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A B S T R A C T

In recent decades, the concept of food pairing has gained importance across various aspects of gastronomic
science. Flavoured oils serve as an excellent case for exploring food pairing with specific culinary preparations.
Simultaneously, as consumers increasingly prioritize sustainability in food production, the search for ingredients
that are both sustainable and appealing has become essential for both producers and consumers. This study
investigates the willingness to try (WTT) and buy (WTB) three oils flavoured with by-products from food pro-
duction and explores consumers’ preferences toward pairing these oils with different culinary preparations, all
within a virtual context.

The dataset was analysed through Cochran’s Q test to examine CATA (Check-All-That-Apply) data, with the
objective of identifying the culinary preparations most frequently associated with each of the three oil types.
Subsequently, six OLS (Ordinary Least Squares) models were implemented - two for each oil: one for WTT and
one for WTB - to determine the drivers influencing each willingness. The exploratory survey, conducted with 333
Italian consumers, revealed key insights: first, how consumers pair these oils with various culinary preparations,
offering valuable directions for practical sensory analysis, and second, highlight the factors that most influence
WTT and WTB oils flavoured with agri-food by-products.

1. Introduction

In the latest decades, consumers are increasingly seeking new sen-
sory food experiences and creative ways of serving and presenting food,
along with a heightened focus on health and well-being, resulting in new
consumption trends (Batat et al., 2019). This has also led to a renewed
interest in flavoured and fortified oils, not only those with conventional
flavours, but also those incorporating unique aromas or utilizing new
flavouring techniques (Lamas et al., 2022). Flavoured olive oil is typi-
cally made by infusing extra virgin olive oil with vegetables, herbs,
spices, or fruits to enhance its nutritional value, sensory characteristics,
and shelf-life (Baiano et al., 2009). However, in the EU, the term
“flavoured olive oil” cannot be used on the label. According to Reg. (EU)
2022/2104, if other ingredients are added to olive oil, the resulting
product cannot be marketed under the same legal designations as olive
oil. Flavoured oils are considered condiments and must follow specific
labelling rules, such as using a descriptive name if there is no legal or

usual name for the product, as stated in Reg. (EU) 1169/2011. Common
flavourings include garlic, pepper, rosemary, and other Mediterranean
herbs.

In recent years, olive oils infused with unconventional ingredients
such as cinnamon, chocolate, coffee, and orange have been emerging as
a new commercial trend worldwide. These flavoured olive oils are
defined by the unique sensory qualities imparted by the flavouring
agents (Lamas et al., 2022).

Some studies (Baiano et al., 2016; Benmoussa et al., 2016; Sousa
et al., 2015) have highlighted that flavoured and fortified olive oils are
gaining significance in the food sector, especially as gourmet products.
For example, a flavoured olive oil with fruity notes like citrus imparts a
complex mixture of substances - such as terpenes, sesquiterpenes, and
oxygenated derivatives - that result in an overall bouquet of fresh and
fruity aromas (Lucchesi et al., 2004).

The addition of spices, herbs, fruits, essential oils, or mushrooms is a
traditional Mediterranean practice to create "flavoured oil", also referred
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to as "aromatized oil" or "gourmet oil”, that are useful to introduce
bioactive compounds known for their nutritional and health benefits
(Antoun and Tsimidou, 1997; Lamas et al., 2022). Incorporating fla-
vouring agents - whether fresh or dried, in powder or extract forms – it is
expected to enhance the antimicrobial, anticancer, and antioxidant
properties of the oil. This could also delay the oxidation process of the
oils. Flavouring virgin olive oils affects their physicochemical, compo-
sitional and sensory characteristics, leading to both positive and nega-
tive outcomes. In particular, significant changes can be observed at the
sensory level (Lamas et al., 2022). Flavouring can enhance certain
positive sensations or introduce new and desirable flavours associated
with the added ingredients, often making these qualities easily notice-
able (Lamas et al., 2022). However, it can also obscure the presence or
decrease the intensity of sensory defects, which can be a deceptive
practice used to elevate the commercial classification of lower-quality
olive oil to a higher-value category (Lamas et al., 2022). In particular,
the aroma profile of flavoured oils is influenced by the specific in-
gredients used, which are typically selected to introduce sensory notes.
Studies have described the aromatization of olive oil with ingredients
such as vegetables (garlic, onion, pepper, chili, sun-dried tomatoes)
(Baiano et al., 2009; Caporaso et al., 2013; Caponio et al., 2016), herbs
(rosemary, oregano, basil, sage, thyme, fennel, juniper, tarragon)
(Veillet et al., 2010), spices (clove, nutmeg, ginger), mushrooms, fruits
(lemon, orange, mandarin, apple, banana), and nuts (almond, hazelnut,
pine nuts), have been used to create distinct aroma profiles in olive oils
(Baiano et al., 2009; Gambacorta et al., 2007; Mannina et al., 2012).
Regarding the characteristics of the oils, flavouring can impact antiox-
idant content and extend shelf life. The introduction of antioxidant
compounds from the flavouring agents can enhance oxidative stability
and slow down oxidation compared to non-flavoured olive oils
(Chahdoura et al., 2023; Díaz-Montaña et al., 2023). However, some
studies have observed the opposite effect, reporting a pro-oxidant
negative impact due to the addition of certain flavouring agents,
which may reduce the oxidative stability of the flavoured oils
(Díaz-Montaña et al., 2022). There are three common techniques used
for flavouring olive oils: the contact method (either permanent or tem-
porary), co-extraction, and the incorporation of essential oils. The con-
tact method, which involves directly infusing the olive oil with the
flavouring agent, is the most traditional and widely used approach.
Recently, there has been an increasing emphasis on incorporating nat-
ural extracts rich in specific bioactive compounds. For example, extracts
containing lycopene or lutein from algae have been added to olive oils.
The goal is not necessarily to enhance a particular aroma or flavour, but
to enrich the oil with specific compounds or families of compounds
known for their beneficial nutritional or health properties (Lamas et al.,
2022). To improve production sustainability, by-products from the food
production industry have been used to aromatize oils. Bendini et al.
(2015) developed an olive oil enriched with lycopene from tomato
by-products through a co-milling process, resulting in a product with
enhanced antioxidant compounds. Additionally, other studies have
highlighted the benefits of using ginger and turmeric powders or ex-
tracts through co-processing and maceration methods (Arslan and Acar,
2024). Olive leaves have also been employed to enrich and flavour olive
oils, owing to the functional properties of this by-product (Perito et al.,
2020).

