescet.
Panellist SS Residual SS Total Panellist SS Residual SS Total Panellist SS Residual SS Total
686 0.760 4.320 541 0.490 4.690 538 0.350 4.880
171 0.560 4.590 842 0.600 4.530 768 0.610 4.520
531 0.300 4.950 402 0.360 4.860 227 0.680 4.430
691 0.350 4.870 066 0.450 4.750 399 1.150 3.800
696 0.590 4.550 332 0.660 4.460 798 0.580 4.560
933 0.980 4.030 244 0.510 4.660 207 0.710 4.390
960 0.330 4.910 65 0.280 4.970 189 0.430 4.760

340 1.340 3.540

SUM SS residual = 13.07.
Sum SS Total = 100.
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Fig. 1. Consensus space of the panellists for the 8 Plant-Based Cold Cuts samples for the Flash Profile, including 95 % confidence ellipses. For sample ID

confer Table 1.
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Fig. 2. Attribute Loading Plot resulting from General Procrustes Analysis on Flash Profile data: Dim. 1 (55,75 %) and Dim. 2 (22,84 %) (A/T: Appearance/Touch, S:

Smell; T/F: Taste/Flavour; M:Mouthfeel).

samples X and A.

On the one hand, the Groups 1 and 2 were described mainly by
Dimension 1 (-) and had a “processed”, “moist” Appearance/Touch; a
“soft” and “smooth” Appearance and Mouthfeel; a “synthetic” and

“vegetal” Smell; an “artificial” and “herbal” Taste/Flavour; with a

“melting and “juicy” Mouthfeel.
On the other hand, Groups 3 and 4 were described by Dimension 1
( + ) and had a “colourful”, “meat-like” and “textured” Appearance/
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Fig. 3. Plant-Based Cold Cuts Sensory Wheel (on the innermost ring: the four modalities; middle ring: grouped attributes; outside ring: panellists’ initial full set

of attributes).

Table 6
Attributes with a correlation greater than |0,6| in Dimension 1 by diet type, with frequency count (A/T: Appearance/Touch, S: Smell; T/F: Taste/Flavour; M:
Mouthfeel).
Diet Group Positive Correlations (+) Sensory Negative Correlations (—) Sensory
Modalities Modalities
Omnivores “smoked” (T/F) (4), “smoky” (S) (3), “spicy” (S, T/F) (3; 2), All “soft” (A/T, M) (3; 2), “artificial” (T/F, M) (2; 1), “moist™ All
“chewy” (M) (2), “melting” (M) (2), “meat-like” (A/T, S) (2, (A/T) (3), “smooth” (A/T) (2), “vegetal” (S) (2), “rubber-
1), “salty” (T/F) (2) like” (M), “spongy” (M), “melting” (M), “textured” (A/T),
“synthetic” (S), “tangy” (S), “processed” (A/T), “vegetable2
(T/F), “juicy” (M)
Flexitarians “salty” (T/F) (3), “chewy” (M) (3), “color” (A/T) (2), All “smooth” (A/T, M) (2), “soft” (A/T, M) (2; 4), “juicy” (M) All
“spiced” (T/F) (2), “smoky” (S) (2), “umami” (T/F), “dry” (2), “melting” (M) (2), “processed” (A/T) (2), “synthetic” (S)
(A/T), “rubber-like” (M), “soft” (M), “elastic” (A/T), “spicy” (2), “artificial” (T/F) (2), “elastic” (A/T), “meat-like” (A/T,
(T/F) S), “crumbly” (A/T)
Vegetarians/ “color” (A/T) (3), “spicy” (T/F) (3), “umami” (S, T/F) (1; 2), All “processed” (A/T) (2), “smooth” (A/T), “dry” (M), “spongy”  A/T, T/F, M
Vegans/ “meat-like” (A/T) (2), “chewy” (M) (2), “textured” (A/T) (M), “artificial” (T/F), “soft” (M), “umami” (T/F), “color”
Pescatarians (2), “tangy” (S) (2), “salty” (T/F), “herbal” (S, T/F), “oily” (A/T), “moist” (A/T), “juicy” (M)

(A/T), “rubber-like” (M), “soft” (M), “artificial” (M)
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Touch; a “spicy”, “smoky”, “meat-like” and “tangy” Smell; a “salty”,
“spicy”, “smoked” and “umami” Taste/Flavour; a “spicy”, “herbal” and
“spiced” Smell and Taste/Flavour; and a “chewy” Mouthfeel.

