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Abstract: In recent years, there has been a growing focus on healthy eating. Concerns about general
healthiness, food safety, evolving culinary preferences and the shift towards healthier lifestyles are
shaping consumers' intentions when it comes to food purchases, impacting the demand for food items
that are perceived as healthier than other options. This study aims to enhance our understanding of the
significance that consumers place on perceptions of food digestibility, with a specific focus on sweet
peppers as a case study. To explore signals linked to consumers' perceptions of digestibility, a
questionnaire was administered to 582 Italian consumers. Employing an econometric estimation as the
methodological approach, we aim to elucidate the relationship between various factors and the
perception of digestibility. The results suggest that intrinsic and extrinsic characteristics of sweet
peppers, culinary preparations and sociodemographic traits of consumers may influence perceived
digestibility. In conclusion, the study finds that Italian consumers pay significant attention to the
digestibility of sweet peppers, and these insights can serve as a valuable tool for the gastronomy sector.
This paper introduces novel aspects to the literature, as—to the best of the authors' knowledge—no
previous study has explored consumers' perceptions of food digestibility.
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1. Introduction

Consumer perceptions of food digestibility can significantly vary based on individual factors,
including personal experiences, cultural beliefs and dietary habits [1,2]. While some consumers
prioritize easily digestible foods due to health reasons, religious restrictions, ethnic customs or cultural
significance [3], others may prioritize factors like taste, convenience or other considerations [4].

Nonetheless, a common preference among consumers is for foods that are easily digestible and
do not cause digestive discomfort [5]. In recent years, there has been a growing interest in foods
perceived as more easily digestible, including fermented foods and beverages such as yogurt, kefir and
kombucha [6,7]. Despite being marketed to promote intestinal health and digestion, the scientific
evidence supporting these claims requires further investigation [8]. Additionally, certain consumers
may steer clear of foods perceived as challenging to digest or those associated with digestive
discomfort, such as beans, cruciferous vegetables and high-fat or spicy foods. These foods are often
considered ‘“heavier” or “richer” and may be avoided by individuals aiming to manage weight or
maintain a healthy diet [9]. In addition, Chowdhury et al. [10] highlighted that the digestibility of
various foods is perceived to vary based on their physical forms. Meanwhile, Munialo and Andrei [3],
in their analysis of the health benefits of plant-based foods, underscore the role of attitudes and sensory
perception in shaping consumers’ perspectives on this food category.

Despite the abundance of studies scrutinizing consumer decision-making regarding fruits and
vegetables, there is a noticeable gap when it comes to considering the perceived digestibility attribute
in the consumer purchasing process. This gap becomes even more pronounced when focusing on the
perceived digestibility of vegetables. In the realm of fruit and vegetable consumption, research has
extensively explored facets of consumer experience and post-consumption satisfaction. Scholarly
investigations underscore the influence of food quality, food safety concerns and the place of purchase
on consumer preferences and consumption patterns during purchasing decisions [11-14].

These concerns become more significant during the selection of vegetables due to their
complexities related to sensory-related qualities, health benefits, nutritional value and pricing [15-17].
However, there is currently a lack of in-depth analysis on the consumer perception of vegetable
digestibility. Certainly, examining how consumers perceive the digestibility of food, particularly with
a specific focus on vegetables, holds significant importance. Despite various studies investigating
different aspects of vegetable perception [11,18-23], there has been no dedicated study specifically
addressing consumer perceptions of food digestibility. Understanding this perception is crucial, as it
can impact a consumer’s satisfaction and influence their likelihood to repurchase the product in the
future. As this topic continues to gain prominence in consumer food choices [3,24], the current study
seeks to fill a research gap by investigating the perception of sweet peppers among Italian consumers.
There exist numerous ecotypes of peppers (C. annum) globally, ranging from more widespread
varieties to locally cultivated ones, exhibiting differences in various aspects, particularly in flesh
texture and skin thickness. These variations contribute to distinctions in digestibility and culinary
qualities [25]. Notably, the seeds and peel of vegetables, including peppers, are frequently discarded
due to perceived poor digestibility, despite containing bioactive compounds with healthful and
functional characteristics [26]. While peppers are recognized for causing some digestive issues, as far as
the authors are aware, no studies have scrutinized the perceived digestibility of this vegetable by consumers.

Hence, this study aims to investigate consumers' perceptions of peppers regarding their
digestibility. It takes into account the intrinsic sensory characteristics and extrinsic variables of peppers,
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along with culinary preparations and sociodemographic characteristics. Generally, peppers are
considered a healthy and digestible food for the majority of people [27], although some consumers
have reported digestive problems [25]. In this context, the novelty of this paper lies in providing a
deeper understanding of consumers' perceptions of peppers concerning their digestibility and its
implications in gastronomy, utilizing sweet peppers as a case study.