Food pairing, particularly when it comes to flavoured oils, revolves
around understanding the interactions between different ingredients
based on their shared flavour compounds. This scientific approach has
gained popularity in the culinary arts, highlighting the importance of
both sensory experiences and chemical interactions to create more
enjoyable and complex flavours. The “Flavor Pairing Theory”, proposed
by chef Heston Blumenthal and flavour expert François Benzi, suggests
that ingredients sharing similar aromatic compounds tend to comple-
ment each other more harmoniously in taste. Research supports this
hypothesis, showing that Western cuisines frequently use ingredient
pairs with numerous shared flavour compounds, while East Asian

cuisines often avoid such combinations (Ahn et al., 2011; de Klepper,
2011). The impact of sensory interactions is further demonstrated by
research showing that specific food pairings can enhance the sensory
experience. For example, combinations like banana with bacon or rice
were found to be more favourable compared to pairings such as banana
with olive oil (Traynor et al., 2013). A study by Dinnella et al. (2012)
shows that the addition of extra virgin olive oils with different sensory
properties significantly alters the sensory profiles and consumer per-
ceptions of foods like pureed beans and tomatoes, highlighting the
impact of oil-ingredient interactions beyond the oils’ standalone quali-
ties. Another research finds that consumer commitment to extra virgin
olive oil does not necessarily translate to a preference for high-quality
products. Finnish participants, divided by their knowledge and
involvement with extra virgin olive oil, generally preferred regular
quality oils that matched their sensory expectations, while higher
quality oils were less favoured, even among the most committed con-
sumers (Recchia et al., 2012). This suggests that both sensory perception
and chemical interactions are crucial in determining consumer
preferences.

To the best of the authors’ knowledge, there are almost no studies
that investigate consumer behaviour regarding willingness to try and
buy flavoured oils in a virtual context. One study examines Polish con-
sumer awareness and preferences for edible niche oils, identifying key
factors influencing purchase decisions such as price, nutrient content,
and sustainable production. The findings suggest a need for increased
availability of specific oils and indicate that sensory qualities, produc-
tion origin, and brand are secondary considerations, highlighting areas
for future research and strategy development (Czwartkowski et al.,
2022). In this virtual context, it is crucial to focus specifically on con-
sumer attitudes, intrinsic characteristics, and behaviour, rather than on
the sensory profile of the final product, which has already been dis-
cussed. Aspects such as attitudes towards sustainability
(Aschemann-Witzel and Peschel, 2019), levels of food neophobia and
food technology neophobia (Siegrist and Hartmann, 2020), and the
sociodemographic characteristics of consumers (Asioli et al., 2023) have
been shown to be crucial in identifying a consumer profile that may be
interested in new food products, particularly those that are innovative in
terms of production processes (Roselli et al., 2018) or the use of un-
conventional ingredients (Possidónio et al., 2021).

The aim of this study was to explore, through an online question-
naire, the willingness of Italian consumers to try (WTT) and buy (WTB)
flavoured oils made with agri-food by-products. The survey presented
three types of flavoured oils: two seasonings based on extra virgin olive
oil, a staple ingredient familiar to Italian consumers, and one seasoning
made from cold-pressed hemp seed oil, a niche product. With growing
interest in gourmet oils and the need for more sustainable production
practices, using agri-food by-products to create flavoured oils offers a
promising opportunity. This approach is especially relevant given the
untapped bioactive compounds (e.g., antioxidants) in many agri-food
wastes (Barbosa et al., 2021; Andrade et al., 2022; Kiralan and Kete-
noglu, 2022; Kaur et al., 2023). However, consumer acceptance of these
products must also be considered, particularly factors like food neo-
phobia and attitudes towards sustainable lifestyles, which may influence
their willingness to try and purchase. Additionally, this study aimed to
explore which foods, according to the respondents, best pair with the
three flavoured oils: an extra virgin olive oil flavoured with orange, an
extra virgin olive oil flavoured with tomato, and a cold-pressed hemp
seed oil flavoured with hemp flower essential oil.

2. Materials and methods

Ethical approval

This study was approved by the Alma Mater Studiorum – Università
di Bologna Bioethical Committee (Prot. n. 0208,701, July 26, 2023).
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2.1. Data collection

Between October 31st and November 26th, 2023, a total of 333
Italian respondents participated in a study aimed at exploring consumer
behaviour related to the consumption and purchase of flavoured oils.
The initial dissemination of the questionnaire reached 535 respondents.
However, the final analysis included only 333 responses, as the incom-
plete questionnaires were excluded. The questionnaire, designed and
administered through the Qualtrics platform (Qualtrics, Provo, UT),
employed the “snowball sampling” technique, a non-probability sam-
pling method where existing participants recruit further respondents
from among their acquaintances (Goodman, 1961). Although this
method does not ensure equal quotas in respondent classification, it
allows for a wider distribution of the questionnaire while keeping costs
low. All participants were over 18 years old and provided informed
consent in compliance with the European Data Protection Regulation
(EU, 2016/679). Before its national distribution, the survey was initially
tested on a small sample of individuals. This preliminary testing aimed
to identify any potential issues related to the survey flow. Based on the
feedback received, necessary adjustments were made to the question-
naire to improve clarity and functionality. In the end, participation in
the survey was promoted not only through the official channels of the
AlmaMater Studiorum – Università di Bologna, but also via social media
and word of mouth.