Moreover, Group 1 and 3 were also described by Dimension 2 ( + )
and had an “oily” and “moist” Appearance/Touch; a “spicy” and
“spiced” Smell and Taste/Flavour; and a “smoky” Smell.

Finally, Groups 2 and 4 were also described by Dimension 2 (-)
with a “dry” Appearance/Touch.

The sensory wheel shown in Figure 3 is a visual representation of the
sensations triggered by the 8 PBCC samples for market and sensory
characterisation. The four modalities form the inside ring: Appearance/
Touch, Smell, Taste/Flavour and Mouthfeel; the middle ring are the
grouped attributes, while the panellists’ initial full set of descriptors are
shown on the outside ring.

Table 6 and Table 7 show the attributes with a correlation greater
than |0.6|, along Dimensions 1 and 2, but by diet group and without
frequency threshold.

Omnivores (n = 7) had a higher number of strongly correlated at-
tributes in Dimension 1, indicating a wider range of sensory descriptors
used to qualify the samples. On the positive side of this dimension,
omnivores associated the PBCC with attributes such as “spicy” (S, T/F, 3;
2), “smoky” (S, 3), “smoked” (T/F, 4), “spiced” (S), and “chewy” (M, 2).
These descriptors suggest an emphasis on flavour intensity and textural
structure. Flexitarians (n = 8) also referred to similar attributes, such as
“salty” (T/F, 3), “chewy” (M, 3), “spiced” (T/F, 2), and “smoky” (S, 2),
though with lower frequencies compared to omnivores.

Vegetarians/vegans/pescatarians (total n = 7) were the only group
to reference “meat-like” (A/T, 2) and “umami” (S, T/F, 1; 2) on the
positive side of Dimension 1, suggesting a focus on savoury and meat-
resembling qualities.

The negative side of Dimension 1 was similarly characterised by
omnivores and flexitarians, with attributes like “soft” (A/T, M, omni-
vores: 3; 2; flexitarians: 2; 4), “smooth” (A/T, 2), “melting” (M, 2),
“artificial” (T/F, M, omnivores: 2; 1; flexitarians: 2), and “processed” (A/
T, 2). These attributes were common across all diets and indicated a
shared perception of softer textures and potentially artificial qualities.

In Dimension 2, all diets referenced attributes linked to plant-
forward and aromatic qualities. These included “oily” (A/T, omnivores
and vegetarians: 2), “herbal” (S, all diets), and “vegetable” (T/F), as well
as spicy descriptors such as “spicy” (T/F) or “spiced” (S, T/F).

The negative side of Dimension 2 was characterized by attributes
such as “dry” (A/T) and “elastic” (A/T), which appeared across all diet
groups.

3.3. Projective Mapping

The data collected during the PM was reported in a data matrix
containing the coordinates (x; y) of the samples with samples in rows
and panellists in columns. A frequency count of the mentions of the
attributes for each sample was also included. Panellists were required to
include High and Low WTP as attributes. They were then grouped
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following the same criteria as per the FP. The evaluation time for the PM
varied between 30 and 50 min.

The first and second dimensions explained 79.5 % of the variability
(61 % and 18 % respectively) and, similar to the FP, these two were
retained (78.6 %) (Scree plot in Fig. S11).

Looking at the Rv coefficients (mean Rv: 0.74) (Table S7), panellists
244, 531 and 399 obtained the lowest Rv coefficient values (0.31; 0.37;
0.39), indicating that they deviated the most from the consensus
configuration.

Figure S12 shows the sample’s respective confidence ellipses, con-
structed using the truncated total bootstrap, as recommended by
Cadoret and Husson (2013). The results of the correlations and the
cosine-squared values of the descriptors are presented in Table S8. These
values are used to characterise the samples evaluated according to the
supplementary variables (sensory descriptors). The correlation circle of
the supplementary variables (descriptors) of the Multiple Factor Anal-
ysis in the context of the PM can be found in Figure S13.