The remainder of this paper is organized as follows: Section 2 offers a comprehensive literature
review covering studies on the intrinsic sensory aspects of sweet peppers, as well as the extrinsic and
socio-demographic characteristics associated with the consumption of peppers and vegetables.
Additionally, this section introduces the research hypotheses. Section 3 provides a detailed overview
of the methodology employed. Section 4 presents the primary findings derived from the linear logit
model. Section 5 assesses the hypotheses and engages in a discussion of the main results, drawing on
the existing literature related to sweet peppers and vegetables. Section 6 summarizes the outcomes,
highlights the study's implications and limitations and outlines avenues for future research.

2. Conceptual background and research hypotheses

Building on the preceding considerations, this section delineates the conceptual background of
the study. It subdivides the main groups of determinants that will be analyzed and outlines the research
hypotheses. This serves as a foundation before transitioning to the operational phase of data collection.

2.1. Composition and digestibility of sweet pepper

Sweet peppers (Capsicum annuum) are nutrient-rich vegetables, serving as a commendable
source of vitamins and dietary fibers [28]. Dietary fibers, categorized as carbohydrate polymers
resistant to digestion and absorption in the small intestine, undergo fermentation by the host microbiota
in the large intestine [26,29]. This fermentation process produces gas, potentially leading to
undesirable effects like excessive flatulence or abdominal pain [30,31]. Dietary fibers, encompassing
oligosaccharides, disaccharides, monosaccharides and fermentable polyols, are found in various foods,
including fruits, vegetables, dairy products, grains and legumes. Despite playing a crucial role in
nutrition and contributing to the healthy functioning of the entire gastrointestinal tract, the ingestion
of dietary fibers can induce several unpleasant effects, resulting in digestive discomfort [32,33].
However, beyond fibers, peppers also boast a spectrum of nutrients conducive to digestion, such as
vitamin C, vitamin A and potassium [34,35]. These nutrients contribute to the support of the digestive
system by fostering a healthy gut microbiota, reducing inflammation and maintaining regular bowel
movements [36]. Despite these beneficial aspects, some individuals may encounter digestive problems
after consuming peppers, especially if they possess sensitivity or allergies to nightshade vegetables [27].
Nightshade vegetables, like peppers, tomatoes, eggplants and potatoes, contain a natural chemical
called solanine that may cause digestive discomfort in certain individuals [33]. The digestibility
of peppers is contingent on various factors, including their preparation, individual tolerances and
species [26,37,38]. Therefore, the first hypothesis was proposed:

Hypothesis 1: Consumers perceive the digestibility of peppers differently.
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2.2. Sensory attributes of fruit and vegetables and digestibility

Color, flavor and texture represent sensory intrinsic attributes crucial for immediate product
differentiation and have demonstrated significance in consumer choices for fruits and vegetables [19,39].
The visual appearance of a product forms the consumer's initial impression, leading to associations
with other sensory characteristics such as aroma, taste and texture. For instance, displaying images of
differently colored apples elicits perceptions among consumers, with green apples considered sour,
red apples perceived as sweet and yellow apples suggesting a soft texture [40]. Bell peppers, whether
consumed raw (green) or ripe (e.g., red, yellow), offer a diverse range of flavors [41]. The color of
sweet peppers emerges as a primary factor influencing a consumer’s purchasing decisions [42]. In
markets, green, yellow and red peppers are available, and color can significantly impact consumer
choices and their willingness to consume [43]. Hence, visual appearance serves as a pivotal criterion
for post-harvest quality assessment of fruits and vegetables [44].

Beyond color, visual appearance encompasses perceptions of size, shape, gloss, texture and the
absence of blemishes, wilting or rotting [45]. Since color can influence the perception of taste and
texture, the authors posit that it may also impact consumers' perceptions of digestibility. In the case of
sweet peppers, assessing their digestibility and organoleptic and culinary properties involves
considerations such as the consistency of the pulp, crunchiness and peel thickness [25,26]. Accordingly,
the second hypothesis was proposed:

Hypothesis 2: Taste-related sensory attributes such as consistency of pulp, crunchiness, and peel
thickness as well as visual appearance attributes such as color influence consumers' perception of
digestibility