2.2. Questionnaire design

The questionnaire was structured into four distinct sections, each
focusing on different aspects of the respondents’ experiences and atti-
tudes: i) socio-demographic questions; ii) familiarity with conventional
and flavoured oils; iii) food pairing of flavoured oils with different
culinary preparations; iv) attitudinal and behavioural questions. For a
comprehensive view, the full survey is available in the Supplementary
material.

Initially, sociodemographic data were collected from each respon-
dent. This included age, gender, education level, and geographical area
of residence. Responses for ’Non-binary’ and ’I prefer not to specify’
were included in the overall elaboration, but not in the gender analysis,
given the low number of respondents (4 out of 333) for a significative
statistical evaluation. Additionally, respondents were asked two specific
questions to determine who is responsible for grocery shopping in their
household and who primarily handles food preparation in their family.

In the second section, the respondents’ familiarity with both con-
ventional and flavoured oils was assessed. To achieve this, two lists were
provided: one containing 13 traditional oils and the other featuring 20
flavoured oils. The oils in both lists were selected based on a Google
search aimed at identifying the most well-known and widely consumed
traditional and flavoured oils in the Italian market. These lists were
presented in a randomized order to avoid any bias. Respondents were
asked to indicate their level of familiarity with each oil using a 5-point
Likert scale, where 1 represented "I am not familiar" and 5 represented "I
regularly consume it".

The third section was focused on evaluating the potential consumer’s
matching desires for three specific flavoured oils: an EVO oil orange
flavoured, another EVO oil tomato flavoured, and a cold-pressed
hempseed oil hemp flavoured. To assess these combinations, re-
spondents were asked to indicate, from a randomized list of 32 food
items, which foods they believed each flavoured oil would pair best
with. Participants could select multiple foods for each oil, according
with CATA (Check-All-That-Apply) methodology. The list of oils pre-
sented for evaluation included both items rooted in Italian traditional
cuisine and more general categories of food.

In the final section, two key scales to gauge respondents’ attitudes
and behaviours were included: the Food Neophobia Scale (FNS) (Pliner
and Hobden, 1992), which measures people reluctance to try new or
unfamiliar food, and the Consumer Sustainability Consciousness (CSC)

scale (De Carvalho et al., 2015; Jaca et al., 2018), a comprehensive
23-item scale designed to investigate various aspects of consumers’
sustainability-related behaviours and attitudes in food consumption and
purchasing habits. Given that the CSC scale is divided into six domains,
each domain was analysed separately in the subsequent statistical
analysis, rather than using a single aggregated score for each respon-
dent. The six domains include: Access to Information (AI – 4 items),
Crisis Scenario (CS – 2 items), Health Issues (HI – 3 items), Labelling and
Peer Pressure (LPP – 4 items), Sense of Retribution (SR – 6 items), and
Circular Economy (CE – 4 items).

Prior to proceed with the other questions, respondents were provided
with a brief explanatory text that clarified the concept of by-products.
This text was adapted from the definition provided by the Italian
encyclopaedia “Treccani”. This ensured a common understanding
among participants regarding the nature and origin of the by-products
used in the oils. The full text can be found in Supplementary material.
Afterwards, respondents were presented with two statements regarding
the use of by-products in the food industry. They were asked to evaluate
these statements on a 7-point Likert scale. For the first statement they
assessed how positive, reassuring, interesting, and useful they found the
statement. For the second statement they indicated their level of
agreement. In the end, respondents’ willingness to try (WTT) and will-
ingness to buy (WTB) were assessed through six questions. Each set of
two questions was linked to one of three oils: an EVO oil infused with
orange peel from juice production, an EVO oil flavoured with tomato
peels and seeds from tomato sauce production, and a cold-pressed
hempseed oil flavoured with hemp by-products derived from its own
supply chain. Each pair of questions for the oils was presented using a 7-
point Likert scale.

2.3. Statistical analysis

For the data analysis two statistical software were employed:
XLSTAT 2023.3.0 (Lumivero, Denver, CO, USA) and R 4.2.3 (R Core
Team). The packages “tidyverse”, “dplyr”, “ggplot2”, “psych”, “Hmisc”,
“stats”, “car” and “RColorBrewer” were utilized.

Initially, a descriptive analysis of the socio-demographic data was
conducted to establish a general profile of the respondents. Subse-
quently, to assess the level of familiarity with traditional and flavoured
oils, an average consumption index was calculated for each category.
This was achieved by averaging the scores assigned by each respondent
to all the oils within those categories.

In a second stage, the responses to the three questions related to
virtual food pairing were analysed using the procedure for Check-All-
That-Apply (CATA) data. Cochran’s Q test was employed to determine
which food preparations were most frequently selected, and this was
followed by a Multiple Pairwise Comparison test using Sheskin’s Critical
Difference procedure.