Figure 4 presents an aggregated version where both samples and
descriptors are present along the first and second dimension. The same
four groupings can be noticed in both Figure 4 and Figure S12: E and R
(Group 1, soy and pea protein; characterised as “moist/juicy”,
“crumbly”, “bitter”, “herbal” and “soft™); U and P (Group 2, soy pro-
tein; perceived as “beany”, “smooth”, “neutral”, “salty”, “processed”
and “artificial”); M and J (Group 3, seitan, salami-like); X and A
(Group 4, seitan), with less perceived difference between the Groups 3
and 4 and described as “chewy”, “fibrous”, “colourful”, “smoked”,
“umami”, “spiced” and “firm”. The results obtained are congruent with
those of the FP.

Figure 5 shows the output of the prefpls function of the SensoMineR
package (Husson et al., 2025) that allows for alternative data visual-
isation of both quantitative and qualitative variables after using the
Indscal model. The last step added in the verbalisation process allowed
the integration of precious information about participant’s WTP for
products and their attributes. The result of the addition to the standard
PM procedures shows that products with attributes like “umami”,
“chewy”, “spicy”, “colourful”, “smoked”, “firm”, “aromatic” have a
HWTP - Groups 3 and 4 or samples X, A, J, M - whilst products with
attributes like “beany”, “processed”, “smooth”, “melting”, “artificial”,
“pallid”, “salty”, “sweet”, “moist” have a LWTP - Groups 1 and 2 or
samples R, E U, P.

When correlating the matrix of sample coordinates in the first two
dimensions of the GPA for the FP data and the MFA for the PM data, the
Rv coefficient was equal to 0.78 showing good consistency of the chosen
methods (Fig. S14).

3.4. Final questionnaire

Table S9 shows the results of the short Final Questionnaire. The
samples E, J and X were the most liked (22.7 % each) and 63 % would
purchase “More” or “Definitely More” PBCC than before, having tasted
the products. Around 70 % of the panel found the samples from

Table 7
Attributes with a correlation greater than |0,6] in Dimension 2 by diet type, with frequency count (A/T: Appearance/Touch, S: Smell; T/F: Taste/Flavour; M:
Mouthfeel).
Diet Group Positive Correlations (+) Sensory Negative Correlations (—) Sensory
Modalities Modalities
Omnivores “spicy” (T/F) (3), “synthetic” (S), “spongy” (M), “oily” (A/T), “herbal” (T/  All “dry” (A/T) (2), “elastic” (A/T), “salty”  All
F), “moist” (A/T), “spiced” (S) (T/F), “processed” (A/T), “meat-like”
(©)]
Flexitarians “oily” (A/T) (2), “moist” (A/T) (2), “spiced” (S, T/F) (3; 1), “spicy” (S) (2), All “rubber-like” (A/T), “smoked” (T/F), A/T, T/F
“artificial” (M), “textured” (A/T), “vegetable” (T/F), “chewy” (M), “smoky” “artificial” (T/F), “umami” (T/F)
(S), “smoked” (T/F)
Vegetarians/ “oily” (A/T) (2), “herbal” (S), “vegetable” (T/F), “juicy” (M), “soft” (A/T), All “meat-like” (S), “smoked” (T/F), “dry” S, A/T
Vegans/ “melting” (M), “smoky” (S), “spicy” (S) (A/T)

Pescatarians
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“Acceptable” to “Very acceptable” for a mass conversion towards PBCC.
4. Discussion

Twenty-two panellists equally distributed across diet preferences
and with previous sensory testing experience participated in this study.
The data generated was reliable and congruent in terms of product
groupings in both methods, and the attributes generation effective, rapid
and rich. The mean age (26 + 5.6) and the panel composition (68 % of
women) represents the change-makers and early adopters (Szejda et al.,
2020).

4.1. Flash profile

The working time for the FP, excluding breaks, varied between 60
and 110 min congruent with studies using this method (Varela and Ares,
2014; Tarea et al., 2007; Veinand et al., 2011; Dairou and Sieffermann,
2002).

The division of attributes by sensory modality presented the
advantage of a more straightforward definition for ambiguous attributes
that could apply to several modalities — Appearance/Touch, Smell,
Taste/Flavour or Mouthfeel. Indeed, it was the case of a few attributes
that appeared in several modalities and were missing in others (such as
“meat-like” (A/T, S), “smoky” (S), “artificial” (T/F), “soft” (M; A/T);
“spicy” (T/F; S)), At the same time, this separation implied a complexity
in data creation, analysis and interpretation as well as an additional
challenge as the FP generated 146 terms for the 8 PBCC samples. This
number is quite high compared to other studies, (Lassoued et al. (2008)
found 134 terms; Albert et al. (2011) found 93, and Dairou and Sief-
ferman (2002) found 87. Nonetheless, the other studies had several
discussion sessions and less assessors, and the separation by modality
implied a richness and a higher level of detail that wouldn’t have been
possible otherwise.