2.3. The effect of cooking on digestibility

Peppers serve the dual purpose of adding color and flavor to various food products and meals.
Their culinary versatility extends from being used as a vegetable, such as bell or sweet peppers, to
acting as a spice, as in the case of chili, or even as a colorant, like paprika. This diversity is contingent
upon the different intensities of flavor and textures they impart [46]. Culinary preparations encompass
a range of options, including pickled peppers, frozen slices or cubes for pizza and raw inclusion in
salads [47]. Peppers are incorporated into diverse dishes, whether consumed fresh, powdered or
cooked with vegetables. They are commonly featured in pasta, pickles and sauces and can be prepared
through boiling or sautéing [48]. These cooking processes, often employed to enhance palatability and
improve the edibility of foods [49], can bring about alterations in the physical characteristics and
chemical compositions of peppers. However, the tolerability of individuals to cooked peppers is
contingent on the specific preparation method. Studies indicate that cooking methods can indeed
impact the digestibility of peppers [38]. For instance, grilling or roasting peppers can assist in breaking
down tougher fibers, rendering them easier to digest [38,50]. Conversely, overcooking peppers may
lead to the breakdown of essential nutrients, diminishing their digestibility [51]. Thus, it is evident that
cooking methods play a crucial role in influencing the digestibility of peppers [38]. Therefore, the third
hypothesis was proposed:

Hypothesis 3: Preparation methods of peppers influence consumers' perceptions of digestibility.
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2.4. Socio-demographic characteristics of vegetables consumers (including sweet peppers)

Food choices are intricate, influenced by a myriad of factors that can impact individuals
differently, contingent upon context, personality, social groups and sociocultural position [21]. A study
scrutinizing the sociodemographic characteristics of consumers concerning various fruit and vegetable
attributes [21] revealed that the typical fruit and vegetable consumer is predominantly middle-aged,
with both women and men playing significant roles. Notably, consumer choices are markedly
influenced by factors such as average income and age. Household economic resources, in particular,
have proven to be discriminative in purchasing decisions, guiding low-income consumers toward
generic products without distinctive features. In the realm of sweet peppers, a study that segmented
consumers based on their preferences found that a few segments displayed noteworthy differences
from the overall sample, with gender, household size and the frequency of green and yellow bell pepper
purchases identified as the demographic and behavioral variables that predominantly determined
membership in most segments. Consequently, the identification of purchasing patterns based on
socioeconomic characteristics [ 18] remains a crucial priority in this field, with a specific emphasis on
income, education, gender and age [52,53]. Accordingly, the fourth hypothesis was proposed:

Hypothesis 4: Sociodemographic characteristics such as gender, age, income and education can
have an impact on different perceived digestibility by consumers.

2.5. Extrinsic attributes related to sustainability.

It is crucial to recognize that with the diminishing direct link to producers in recent years [19],
consumers often rely on extrinsic attributes such as brand name or country of origin as indicators of
product quality and safety when making food choices, alongside considerations of production methods
and process certifications [35,54]. Attributes linked to production methods have diverse impacts on
purchasing decisions in consumer studies, covering aspects related to the environment, risks and
certification criteria. For instance, organic production encompasses, albeit broader in scope, the
"pesticide-free" attribute, as it prohibits the use of synthetic pesticides [39]. Extrinsic quality
characteristics, encompassing style, labeling, branding, packaging and other elements of the marketing
mix, are pivotal not only for enhancing consumer appreciation of a specific product but also for
increasing producer benefits by enabling the offering of a unique selling proposition and creating
added value [55,56]. While intrinsic characteristics have been deemed more crucial in consumer
evaluations of fruits and vegetables [14], the incorporation of additional extrinsic quality
characteristics in fruit and vegetable offerings is readily adaptable [55]. It is imperative to consider
extrinsic aspects related to sustainability, given the growing consumer emphasis on more sustainable
products [57-59]. Therefore, the fourth hypothesis was proposed:

Hypothesis 5: Production method of bell pepper related to sustainability can affect overall consumer
perception of digestibility.

3. Materials and methods
3.1. Survey design

The survey was designed to assess consumers' perceptions of digestibility based on their stated
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preferences. A questionnaire, encompassing demographic information, sweet pepper consumption
habits and factors influencing digestibility, was created to collect data and insights on the perceptions
of Italian consumers regarding sweet pepper digestibility.

The questionnaire consisted of a multi-section survey divided into three groups: (1) general
characteristics of sweet pepper consumption, where also perceived digestibility was investigated; (2)
importance of extrinsic and intrinsic characteristics for sweet-pepper consumption and (3) socio-
demographic characteristics of the sample. The first section included the culinary preparation of
peppers and color, while the second section had questions related to sensory and taste attributes and
finally production process sustainability index. To quantitatively investigate consumers behavior,
Likert scales were adopted ranging from 1-7 in section 1 and 2. The 7-point Likert scale was chosen
because it facilitates consumer responses while maintaining good accuracy [60]. Furthermore, it is
widely used in consumer-oriented surveys [2,61,62].