To assess the internal reliability of FNS and CSC scales, Cronbach’s α
index was utilized. As per Ursachi et al. (2015), Cronbach’s α values
above 0.6 are deemed acceptable, while values exceeding 0.7 are
considered good to optimal. Scores for each respondent were calculated
based on the two scales, which were then aggregated to derive an overall
index. Given that the CSC scale comprises six domains, the scores within
each domain were totalled for every respondent. These domain totals
were subsequently subjected to correlation analysis. Finally, an index
was computed for each domain. Additionally, respondents were ranked
based on their total scores for each scale and then classified into three
categories representing different levels of attitude: low, medium, or
high, according to the 33rd and 66th percentiles.

Furthermore, an overall attitudinal index was computed based on the
five scores obtained (four for the first statement and one for the second)
from the statements concerning the utilization of by-products in the food
industry.

The one-way analysis of variance (ANOVA) was used to test if there
was a significant difference within theWTT andWTB scores for the three
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flavoured oils. Subsequently, Tukey’s HSD post-hoc test for multiple
comparisons was applied. Ultimately, to identify factors influencing
respondents’ WTT and WTB the three flavoured oils under consider-
ation, a total of six models were estimated using an ordinary least
squares (OLS) estimator:

WTTi
/
WTBi = α + βageAGEi + βmaleMALEi + βfreq flavFREQ FLAVi

+ βatt byprodATT BYPRODi + βfnsFNSi + β CSCi + εi

Here,WTTi andWTBi represent each respondent’s willingness to try
and willingness to buy, respectively, as derived from their scores on the
related questions. The models regress WTT andWTB on a set of potential
behavioural, attitudinal, and socio-demographic variables. Specifically.

• AGE is a continuous variable indicating respondents’ age in years;
• MALE is a categorical variable representing gender;
• FREQ_FLAV is a continuous variable representing the index of the
frequency of consumption of flavoured oils;

• ATT_BYPROD is a continuous variable reflecting the attitudinal index
derived from questions about the use of by-products in food
production;

• FNS is a continuous variable related to the index calculated on the
Food Neophobia Scale;

• CSC is a vector variable that includes indices for each domain of the
CSC scale: Access to Information (AI), Crisis Scenario (CS), Health
Issues (HI), Labelling and Peer Pressure (LPP), Sense of Retribution
(SR), and Circular Economy (CE).

In order to assess the degree of multicollinearity among the predictor
variables in the six regression models, the Variance Inflation Factor
(VIF) was calculated for each variable.

A summary of the statistics for all variables included in the models is
presented in Table S1 in the Supplementary materials. The column
labelled ’Question ID’ provides the code assigned to each question from
which the variables were derived.

3. Results

3.1. Sociodemographic characteristics of respondents

Table 1 presents the sociodemographic characteristics of the re-
spondents, including distributions by gender, age, education level, area
of residence, and grocery and cooking habits.

A total of 333 respondents fully completed the questionnaire, of
which 76% were female, with an average age of 32.6 years. The general
level of education was high: more than half of the respondents (56.7%)
reported having a bachelor’s degree (24.6%) or a master’s degree
(32.1%). Responses to questions about grocery and cooking habits
revealed a framework of cooperation: 219 respondents reported grocery
shopping, and 211 respondents reported food preparation, in collabo-
ration with other family members. Ultimately, the majority of re-
spondents were from the Northeast of Italy, with half (50.7%) residing in
Emilia-Romagna region.

3.2. Familiarity and virtual food pairing

Fig. 1 displays the familiarity and consumption levels of both tradi-
tional and flavoured oils among participants. Considering the conven-
tional vegetable oils, olive oil, extra virgin olive oil (EVO), and
sunflower oil are the most recognized and commonly consumed, with a
significant number of participants indicating regular consumption,
shown by dark green bars. Conversely, less familiar oils such as hemp
seed, flaxseed, and avocado oil show higher proportions of red and or-
ange bars in the chart, signifying that many participants are either un-
familiar with or have never tasted these oils. Fig. 1 also reveals that
participants are generally less familiar with flavoured oils than with

traditional oils. Most participants reported unfamiliarity or lack of
experience with flavoured oils such as vanilla, orange, lemon, and
mandarin, as indicated by the predominantly red bars. In contrast, chilli
and truffle oils demonstrated a higher familiarity, with several partici-
pants reporting occasional (light green bars) or regular (dark green bars)
consumption. Overall, the data indicate that traditional oils are better
recognized and more frequently consumed than flavoured oils, which
remain relatively unknown to many participants.

Regarding the three CATA questions, the most frequently paired
foods were “fennel raw or cooked”, “salad vegetables” and “rice and risotto”
for the orange-flavoured oil, “bread” and “pasta” for the tomato-
flavoured oil, and “bread” and “soups and purées” for the hemp-
flavoured oil. These results seem to reflect, albeit partially, the
concept of food pairing, suggesting that foods with similar flavour
profiles pair better (Ahn et al., 2011). It is also likely that respondents
made direct associations between the ingredient used to flavour the oil
and the gastronomic preparations on the list. This is especially evident
with the tomato-flavoured oil, which was predominantly paired with
bread and pasta, indicating a clear direct association and preference.
Table 2 presents the results of the Multiple Pairwise Comparison test
using Sheskin’s Critical Difference, highlighting the most frequently
paired products for each flavoured oil and the top ten foods in terms of
comparison groups.

Although significant differences between the pairings were observed,
as indicated by the post-hoc test, the relative frequencies of positive
responses for the foods listed in the table are relatively low. This may be

Table 1
– Characteristics of the questionnaire respondents.