After performing a preliminary GPA on the data obtained, the high
noise level required an agglomeration of terms into semantic macro-
groups (Silva et al., 2016). Comments on the attributes were provided
when rating the samples, to improve the correct understanding of the
descriptors during interpretation, normalisation and aggregation. An
alternative to the grouping could have been to raise correlation coeffi-
cient for inclusion to 10.8| instead of 0.6 to reduce noise without
grouping the attributes, but risking losing relevant ones.

The scaling factors that ranged from 0.84 to 1.20 are consistent with
Silva et al. (2016). Most panellists had a scaling factor close to 1 -
indicating good panel reliability. Compared to other studies, the re-
siduals were low, showing that the panellists qualified the samples ho-
mogeneously. In fact, the total variance was 86.93 % and the residual
variance of panellists was of 13.07 % (ranging 0.28 from to 1.34), lower
than what found by Morand et al. (2006) (50.6 %; from 0.3 to 12 %), but
higher than Dijksterhuis et al. (1996) (10.7 %; from 0.7 to 1.42).

The variability distribution by dimension indicated good sample
discrimination. In fact, the first two dimensions explained 78.6 % of the
data, similar Skrobot et al. (2020) and Albert et al. (2011).

The Rc value found in this research is consistent with other studies
and reflects a high consensus among the panellists (Rc = 0.6). Delarue
and Sieffermann (2004) obtained a similar value of 0.61 for fruit dairy
products while Silva et al. (2016) found a lower Rc (0.56) in the char-
acterisation of mushroom-based sauces.

The most defining descriptors from the FP regarding the Appear-
ance/Texture of the PBCC are “oily”, “soft”, “smooth”, “processed”,
“moist”, ‘“colourful”, “meat-like” and “textured”. For the Smell:
“smoky”, “herbal”, “spiced”, “tangy”, “synthetic’ and “meat-like”;
Taste/Flavour: “artificial”, “spicy”, “spiced”, “salty”, “herbal” and
“umami”, finally Mouthfeel: “chewy”, “melting”, “artificial” and “soft”.

Looking at the consensus product maps, the groupings of the samples
are clear: by the type of main ingredient of the PBCC: soy-based (1-) (U,
P, E, R) and wheat-based (1+) (J, M, A, X) and along the second

10
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dimension by the company that produces the samples or better in terms
of the production process. While FP was not intended for semantic
interpretation, the sensory positioning of the items being the key output,
the study of attribute loading after GPA are insightful. In fact, close
examination reveals that semantically related attributes are grouped,
and an interpretation can be attempted. The first axis seems to have a
strong polarization of the attributes gathering “soft” (M; A/T), “artifi-
cial” (T/F), “smooth” (A/T; M), “melting” (M), “processed” (A/T) on the
negative dimension (mainly soy-based products) and “chewy” (M),
“spicy” (T/F, S), “smoky” (S), “colourful” (A/T), “salty” (T/F), “meat-
like” (A/T; S) on the positive one (wheat-based products). The second
dimension was characterised by “spicy (T/F; S), “spiced (S, T/F), “oily
(A/T), “moist (A/T), “smoky” (S) (2+), and “dry” (A/T).

Moreover, it is noticeable that the descriptor “meat-like” is not
mentioned much in Taste/Flavour but appears in Appearance/Touch
and Smell. Explaining this occurrence might be that producers suc-
cessfully replicated the looks and olfactory profile of traditional CC, but
still more work needs to be done as to the similarity to the original taste.
On the other hand, analysing the obtained descriptors by diet, a slight
difference among vegetarian/vegan/pescatarian from one side and
omnivores and flexitarian on the other is evidenced. Showing a higher
quantity of attributes, that diet category could therefore have a more
critical point of view on the products characteristics. The dietary
background of the panellists did appear to influence their sensory
characterisation of the PBCC, particularly in the specific attributes they
highlighted and the intensity with which they perceived them. While
some commonalities existed, especially regarding texture, there were
notable differences in the perception of “meat-like” and “umami”
attributes.