The questions in section 1 were developed as follows:

* How often do you consume red/yellow/green pepper? (1 = never; 7 = very often)

* How often do you consume raw/sautéed/baked pepper? (1 = never; 7 = very often)

Section 2 included the questions:

* How important are the following intrinsic attributes for pepper consumption (consistency of
pulp/crunchiness/peel thickness? (1 = not important; 7 = very important)?

* How important are the following extrinsic attributes for pepper consumption environmental
impact/place of production/certification of integrated productions? (1 = not important; 7 = very
important)?

Prior to conducting the study, a pilot survey involving 40 individuals (with different gender,
educational background, places of residence and age) was organized to check if questions could be
understood by consumers and to make any necessary adjustments. This preliminary phase led to minor
corrections and the validation of the final survey.

Respondents were selected through convenience sampling—a nonprobability method—due to
budget constraints. Only participants who were aged 18 or older, currently residing in Italy and
consumers of sweet peppers were included in the survey, meeting the specified criteria.

Data was gathered online in Italy by using a questionnaire divided in different sections that was
shared via link and generated using Google form. To effectively collect data and to reach consumers
in different Italian locations by bridging the limitations of physical distance, chain referencing was
used [2]. This method, also known as snowball sampling, is considered a nondiscriminatory and
nonprobabilistic method that, using existing social structures, allows exponential data collection [63].
The effectiveness of this sampling procedure can be related to the chain reaction generated by data
collection. Indeed, respondents participating in the survey have the possibility to share the
questionnaire to their acquaintances [64]. The survey was shared in different social media platforms
and respondents were involved after being informed about the topic and the goal of the research. In
fact, informed consent was provided to the respondents, also indicating that the survey should only be
compiled by adults over 18. In addition, to improve the reliability of responses, a screening question
was introduced that asked consumers whether they were currently responsible for food expenditures.
Data collection leads to a convenient sample of 582 valid records whose characteristics are depicted
in Table 1. A power analysis was conducted utilizing the Conjointly website [65]. The findings
revealed that, for a population of 60,000,000, with a 95 percent confidence level, a 5 percent margin
of error and a sample proportion of 0.5 (all commonly used criteria), the suggested sample size is 385
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respondents. This suggests that a sample of 582 respondents provides adequate power for the study.
However, given the exploratory nature of this study, it relies on a sample that may not meet the criteria for
statistical representativeness, but the primary goal is to generate novel ideas on an unexplored topic [66].

Table 1. Sociodemographic characteristics and perceived digestibility of the sample (n = 582).

Group of variables Items Frequency Percent
Age cohort 19-33 y.o. 147 25.26
3448 y.o. 189 32.47
49-63 y.o. 176 30.24
>64y.0 70 12.03
Gender Male 226 38.83
Female 356 61.17
Education Primary and middle 43 7.39
schools
High school 237 40.72
Bachelor’s and master’s 230 39.52
degrees
Higher education 72 12.37
Perceived digestibility Bad digestibility (0) 227 39.00
Good digestibility (1) 355 61.00

3.2. Data analysis

In this study, data analysis was conducted using two logistic regressions, with and without
interaction terms, to find relations between perceived digestibility as a dependent variable and different
predictors of consumers choices. The same objective could have been achieved by implementing probit
models. However, since probit specifications and logit regressions are quite similar, their results are
comparable and there is no compelling reason to prefer one over the other [67]. Thus, logistic
regression was deemed a suitable tool to deal with the binary dependent variable [68,69]. Indeed,
perceived digestibility was investigated by asking consumer the following question:

Do you perceive sweet peppers as a vegetable with good digestibility after consumption? The
possible responses to this question were: (a) “yes, I perceive good digestibility after peppers
consumption” coded as value 1 and (b) “no, I do not perceive good digestibility after peppers
consumption” coded as value 0.

This strategy allows the generation of a dummy variable. Therefore, by applying linear regression
based on ordinary least squares (OLS), problems would arise in the predicted probabilities. OLS is
called linear probability model when applied on dummy variables and cannot properly predict
probabilities since estimates not included between 0—1 can be provided. Moreover, normality and
heteroscedasticity assumption cannot be met [70]. Based on these consideration, logistic regressions
were adopted and formalized as indicated in Equation (1).

logit[P(y = D] = a +Bixy + - +Bexk (1)

Equation 1 indicate that the model includes several variables, therefore regression can be
considered a multiple logistic regression [71]. In the first formula constant term is indicated with a,
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while B are the estimated coefficients of the regression, used to transform a binary dependent variable
in to a continuous one using the natural logarithm of the odds ratio. Indeed, logit transformation
provides a continuous logarithmic function starting from non-continuous data. The estimation of the
coefficient is conducted using the maximum likelihood estimation (MLE) [72].