Variable Females
(n = 253)

Males
(n = 76)

Non-binary/I
prefer not to
specify (n = 4)

Total
(n =

333)

% % % %

Gender 76 22.8 1.2 100
Age group
18–30 60.5 47.4 50 57.4
31–45 23.7 32.9 50 26.1
46–60 11.9 10.5 – 11.4
61–75 3.9 9.2 – 5.1
Area of residence in Italy a

Northwest 9.9 3.9 – 8.4
Northeast 56.1 63.2 100 58.3
Centre 9.5 9.2 – 9.3
South 17.8 17.1 – 17.4
Islands 6.7 6.6 – 6.6
Education level
Lower secondary school 2.4 2.6 – 2.4
Upper secondary school 24.1 25 – 24.6
Bachelor’s degree 22.9 30.3 50 24.6
Master’s degree 32.4 31.6 25 32.1
Postgraduate
specialization
(Master’s/Ph.D.)

17.8 10.5 25 16

Other 0.4 0 – 0.3
Grocery responsibility
Only I am responsible for
grocery shopping

25.7 25 25 25.5

I share the responsibility
with others (parent,
roommate, etc.)

67.2 61.9 50 65.8

I am not responsible for
grocery shopping

7.1 13.1 25 8.7

Cooking responsibility
Only I am responsible for
cooking

31.2 22.4 25 29.1

I share the responsibility
with others (parent,
roommate, etc.)

63.3 64.5 50 63.4

I do not cook 5.5 13.1 25 7.5

a Classification according to Nomenclature of Territorial Units for Statistics
(NUTS).
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attributed to both the wide variety of foods included in the CATA list,
which increases the distribution of responses, and the fact that virtually
pairing oils with foods may not be an intuitive process for many re-
spondents. Consequently, many participants may have chosen not to

make any associations.

3.3. Scales analysis of FNS and CSC

The FNS demonstrated satisfactory internal consistency, with a
Cronbach’s α value of 0.87. According to the categorical classification,
most respondents (49.8%) were assigned a medium level of attitude
towards food neophobia. Similarly, the CSC showed strong internal
consistency with a Cronbach’s α value of 0.9. As with the FNS, the
majority of respondents (48.9%) were classified at a medium level of
attitude towards sustainability consciousness. Finally, the correlation
analysis revealed that the sums of scores from all six domains of the CSC
were significantly correlated, as shown in Table 3.

3.4. One-way ANOVA results and factors driving respondents WTT and
WTB for flavoured oils

The results from the one-way ANOVA test on scores related to WTT
for each of the three flavoured oils revealed a significant difference
between the hemp-flavoured hempseed oil and the other two, as it can
be seen in Fig. 2. Specifically, there are significant differences in WTT
between both the orange- and tomato-flavoured olive oils and the hemp-
flavoured hempseed oil, while there is no difference between the orange-
and tomato-flavoured olive oils. Overall, the WTT for hemp-flavoured
hempseed oil is significantly lower than for the other two oils.

A similar pattern is observed for the WTB scores. The mean scores for
hemp-flavoured hempseed oil and orange-flavoured olive oil are
significantly different at the 5% level, while the difference with tomato-
flavoured olive oil is significant at the 1% level, as shown in Fig. 3.

Fig. 1. Levels of familiarity of traditional and flavoured oils among participants.

Table 2
– Results of the Multiple Pairwise Comparison test using Sheskin’s Critical Dif-
ference on virtual pairing for the three flavoured oils, in terms of paired product,
relative response frequency, and comparison groups.

Sample Relative
frequency

Groups

Orange-flavoured oil
Fennel raw or cooked 0.559 A ​ ​ ​ ​ ​
Salad vegetables 0.553 A ​ ​ ​ ​ ​
Rice and risotto 0.443 A B ​ ​ ​ ​
Seafood salad 0.434 ​ B ​ ​ ​ ​
Raw fish 0.389 ​ B C ​ ​ ​
Chocolate-based desserts 0.379 ​ B C D ​ ​
Cooked fish 0.346 ​ B C D E ​
Cookies and pastries 0.291 ​ ​ C D E F
Bitter vegetables raw or cooked 0.264 ​ ​ ​ D E F
Cooked white meat 0.264 ​ ​ ​ D E F
Tomato-flavoured oil
Bread 0.699 A ​ ​ ​ ​ ​
Pasta 0.589 A B ​ ​ ​ ​
Pizza 0.525 ​ B C ​ ​ ​
Caprese salad (tomatoes and
mozzarella)

0.504 ​ B C ​ ​ ​

Soups and purées 0.437 ​ ​ C D ​ ​
Rice and risotto 0.431 ​ ​ C D ​ ​
Salad vegetables 0.373 ​ ​ ​ D E ​
Grilled vegetables 0.297 ​ ​ ​ ​ E F
Chickpeas or hummus 0.291 ​ ​ ​ ​ E F
Fresh tomatoes and tomato salad 0.276 ​ ​ ​ ​ E F
Hemp-flavoured oil
Bread 0.599 A ​ ​ ​ ​ ​
Soups and purées 0.212 ​ B ​ ​ ​ ​
Rice and risotto 0.206 ​ B C ​ ​ ​
Pizza 0.188 ​ B C D ​ ​
Boiled potatoes 0.173 ​ B C D E ​
Chickpeas or hummus 0.170 ​ B C D E ​
Grilled vegetables 0.155 ​ B C D E F
Fresh tomatoes and tomato salad 0.145 ​ B C D E F
Bitter vegetables raw or cooked 0.142 ​ B C D E F
Boiled vegetables 0.139 ​ B C D E F

Table 3
– Pearson correlation coefficients for the six domains of the CSC scale.

Domains AI CS HI LPP SR CE

AI
CS
HI
LPP
SR
CE

1
0.414***
0.454***
0.522***
0.535***
0.585***

1
0.253***
0.311***
0.296***
0.351***

1
0.505***
0.405***
0.400***

1
0.528***
0.471***

1
0.597***

1

***p < 0.01.
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Similarly, the WTB for hemp-flavoured hempseed oil is significantly
lower compared to the other oils.