The obtained Sensory Wheel is proposed as a tool for the sensory
description of PBCC. This wheel can be further modified as such prod-
ucts are in constant improvement and development (Drake and Civille,
2003; Lawless and Civille, 2013; Suwonsichon, 2019; Asih et al., 2021).
For example, in Italy, ONAS (Organizzazione Nazionale Assagiatori
Salumi) adopts a dedicated wheel for CC, during sensory analysis and
producer applications for product development and evaluation (ONAS
website, accessed 07/05/2021).

4.2. Projective Mapping

Focusing on the PM, the time spent was considerably less (30-50
min, including verbalisation) compared to the Flash profile, consistent
with Dehlholm et al. (2012), Pages (2003, 2005), Perrin and Pages
(2008) and Santos et al. (2013).

The sum of the variance distribution in the first two dimensions was
79.5 % (Dim. 1: 61.4 % and Dim. 2: 18.1 %), very similar results to the
FP results.

The weights of the panellist were generally high in the first dimen-
sion and medium to low in the second, indicating that most panellist
configurations were determined by Dimension 1.

The product space, as well as the sensory descriptors resulting from
the MFA, was almost identical to the FP one, but with a lesser level of
detail in both discrimination between products and sensory
characterisation.

The modification to the verbalisation step in the PM saw the inclu-
sion of two attributes — High and Low Willingness to Pay - after having
instructed the panel on the integration of these terms. This original
modification allowed to obtain a relative positioning of these attributes
related to other sensory attributes specific to the samples, as well as an
understanding of which attributes are to be improved in this product
category. Attributes like “artificial”, “processed”, “smooth”, “sweet”,
“beany” resulted close to LWTP. On the other hand, product character-
istics like “dry”, “oily”, “salivating”, “spiced”, “smoked”, “strong”,
“colourful” - found near HWTP - not only are they all used to express
similarity to meat in several sensory modalities but are a must to attract
and satisfy most new customer segments. Attributes like “meat-like” or
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“vegetable” appear at the same distance between LWTP and HWTP. We
could dare to say that the consumers are looking for products that are
new and natural.

4.3. Comparison of product maps

To compare the product maps, an MFA was run between the sample
coordinates from the GPA on the FP and the MFA on the PM resulting in
an Rv equal to 0,78. Identical value was obtained by Veinand et al.
(2011) comparing FP and PM. Similar ones by Perrin and Pages (2008),
Rivera et al. (2010) and Albert et al. (2011).

FP gives more detailed information about the sample characteristics,
while PM tends to summarise the information (Valentin et al., 2012).
The use of FP was of interest as the objective of the study was to obtain as
much detailed sensory description as possible. The PM procedure was
executed both to confirm the data obtained in the product maps and in
the semantic generation of terms, to integrate the WTP concept and to
have a more holistic understanding of the products.

4.4. Final Questionnaire and Willingness to Pay

Interestingly, the Final Questionnaire indicated that the three
equally most liked samples were E, J, and X. A significant proportion of
the panellists indicated an increased purchase intent for PBCC after
tasting the products, with 23 % stating they would “definitely buy more”
and 40.9 % indicating they would buy “more”. This suggests that the
sensory experience, particularly with the more liked samples (E, J, and
X), had a positive impact on their purchase intent. Furthermore, a large
majority (9.1 % “very acceptable” and 59.1 % “acceptable”) rated
positively the acceptability of these products for a mass conversion to-
wards PBCC.

Relating to the FP findings, the liking of sample E (Soy and pea
protein, mortadella-like slice) suggests that despite some potentially
negative descriptors like “artificial” (T/F), or “processed” (A/T), the
overall combination of “soft” (A/T; M), “smooth” (A/T; M), “juicy” (M),
and “moist” (M) was somewhat appealing to a portion of the panellists.
The fact that Samples J (Seitan (wheat protein), salami-like slice) and
Sample X (Seitan (wheat protein), ham-like slice) were liked the most
suggests that consumers favoured PBCC with more conventionally meat-
associated sensory attributes like “chewy” (M), “spicy” (T/F; S), “smoky”
(S), “salty” (T/F), “meat-like” (A/T; S), “smoked” (T/F), “umami” (T/F),
and “textured” (A/T).

The PM results indicated that products with attributes like “umami”,
“chewy”, “spicy”, “colourful”, “smoked”, and “firm” (associated with
wheat-based samples like J and X) had a HWTP. This aligns with the
higher liking observed for J and X in the final questionnaire, suggesting
that these sensory characteristics are not only liked but also valued by
consumers.