Finally, x; to x; are the regressors included in the model. Equation 2 can be obtained from
Equation 1 and allows prediction of the probability of the dependent variable to assume value 1, i.e.,
to have experienced a good digestibility by eating peppers.

e +B1x1++Bpxy

PO = 1) = v @

Based on the formalized logistic regression, the analysis was performed in two steps. The first
regression, i.e., the no-interaction model, was conducted with the following groups of variables and
specific items:

e Sociodemographic variables:

Gender (dummy); age (categorical 1-4); education (categorical 1-4)

e Sensory/taste attributes variables:

Consistency of pulp (categorical 1-7); crunchiness(categorical 1-7); peel thickness (categorical 1-7)

e Culinary preparations variables:

Raw (categorical 1-7); sauteed (categorical 1-7); baked (categorical 1-7)

e (Color/visual appearance variables:

Red (categorical 1-7); yellow (categorical 1-7); green (categorical 1-7)

e Variables related to the production process sustainability index:

Environmental impact (categorical 1-7); place of production (categorical 1-7); certification of
integrated production (categorical 1-7)

The second regression, i.e., the interaction models, combined variables to obtain a deeper
understanding of factors affecting self-perceived digestibility of peppers. The selection of interaction
terms was made with the awareness that adding too many interactions can lead to excessively large
models, resulting in a loss of degrees of freedom. Therefore, the number of interactions was decreased
to align with the goals of the survey [73,74]. In particular, the role of colors was combined with socio-
demographic variables. The colors considered were red and green, since descriptive analyses have
shown them to be the most and least preferred colors by consumers, respectively, so they can cover
the entire range of preferences. Instead, the sociodemographic variables considered were age cohort,
gender and education. The variables were chosen based on similar studies adopting similar
methodology [75,76]. Indeed, in this analysis, the role of intrinsic and extrinsic characteristics
combined with socio-demographic predictors were included, specifically: red#age, red#gender,
red#education, green#age, green#gender and green#education. Integrated pest management (IPM) was
preferred to the organic certification because the latter is investigated in the literature [77], while few
studies focus on IPM label.

The log transformation of odds ratio or coefficients in logistic regression cannot be used directly
to retrieve quantitative information. Coefficient have the important advantage related to the
linearization of a dummy variable but can provide only indication of the direction of the effect and the
qualitative magnitude. In fact, average marginal effects were adopted rather than the direct probability
estimation to describe discrete change in probability due to a discrete change of regressors [61].

To allow the model obtaining robust estimated coefficients, variable selection was conducted
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combining stepwise backward selection to both the regressions. This procedure consists of an iterative
process that considers an original pool of variables and removes those that are not significant by
generating the least inflation in residual sum of square [78].

To deal with multicollinearity, i.e., a problem related to multiple regression model, variance
inflation factor (VIF) analysis was conducted [76]. Any predictors adopted in this study were checked
trough this method, excluding the interaction variables since they are naturally multicollinear. Also,
motivation should not be included in VIF analysis [79].

4. Results
4.1. Descriptive statistics

As a preliminary result, descriptive statistics of the variables used in the econometric model are
presented. Summary statistics are listed in Table 2 and refer to the average importance attached by
consumers to selected attributes when purchasing sweet peppers. From a descriptive point of view, all
variables except one are considered important by consumers since the average score is always above
the threshold value of the 7-point Likert scale (3.5), but some features turn out to be more crucial than
others. The color of the sweet pepper is the attribute considered most important, and red peppers,
followed by yellow peppers, appear to be the consumer favorites. Subsequently, among the intrinsic
sensory characteristics of sweet peppers, the consistency of the pulp and crunchiness are particularly
valued and considered during purchase and consumption processes, followed by the peel thickness.
Extrinsic characteristics related to production also have a high level of relevance and particularly the
place of production of sweet pepper as well as the environmental impact of the production are attributes
considered relevant when purchasing this vegetable. Considering the most appreciated culinary
preparation by order of importance, consumers on average prefer sautéed, baked and raw peppers.

Table 2. Descriptive statistics of regressors used in logit models (n = 582).