Table 4 presents the results frommodels related to WTT andWTB for
the three flavoured oils under analysis. Regarding the assessment of
multicollinearity, the VIF values for all the predictor variables used in
the models are well below the threshold of 5. This indicates that mul-
ticollinearity is not a concern in these models: the variables can be
considered relatively independent from one another, ensuring the val-
idity of the proposed models. A table (Table S2) supporting this state-
ment is available in the Supplementary materials. The findings indicate
that, on average, WTT decreases with age for all three oils, as suggested
by the negative and statistically significant (p < 0.05) coefficient for the
AGE variable. Additionally, the statistically significant coefficient for
ATT_BYPROD (p < 0.01) implies that respondents with a proactive
attitude towards using by-products in food production have higher WTT
for all three oils. Furthermore, as expected, higher levels of food neo-
phobia negatively impact WTT, indicated by the negative and statisti-
cally significant (p < 0.01) FNS variable. Lastly, for only the hempseed
oil, WTT is negatively influenced by the LPP (Labelling and Peer Pres-
sure) domain of the CSC scale. This domain pertains to environmental
labels and supplementary information sources that can aid consumers in
making decisions (Gulbrandsen, 2006). This result suggests that peer
pressure associated with this particular oil might lead respondents to
consider it misaligned with their values. This occurs with the use of
hemp as a food ingredient, as it has been demonstrated that consumers
are often misinformed about the attributes of hemp food and confused
about the differences between hemp seed oil and cannabidiol (CBD) oil
(Metcalf, 2022).

As for the WTB for the three oils under analysis, the same pattern is
evident for the ATT_BYPROD variable coefficient as in the previous WTT
models: a proactive attitude towards using by-products in food pro-
duction leads to a higher inclination to buy these particular flavoured
oils. Similarly, higher levels of food neophobia imply lower WTB,
although this does not apply to the orange-flavoured oil. Finally, it ap-
pears that for both the orange- and hempseed-flavoured oils, WTB is
positively influenced by the SR (Sense of Retribution) domain of the CSC
scale. This dimension of the scale is closely associated with personal
values and the sense of responsibility regarding environmental and so-
cial impacts (Maiteny, 2002). This suggests that the importance con-
sumers place on aspects such as fair-trade consumption and attention to
the development of local communities, as investigated in the CSC_SR
domain, could be positive drivers for purchasing orange and hemp oils.

4. Discussion

This study identified key dimensions related to consumer behaviour,
preferences, and attitudes regarding flavoured oils: food pairing, con-
sumption habits, attitudes toward using by-products in food production,
and the role of sustainability consciousness and food neophobia in
shaping the willingness to try and buy these unconventional products.

Much of the consumer behaviour documented in this study is
grounded in the concept of food pairing. In this context, consumer
pairing preferences - or at least potential matching desires - between
flavoured oils and culinary preparations were explored through the
virtual application of the food pairing method. Numerous culinary sci-
ence and consumer research studies have demonstrated that familiarity

Fig. 2. Variability of values of WTT scores for each flavoured oil.
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with certain flavour pairings can significantly increase the acceptance of
relatively novel foods (Mancini et al., 2019) and unfamiliar tastes
(Cecchini et al., 2019). For instance, the well-documented tendency for
consumers to match tomato-flavoured oil with bread and pasta in the
current study suggests that culinary practices influence food choices,
reinforcing previous findings that novelty is more readily accepted when
aligned with culturally ingrained social norms (Torrico et al., 2019;

Jamir et al., 2020). Building on this, the literature suggests that a new
food product is more likely to succeed if it can be incorporated into
familiar eating patterns (Nacef et al., 2019; Jeong and Lee, 2021).
Therefore, highlighting familiar flavour pairings and culinary contexts
in new flavoured oils should be a focus for product developers and
marketers. It is also important to highlight the fundamental role of
cultural aspects in this context: the chosen product, olive oil, is

Fig. 3. Variability of values of WTB scores for each flavoured oil.

Table 4
– Ordinary least squares regression models to test the effect of behavioural, attitudinal and socio-demographic variables on WTT and WTB for three flavoured oils.

WTT Orange a WTT Tomato a WTT Hemp a WTB Orange a WTB Tomato a WTB Hemp a

AGE − 0.0132** (0.006) − 0.0129** (0.006) − 0.0151** (0.008) − 0.0046 (0.007) − 0.0039 (0.007) − 0.0010 (0.008)
MALE 0.1742 (0.181) − 0.1052 (0.193) 0.3705 (0.231) − 0.2702 (0.210) − 0.1894 (0.215) 0.0840 (0.231)
FREQ_FLAV 0.3294 (0.192) − 0.1101 (0.205) 0.1252 (0.245) 0.3119 (0.224) − 0.0649 (0.229) 0.1481 (0.246)
ATT_BYPROD 0.5666*** (0.062) 0.5811*** (0.066) 0.7079*** (0.079) 0.4572***

0.072
0.3988*** (0.073) 0.5041*** (0.079)