Conversely, products with attributes like “beany”, “processed”,
“smooth”, “melting”, “artificial”, “pallid”, “salty”, and “sweet” (associ-
ated with soy-based samples like E) were linked to a LWTP. While
sample E was among the most liked, the lower WTP association for its
sensory profile might indicate that consumers are less willing to pay a
premium for these characteristics, or that other factors beyond these
specific descriptors influenced their liking.

It is fairly well-established that “beany” flavours are not appreciated
in Western Europe (Waehrens et al., 2023) where four of the 6 tested
categories (namely PB milk alternatives, PB Yoghurt alternatives, and
PB chicken and beef alternatives) show that consumers want less of it in
their ideal products. What is more, hedonic ratings are still low, even
after trying to affect them by covering the beany off-flavours in
plant-based burger patties with a bun and ketchup (Gonzalez-Estanol
et al., 2023). Consumer acceptance of beany flavours varies across cul-
tures and individual preferences. In fact, studies have shown that Asian
consumers generally have higher acceptance of soy-based products
compared to Caucasian/African American consumers (Lawrence et al.,
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2016).
In Summary, the study identified four distinct groupings of samples:

Group 1 (Soy and pea protein: samples E and R): These samples were
mainly characterised by Dimension 1 (-) attributes in the FP,
described as having a “processed” and “moist” Appearance/Touch, a
“soft” and “smooth” Appearance and Mouthfeel, a “synthetic” and
“vegetal” Smell, an “artificial” and “herbal” Taste/Flavour, and a
“melting” and “juicy” Mouthfeel. In PM, this group was perceived as
“moist/juicy”, “crumbly”, “bitter”, “herbal”, and “soft”. These soy-
based Plant-Based Cold Cuts (cooked ham- and mortadella-like sli-
ces) were associated with a LWTP. Interestingly, sample E from this
group was one of the most liked samples in the final questionnaire,
with 22.7 % of panellists liking it the most.

Group 2 (Soy protein: samples U and P): This group was also mainly
described by Dimension 1 (-) in the FP, sharing characteristics with
Group 1 such as a “processed” and “moist” Appearance/Touch, a
“soft”” and “smooth” Appearance and Mouthfeel, and a “vegetal”
Smell. Additionally, Dimension 2 (-) described this group with a
“dry” Appearance/Touch. In PM, Group 2 was perceived as “beany”,
“smooth”, “neutral”, “salty”, “processed”, and ‘“artificial”. These
extruded soy-based Plant-Based Cold Cuts (cooked ham- and
chicken-like slices) were also associated with a LWTP. Only sample P
from this group was liked the least, along with samples A, M, R, and
U, each preferred by only 4.5 % of panellists. This aligns with the less
appealing sensory characteristics and LWTP associated with this
group.

Group 3 (Seitan, salami-like: samples M and J): These samples were
primarily characterised by Dimension 1 (+) attributes in the FP,
including a “colourful”, “meat-like”, and “textured” Appearance/
Touch, a “spicy”, “smoky”, “meat-like”, and “tangy” Smell, a “salty”,
“spicy”, “smoked”, and “umami” Taste/Flavour, and a “chewy”
Mouthfeel. Dimension 2 (4) also described this group with an “oily”
and “moist” Appearance/Touch and a “spicy” and “spiced” Smell and
Taste/Flavour, as well as a “smoky” Smell. PM described Groups 3
and 4 together as “chewy”, “fibrous”, “colourful”, “smoked”,
“umami”, “spiced”, and “firm”. These wheat-based (seitan) salami-
like slices were associated with a HWTP. Notably, sample J from
this group was also one of the most liked samples (22.7 %), consis-
tent with its appealing sensory profile and HWTP.

Group 4 (Seitan: samples X and A): Similar to Group 3, these samples
were mainly described by Dimension 1 (4) attributes in the FP,
indicating a “colourful”, “meat-like”, and “textured” Appearance/
Touch, a “spicy”, “smoky”, “meat-like”, and “tangy” Smell, a “salty”,
“spicy”, “smoked”, and “umami” Taste/Flavour, and a “chewy”
Mouthfeel. Dimension 2 (-) described this group with a “dry”
Appearance/Touch. PM described these wheat-based (seitan) ham-
and bresaola-like slices, along with Group 3, as “chewy”, “fibrous”,
“colourful”, “smoked”, “umami”, “spiced”, and “firm”, and they were
associated with a HWTP. Sample X from this group was also one of
the most liked samples (22.7 %), further supporting the link between
these sensory characteristics and positive consumer perception.