Variables Mean SD

Raw 3.06 2.16
Sauteed 4.80 1.95
Baked 4.44 2.03
Peel thickness 4.69 1.95
Consistency of pulp 5.28 1.71
Crunchiness 5.25 1.81
Red 5.95 1.46
Yellow 5.54 1.64
Green 3.57 1.87
Environmental impact 4.76 1.94
Place of production 5.17 1.83
Certification of integrated production ~ 4.15 1.98
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4.2. The econometric model

This section presents the results of logistic regressions, which were performed using consumers'
perceived digestibility as the dependent variable and intrinsic sensory characteristics, extrinsic
characteristics related to production, culinary preparations and sociodemographic characteristics as
explanatory variables. Before focusing on the main results of the logit models, VIF analysis is provided
in Table 3. The table shows the VIF values for each significant variable of the logit model, useful to
check for multicollinearity. When the 1/VIF value is greater than 0.2, as in this case, the estimates are
considered not affected by multicollinearity issues. Therefore, the interpretation of models estimates
can be conducted.

Table 3. Variance inflation factor (VIF) of the logistic regression models.

No-interactions Interaction model

Variables VIF 1/VIF VIF 1/VIF
Raw 1.06 0.94 1.07 0.93
Sauteed 1.07 0.93 1.17 0.86
Peel thickness 1.13 0.88 1.24 0.80
Gender 1.22 0.82 1.23 0.82
Age 1.27 0.79 1.28 0.78
Education 1.04 0.96 n.a. n.a.
Red n.a. n.a. 1.92 0.52
Red#Education n.a. n.a. 1.73 0.58
Mean VIF 1.13 1.38

Note (s): n.a. = not available.

Two models are presented in Table 4, one without interactions and one in which interaction
variables, socio-demographic#colors were included, as explained in Section 2.2. Both were generated
by the stepwise process that selected only significant regressors. Thus, in Table 4, only covariates with
a significant effect on the perceived digestibility are presented. The average marginal effects of each
variable were calculated in both logistic regression models to allow the quantitative interpretation of
the coefficients using percentages (Table 5).

As for the model without interactions, sociodemographic characteristics can be considered the
strongest predictors of perceived digestibility, with gender being the most important variable in terms
of magnitude and with a negative effect. The negative coefficient is related to a bad perceived
digestibility after consumption. Thus, when the perceived digestibility of consumers increases, the
variable gender decreases. Hence, as shown in Table 5, being a woman decreased the probability to
perceive a good digestibility of 13.8%. Gender is followed, in terms of magnitude, by the respondents'
level of education and age. Conversely, the latter two variables show a positive effect on perceived
digestibility, namely, as these covariates increase, positive perceived digestibility of sweet pepper
increases. This means that predictors with positive coefficient are related to a good perceived
digestibility of peppers. In particular, consumers with higher levels of education and older are more
likely to perceive a better digestibility of bell pepper, 6.2% and 5.8% respectively for discrete
variations of regressors.
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Table 4. Logistic regression of variables influencing perceived digestibility of peppers (n = 582).

Variables No interactions model Interaction model

Coeff. p-value Coeff. p-value
Raw 0.149 0.001*** 0.150 0.001%**
Sautéed 0.121 0.009%** 0.126 0.010%**
Peel thickness -0.129 0.007%** -0.122 0.017**
Gender -0.621 0.003%** -0.634 0.002%**
Age 0.261 0.012%* 0.267 0.011%**
Education 0.281 0.013** n.s. n.s.
Red n.s. n.s. —0.164 0.049**
Red#Education n.a. n.a. 0.054 0.004***
Constant —0.893 0.062%* —0.094 0.835
Log likelihood —370.57448 —369.31483
Pseudo R2 0.0479 0.0511

Note (s): n.s. = not significant; n.a. = not available, p-value significance: * <0.1; ** < (.05; *** <(.01.

Table 5. Average marginal effects of logistic regression models.

No interactions Interaction model
Variables dy/dx p-value dy/dx p-value
Raw 0.033 0.000 0.033 0.000
Sauteed 0.027 0.008 0.028 0.008
Peel thickness —0.029 0.006 —0.027 0.015
Gender —0.138 0.002 —-0.141 0.002
Age 0.058 0.011 0.059 0.010
Education 0.062 0.011 0.071 0.003
Red n.s. n.s. —0.006 0.699