FNS − 0.3214*** (0.069) − 0.4914*** (0.074) − 0.4945*** (0.088) − 0.1522 (0.080) − 0.3036*** (0.082) − 0.2963***
0.089

CSC_AI 0.0413 (0.074) − 0.0239 (0.080) 0.0609 (0.095) − 0.0263 (0.087) 0.0773 (0.089) − 0.0530 (0.096)
CSC_CS − 0.0096 (0.063) − 0.0789 (0.067) − 0.0238 (0.080) 0.0004 (0.073) − 0.0782 (0.075) 0.0908 (0.081)
CSC_HI − 0.0912 (0.076) 0.0224 (0.082) − 0.1134 (0.098) − 0.1666 (0.089) − 0.0502 (0.091) 0.0348 (0.098)
CSC_LPP 0.0502 (0.078) 0.0432 (0.084) − 0.2056* (0.100) − 1205 (0.091) 0.1312 (0.093) − 0.0637 (0.100)
CSC_SR − 0.0016 (0.076) 0.0361 (0.082) 0.1297 (0.098) 0.2214** (0.089) 0.1450 (0.091) 0.2564** (0.098)
CSC_CE 0.0636 (0.072) 0.0330 (0.077) 0.0099 (0.092) − 0.0543 (0.084) − 0.0281 (0.086) 0.0088 (0.093)
Constant 3.105*** (0.597) 4.160*** (0.639) 2.253** (0.762) 1.837** (0.695) 2.798*** (0.712) 0.681 (0.765)
R2 0.3234 0.3270 0.3361 0.1881 0.1986 0.2132

***p < 0.01.
**p < 0.05.
a Standard error in brackets.
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considered a staple for Italians. Consequently, even the use of a virtual
tool that simulates the pairing process can provide meaningful results,
serving as a valuable starting point for more in-depth sensory analysis
studies, similar to what Arellano-Covarrubias et al. (2019) states for beer
in South America.

Consumption patterns observed in the study align with broader
market trends that emphasize consumer demand for traditional oils,
especially extra virgin olive oil. In this context, it is confirmed that
Italian subjects are generally familiar with EVO oil, as assumed also in a
previous study by Torri et al. (2019). Moreover, the over one-point
difference between EVO oil and the other most familiar two may be
attributed to the fact that EVO oil is the most consumed vegetable oil in
Italy, according to a Doxa (2018) agency survey. Widely considered an
essential component of the Mediterranean diet, extra virgin olive oil is
valued not only for its sensory qualities but also for its health benefits,
such as monounsaturated fats and antioxidants (Psaltopoulou et al.,
2011; Mazzocchi et al., 2019). Its centrality in consumption habits re-
flects its established status within cultural and health discourses, making
it a product that appeals to both taste preferences and health concerns.
However, the limited knowledge and consumption of less traditional
oils, such as hemp seed oil and flaxseed oil, suggest that unconventional
food items face challenges in entering established markets. Familiarity
often provides reassurance and reduces uncertainty about a food prod-
uct, and resistance to unfamiliar foods often stems from concerns related
to sensory attributes, health effects, or preparation methods (Imtiyaz
et al., 2021; Oh et al., 2024). According to recent literature, flavoured
oils enriched with herbs, spices, and citrus have been shown to contain a
wide range of volatile compounds, offer better oxidative stability during
thermal processing and storage, enhance sensory characteristics, leading
to higher consumer acceptance, and boost and maintain antioxidant
levels (Ayu et al., 2024). Moreover, flavoured oils also enhance the
hedonic and sensory qualities of various fried items, particularly
improving crispness (Chammem et al., 2015; Wang et al., 2020), and
offer a longer shelf life compared to vegetable oils without natural an-
tioxidants (Embuscado, 2015). Thus, there is an opportunity for market
growth for flavoured oils, particularly those offering novel sustainability
or health benefits, but this requires educational efforts and effective
communication.

The findings also highlight the growing importance of sustainability
as a driving force in consumer behaviour, particularly in the context of
using by-products in food production. Research indicates that con-
sumers are increasingly concerned about the environmental impact of
their food choices, leading to a higher acceptance of products perceived
as sustainable (Chatzopoulou and de Kiewiet, 2021; Camilleri et al.,
2023). The positive association between proactive attitudes toward
by-products and higher willingness to try and willingness to buy scores
for flavoured oils suggests that communicating sustainability credentials
can enhance product acceptance. Cattaneo et al. (2019) showed that
consumers appreciated receiving information on by-products in food
production. Their study indicated that such information may facilitate
purchase decisions related to foods produced with new technologies, as
it appears to increase consumer confidence in these foods. This aligns
with a broader trend where sustainability is no longer a niche concern
but a mainstream expectation (Mustafa et al., 2022). In addition, our
findings proves that personal values play a crucial role in shaping con-
sumer behaviour (Bhardwaj et al., 2023) toward flavoured oils: the
positive impact of the "Sense of Retribution" dimension of the CSC scale
on the willingness to buy flavoured oils supports the notion that prod-
ucts aligned with consumers’ ethical values - such as fair trade or
environmentally friendly production methods - are more likely to be
accepted (Kutaula et al., 2024).

The impact of food neophobia on the acceptance of innovative food
products, including flavoured oils, is well-documented in the literature
(Siddiqui et al., 2022): there is a clear negative association between food
neophobia and the use of alternative ingredients in food production. For
example, fish fillets derived from fish fed with insect-based feed

(Roccatello et al., 2024) or jellyfish and seaweed (Palmieri et al., 2023).
This negative association also applies to products such as functional
pasta (Palmieri et al., 2021) and eggs enriched with omega-3 fatty acids
(Palmieri et al., 2022). This is particularly relevant for products like
hemp-flavoured oils, where unfamiliarity, combined with mis-
conceptions (e.g., confusion between hemp seed oil and CBD oil), may
further inhibit consumer acceptance. To counteract the effects of neo-
phobia, the literature suggests several strategies, such as increasing
consumer exposure to innovative products through sampling, sensory
education, and providing transparent information about the product’s
origin, ingredients, and benefits (Barcellos et al., 2009; Labyak et al.,
2021).