5. Strenghts and limitations

To the knowledge of the authors, this study is original and timely as it
addresses an understudied product category, which is in constant
development. Moreover, it is original as it combines WTP with Rapid
Sensory Methods providing strategic consumer insights to the PBF
sector.

The sample selection was limited to commercially available PBCC in
Copenhagen, Denmark, which results in a limited selection compared to
other EU countries. A comprehensive market survey at the European
level would have revealed more samples to be considered, mainly in
countries like UK and Germany, where Cold Cuts are a consistent part of
the diet and thus offer a wider variety of PBCC to include in the lexicon
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generation. Nonetheless, the preliminary market research conducted
was extensive and reflected the availabilities of Plant-Based alternatives
in the area of Copenhagen at the time of the study based on manufac-
turer, type, and main ingredients. However, this selection may not
encompass the full spectrum of PBCC products available in other local
areas or globally.

The lexicon developed in this study is based on a sample of 22 con-
sumers from Copenhagen, and therefore, their applicability to other
regions or demographic groups may be limited due to factors such as
cross-cultural differences, gender, and income. Future research should
conduct validation tests using larger and more geographically diverse
consumer panels and a broader selection of PBCC samples to confirm the
applicability and effectiveness of the developed lexicon. This could
involve applying the lexicon to describe new PBCC products and
assessing its ability to discriminate between them and predict consumer
responses.

The very large number of generated attributes induced a themed
grouping in both cases, uncommon for these types of methods, but still
employed in some studies (Silva et al., 2016). This high number might
originate both from the number of panellists employed — 21 compared to
5 or 6 in other studies (Valentin et al., 2012) — and from the separation in
modalities asked in the FP — also uncommon - but which yielded
interesting results. The individual ungrouped attributes are still detailed
in the outer rim of the Sensory Wheel (Fig. 3 and Tables S2-S5).

Because the phases of familiarisation with the product space, attri-
bute generation, and evaluation were combined into a single step, the FP
did not take long. Its implementation allowed for a diversity of view-
points, as assessors from various countries and speaking different lan-
guages were included in the same study. The awareness of the FP’s
weaknesses, together with insight from the pilot test, allowed to
implement measures to avoid them. Since the interpretation of terms is
not always easy due to the large number and the lack of definitions’
(Albert et al., 2011), comments were asked as to the ranking criterion for
each attribute. In order to limit the influence of external parameters like
temperature, humidity and alike, 3 servings of freshly opened samples
were made. According to Delarue and Sieffermann (2004), expert as-
sessors are preferred over consumers for obtaining reliable data. These
authors define ‘expert assessors’ as individuals who have completed
several descriptive evaluation tasks and are capable of understanding
the panel leader’s instructions and generating discriminative and
non-hedonic attributes, even if they have not been trained on a specific
product set - as it was the case for over 70 % of our panel. The PM
presents similar limitations to the FP, as the products need to be pre-
sented simultaneously.

The PM experiment with the integration of WTP as product attributes
allowed for new insights, previously unveiled. PM was selected due to its
efficiency in capturing sensory dimensions from a limited number of
diverse PBCC samples. Although typically used with a large sample set,
PM’s flexibility makes it suitable for small-n qualitative exploration
when one of the focuses is vocabulary elicitation rather than product
differentiation. A common challenge of PM methods is the requirement
for panellists to differentiate products using only two dimensions (Perrin
and Pages, 2008). However, this may not pose a significant issue, as
multivariate analyses (MFA and INDSCAL) often recover the objects’ full
dimensionality. The main drawback of PM method is the difficulty in
interpreting panellists’ descriptions precisely (Perrin and Pages, 2008).
Partial mappings per modality could have allowed panellist to focus on
individual modalities and yield more similar results to the FP. The test’s
main purpose was to include the WTP integration in a time-efficient
manner and to check the consistency of the FP. Also, further research
on the creation of new methods that would include the willingness to
either pay or try in sensory studies could be of interest for product
development. WTP was integrated into the verbalisation task to link
consumer-generated sensory attributes with economic valuation
behaviour. Unlike hedonic scales, WTP offers a market-oriented
behavioural insight, aligning with our aim to connect sensory
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descriptors to purchasing intent. Future studies may consider parallel
use of liking scales for triangulation.