Among intrinsic and extrinsic characteristics, the preference for raw peppers has a significant and
positive effect on perceived digestibility, while the peel thickness has a significant negative effect. In
other words, a preference for culinary preparation such as “raw” increases the probability of perceiving
good digestibility of 3.3%, while giving a high level of importance to the peel thickness during sweet
peppers purchasing decreases the probability to perceive a good digestibility of 2.9%. Finally, the
weakest predictor in terms of magnitude is the culinary preparation “sautéed”, which has a negative
effect on perceived digestibility. Thus, preferring the culinary preparation “sautéed” increases the
probability of perceiving good digestibility of 2.7%. Overall, the strongest predictors of perceived
digestibility are those related to the socio-demographic variables. The role of the other regressors can
play a role in describing perceived digestibility, but as secondary drivers. Focusing on the interaction
model, the interaction variables allow the list of covariates affecting perceived digestibility to be
expanded. Indeed, the “red” color covariate and the interaction between “red” and “education” are
added to those already present in the first model without interactions. “Red” shows a negative effect
on perceived digestibility, indeed the preference for red peppers decrease the probability of perceiving
a good digestibility of 0.6%. However, when “red” is combined with “education” the effect is positive.
This suggests that perceived digestibility increases when both red and education increase. Therefore,
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highly educated respondents that consume red peppers are more likely to perceive peppers as easy to
digest. Moreover, a high level of education and preference for red peppers increases the probability of
perceiving a good digestibility of 7.1%.

Hence, the logit models allowed to identify several variables which influence the perceived
digestibility of bell peppers. These covariates were identified among the sensory intrinsic
characteristics such as red peppers and peel thickness, culinary preparations such as raw or sautéed
peppers and consumers sociodemographic characteristics such as gender, age and education.
Conversely, the variables related to the sustainability of the production process, namely environmental
impact, place of production and certification of integrated production as specified above, did not yield
significant results. This indicates that they cannot be considered predictors of perceived digestibility.

5. Discussion

The findings of this study reveal that certain factors linked to the intrinsic and extrinsic
characteristics of sweet pepper, its culinary preparations and the sociodemographic profile of
consumers may impact the perception of digestibility. The application of econometric and descriptive
analyses enabled the testing of hypotheses and facilitated a discussion on whether these hypotheses
find support in the obtained results.

Hypothesis 1: Consumers perceive differently the digestibility of peppers.

Despite the excellent nutritional profile of peppers [34,35], many individuals commonly find this
vegetable challenging to digest, and the reasons for this difficulty are not yet fully understood. The
descriptive analysis (Section 2.1) indicated that, in this sample, 39% of individuals reported poor
perceived digestion of sweet peppers, indicating the likelihood of experiencing digestive problems
after consumption. Indeed, the digestibility of peppers may hinge on various individual factors and the
specific variety of bell pepper consumed. Bell peppers, along with other vegetables like tomatoes,
potatoes and eggplant, contain toxic GAs (steroid alkaloids), including a-solanine, which can induce
gastrointestinal upset and other discomforting symptoms, ranging from mild to severe [33].
Furthermore, the peel of peppers contains a high amount of fiber, which can lead to gas production
and complicate the digestion process [30,31]. Apart from individual factors arising from the diversity
of gastrointestinal function among individuals, it is crucial to recognize that the variety of bell pepper
consumed can significantly influence digestion. For instance, studies have demonstrated that the PDO
bell pepper "Cornetto di Montecorvo," a widely cultivated ecotype in central Italy, possesses a thin
peel that is rich in nutraceuticals and is highly digestible, making it suitable for various culinary
preparations [25,26]. Therefore, it can be suggested that the data supports Hypothesis 1, although
further investigations are warranted. Indeed, econometric analysis provides a partial understanding of
the psychological aspects influencing digestibility, while medical factors can be assessed in different
research fields.

Hypothesis 2: Taste-related and visual appearance sensory attributes influence consumers'
perception of digestibility.

Among the attributes related to the sensory aspects of peppers, specifically taste and visual
appearance, the variables that exhibited significant results regarding the perception of good
digestibility in the econometric model were the importance assigned to the thickness of the peel during
the purchase phase and the preference for red peppers. Notably, the importance attached to the
thickness of the peel negatively influenced the perception of good digestion. This aligns with the
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understanding that pepper peel can potentially cause digestive issues and a thinner peel has been
associated with higher digestibility [25,26,30,31]. Concerning the color of sweet peppers, the
econometric model revealed that higher levels of preference for the red color, particularly in interaction
with elevated levels of education, had a positive effect on perceived digestibility. Color holds
significance in influencing consumer expectations of fruits and vegetables, as it is intertwined with
taste, maturity and nutritional content [40]. In the case of peppers, color is linked to nutritional
properties, where red peppers contain carotenoids and flavanols absent in green peppers, imparting
antioxidant activity [28,42]. Additionally, the vitamin C content in red peppers is greater and also
exhibits higher bio-accessibility values [80], positively impacting the gut microbiome and restoring
gut-liver functions [81,82]. Furthermore, this vitamin can stimulate the secretion of gastric juices,
indirectly contributing to the digestion of food [28]. Therefore, it is plausible to assume that consumers
with higher levels of education are cognizant of these characteristics, forming an association between
the nutritional content of red peppers and improved digestibility, thus supporting Hypothesis 2.