As for the demographic characteristics, literature supports our result
related to the fact that older consumers are less inclined to accept in-
novations in food production (Baker et al., 2022; Guiné et al., 2020).
Sajdakowska et al. (2018) found that younger Polish consumers are
more inclined to accept innovations in food production, a trend that
persisted over time as evidenced by their studies conducted in 2004 and
2011, and both reported in the abovementioned article. Regarding the
gender dimension, in general, research consistently shows that gender
influences consumer acceptance of innovative products. Typically, fe-
males are less inclined to embrace new technologies in food production
and innovative or novel food products (Nocella et al., 2023), while in
some cases female consumers have shown a higher likelihood of
consuming functional foods, which are products enhanced with addi-
tional health benefits (Baker et al., 2022). In this study, it was expected
that gender would affect the models; however, the predominance of
female respondents over male ones probably limited the impact of this
variable. To be able to investigate the differences between genders, it
would be necessary to reach a greater representation of males.

Overall, the results underscore the complexity of consumer behav-
iour toward innovative food products like flavoured oils. Future
research should focus on understanding how specific consumer seg-
ments respond to various aspects of novel products, including flavour,
health benefits, sustainability attributes, and cultural compatibility.
Additionally, longitudinal studies could provide insights into how con-
sumer preferences evolve over time, particularly in response to shifts in
cultural norms, health trends, and environmental awareness.

5. Limitations and implications

The use of an online instrument in this study presents some limita-
tions. First, it may exclude certain segments of the population, partic-
ularly individuals with limited access to the internet or those less
comfortable with digital platforms, potentially leading to underrepre-
sentation of older adults, low-income groups, or people in rural areas.
The exclusion of certain population segments, in fact, could lead to a
skewed understanding of consumer preferences and opinions, high-
lighting the need for future studies to ensure broader participant in-
clusion. Furthermore, the gender distribution among respondents could
introduce bias, as the higher number of female participants may not
reflect the general population’s gender ratio, potentially skewing the
findings. The overrepresentation of female respondents limits the
generalizability of the results and calls for caution when interpreting
gender-related patterns. This suggests the necessity of tailored com-
munications and offerings that consider gender-based differences in
consumer preferences.

6. Conclusions

This study aimed to explore willingness to try and buy flavoured oils
and the consumers’ preference. Specifically, the questionnaire investi-
gated not only attitudes towards uses of conventional flavoured oils in
pairing with food products, but also explored perceptions of flavoured
oils aromatized with unconventional ingredients, such as by-products
obtained from agri-food production. Initially, the findings highlight a
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tendency to associate flavoured oils with culinary preparations, akin to
the food pairing methodology, albeit in a virtual context. At least 2 food-
items were identified among the 32 proposed options that align with the
respondents’ pairing preferences for each flavoured oil presented. This
finding is significant as it provides a foundation for developing practical
food pairing, potentially reducing the time required to identify suitable
products to pair with the oils. Additionally, the models emphasize
crucial factors - such as age, openness to use agri-food by-products in
food production, level of food neophobia, and concerns about sustain-
ability - that are vital for profiling potential consumers of these inno-
vative products. In fact, younger subjects exhibited a greater interest in
trying innovative flavoured oils, while the inclination towards innova-
tion contrasts with the consistent rejection of flavoured oils by neo-
phobic subjects, regardless of the flavouring agent used. This
exploratory approach paves the way for further investigations into
consumer behaviour towards flavoured oils from a sensory perspective,
implementing virtual food pairing in a practical context.

From this perspective, the here applied virtual food pairing offers a
cost-effective way to gather preliminary insights useful for planning
sensory tests in a more efficient and streamlined manner. The study also
proposes an alternative use of the CSC scale: analysing it by individual
dimensions, rather than as a whole, makes it significantly more effective
in identifying potential consumer clusters with the greatest interest in
the product, as demonstrated by the two models proposed.

In conclusion, this study provides valuable insights for marketing
strategies aimed at identifying consumer clusters likely to be interested
in innovative flavoured oils. It is crucial to consider food neophobia, as
our findings suggest that neophobic consumers tend to avoid even staple
products like olive oils when they contain unconventional ingredients.
While this may be less of an issue for tomato-flavoured oil, which shows
the greatest market potential, the effect is more pronounced for orange-
and hemp-flavoured oils.
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Implications for gastronomy

The concept of food pairing, in gastronomy, has gained considerable
importance in recent decades, not only for its implications in creating
innovative recipes and dishes, but also as a challenge that can be studied
by sensory evaluation. While theoretical food pairing can be assumed
based on similarity, diversity or on aromatic profiles, a sensory test of
each hypothesis on a significative number of assessors or consumers can
be long and extremely costly. Thus, implementing a “virtual” food
pairing approach provides a rapid and cost-effective method for identi-
fying consumer-preferred combinations.

Such as in a research context, this approach may also be effective in
practical applications, such as in restaurant settings. For instance, vir-
tual food pairing could serve as an alternative to traditional menus,
allowing customers to choose from a selected proposal of ingredients to
create pairings that best align with their preferences, rather than
selecting from pre-designed dishes. Some restaurants or restaurant
chains already offer a similar concept, albeit in a simpler form, where
the choice is limited to additional ingredients. An example of this

approach is the method used for selecting ingredients in poke bowls. So,
the developed approach for flavoured oils, much more exploratory and
personalized, could be extended to other products, including sauces,
fruits and vegetables, seasonings, and even beverages. In a framework of
data collection and sharing by restaurateurs, employing a co-creation
approach with potential for remuneration, the implementation of this
method could benefit various stakeholders by providing insights into
consumer-desired dishes or products that are not yet available or fully
represented in the market. Such insights could foster culinary innova-
tion or support the launch of new food products.
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