The choice of using FP and PM has proven to be spot on, taking
mainly into account the rapidity versus reliability and the available
budget.

Limitations of this study include the modest consumer sample (n =
22) and product diversity (8 PBCC), which constrain the generalizability
of the developed lexicon. Future research should validate descriptors
using larger and more demographically diverse populations. Cross-
dietary group analysis revealed differences in sensory perception, but
deeper exploration of how health awareness and purchasing behaviour
modulate these findings is needed (Andersen et al., 2022).

Although it is possible to interpret that there are differences between
dietary patterns, the segment sizes are very small, hence the in-
terpretations of results should be handled with care. Further research
should investigate causal relationships using larger sample sizes, lon-
gitudinal and/or experimental cross-sectional designs.

For the proposed sensory wheel to be relevant in product develop-
ment, the incorporation of expert knowledge and consumer feedback
needs to be further integrated. Still, this preliminary wheel, together
with research based on a broader variety of PBCC out of different in-
gredients and in different markets, might contribute to the further
development of such an instrument. The results yielded on this specific
product category could be applied in other categories of products in the
growing PB market.

6. Conclusion

The most defining descriptors from the Flash Profile regarding the
Appearance/Touch of the PBCC are “oily”, “soft”, “smooth”, “pro-
cessed”, “moist”, “colourful”, “meat-like” and “textured”. For the Smell:

“smoky”, “herbal”, “spiced”, “tangy”, “synthetic” and “meat-like”; for
» » “salty”, “herbal” and

the Taste/Flavour: “artificial”, “spicy”, “spiced”,
“umami”, finally for the Mouthfeel: “chewy”, “melting”, “artificial” and
“soft”.

Looking at the consensus product maps, the groupings of the samples
are clear: in the first dimension by the type of main ingredient of the
PBCC: soy-based (1-) (U, P, E, R) and wheat-based (1+) (J, M, A, X) and
along the second dimension by the production process. The extruded
soy-based Plant-Based Cold Cuts (cooked ham-, chicken- and
mortadella-like slices) were perceived mainly as “artificial”, “vegetal”
and “melting”, and these attributes were associated with a lower Will-
ingness to Pay (WTP). Wheat-based ones were perceived as “textured”
and “spiced” (salami-, bresaola-ham-like slices) and associated with a
higher WTP.

The Sensory wheel combined with the insights from the WTP inte-
gration in the Projective Mapping allows to highlight a renewed lexicon
for the PBCC sector - that could be adapted to PBM more generally — that
can trigger a change in tastes through an activated readiness to try. It
constitutes a valuable instrument for the marketing and promotion of
Plant-Based Cold Cuts using a consumer-friendly language.
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Implications for gastronomy

This study shows how language and sensory communication directly
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influence the acceptance of Plant-Based Cold Cuts (PBCC) and related
products. The consumer-derived lexicon and sensory wheel provide
chefs, product developers, and communicators with practical tools for
designing products and experiences that resonate across dietary groups.
By capturing descriptors that reflect how consumers perceive PBCC,
gastronomy gains an evidence-based vocabulary to guide both product
development and menu design.

A key finding is the link between sensory attributes and Willingness
to Pay (WTP). Attributes such as “spicy,” “smoky,” “umami,” and
“chewy” were consistently associated with higher WTP, while “pro-
cessed,” “smooth,” or “beany” notes aligned with lower WTP. This
makes WTP not just an economic measure but a culinary signal: chefs
and producers can prioritise descriptors tied to higher value perception
to improve both product appeal and pricing strategies. Integrating WTP
into sensory evaluation introduces a market-oriented dimension that
highlights which qualities are not only liked but also worth paying for,
strengthening the alignment between gastronomy and consumer
behaviour.

In practice, this research encourages culinary professionals to
rethink language in menu writing, recipe development, and communi-
cation. The sensory wheel provides a structured way to describe plant-
based foods, creating expectations that match taste experiences and
support broader acceptance. By embracing consumer-driven descriptors
and recognising the economic weight of certain attributes, gastronomy
can help normalise PBCC in everyday dishes and elevate them from
substitutes to valued culinary ingredients.
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