Hypothesis 3: Preparation methods of peppers influence consumers’ perceptions of digestibility.

Different cooking methods can alter the sensory characteristics and nutritional content of
vegetables [83]. Peppers offer versatile consumption options, and this study explored whether raw,
baked or sautéed peppers could impact the consumer's perceived digestibility. Previous research has
examined the effect of various cooking methods on the quantity and accessibility of antioxidants in
peppers, revealing that heat treatments positively affect the bio-accessibility of polyphenols [38].
However, extended boiling can result in a greater loss of antioxidant activity, with microwave cooking
and stir-frying proving to better retain bioactive compounds in peppers [84].

According to our findings, it appears that both raw and sautéed peppers positively influence
perceived digestibility, with raw peppers having a more pronounced effect. This aligns with some
previous studies, suggesting that raw peppers may indeed be more easily digestible than cooked ones.
The susceptibility of cells in raw vegetable tissues to break down during digestion, potentially
enhancing the release of carotenoids, has been proposed as a contributing factor [37]. Additionally,
raw peppers contain more enzymes compared to their cooked counterparts, which can further aid in
the digestion process [38]. While no study has directly investigated how cooking methods influence
the perception of digestibility, the considerations mentioned above support Hypothesis 3.

Hypothesis 4: Sociodemographic characteristics have an impact on different perceived
digestibility by consumers.

In this study, all socio-demographic variables incorporated into the econometric model exhibited
an impact on the perception of digestibility; age and level of education had a positive effect, while
gender had a negative effect. Previous research has indicated that various chronic conditions, including
digestive problems, may be linked to dietary choices and sociodemographic characteristics. For
instance, women and the elderly tend to be more susceptible to these conditions, with their prevalence
also increasing among younger individuals [85]. Another study exploring sociodemographic
characteristics in relation to perceptions of self-perceived gastrointestinal health found that individuals
aged 2040 tended to have worse perceptions [86]. Similarly, findings from another study suggested
that gastrointestinal symptoms were associated with poor perceived health, with women more likely
to report a worse perceived health status than men. Additionally, individuals with higher levels of
education were more inclined to report a better perceived health status [87]. These outcomes align with
our study, wherein gender is negatively correlated with perceived digestibility, while age and education
exhibit a positive correlation. Assuming that the perception of digestibility may be linked to consumers’
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overall and/or gastrointestinal health perceptions, these results provide support for Hypothesis 4.

Hypothesis 5: Sustainable pepper production methods can influence overall consumer perception
of digestibility.

Concerning intrinsic sensory characteristics, the model also integrated extrinsic factors associated
with sustainable production processes. Variables pertaining to the significance of environmental
considerations, place of production and integrated production certification were collectively defined
as the "sustainability index of the production process." Regrettably, these variables did not demonstrate
significant effects on the perception of digestibility. This outcome is unsurprising, given that, for the
selection of fruits and vegetables, extrinsic attributes typically play a subordinate role to intrinsic
characteristics tied to taste or health-related aspects [20,88]. Although low pesticide usage is deemed
important to consumers [89], recent studies underscore the increasing emphasis on health
considerations when purchasing organically certified products [62,89]. Moreover, literature
emphasizes the significance of enhancing consumer health and advocating sustainability, both
environmentally and socially. Consumers perceiving greater health and sustainability benefits tend to
exhibit more positive attitudes toward purchasing behavior [90]. Nevertheless, the findings from this
study do not provide grounds to suggest a relationship between sustainability attributes and perceived
digestibility as part of a healthful perception. Consequently, Hypothesis 5 cannot be supported by the
results.

6. Conclusions

This study aimed to assess the primary determinants influencing consumers’ perception of food
digestibility. The results affirm nearly all the hypotheses formulated at the research's outset. It was
observed that consumers perceive sweet pepper digestibility differently. Concerning sensory attributes,
taste-related factors and visual appearance, particularly color, strongly impact consumers' perceptions
of digestibility. Notably, red peppers are perceived as the easiest to digest, while the thickness of the
peel is negatively correlated with digestibility.

Regarding culinary methods, the study highlights the significance of raw and sautéed peppers in
positively influencing perceived digestibility, as consumers associate these preparation methods with
easier digestibility. Additionally, sociodemographic characteristics play a highly relevant role, with
age, gender and education significantly influencing consumers' perceived digestibility. However, in
terms of the sustainability of the production method, the overall consumer perception of digestibility
does not appear to be influenced by a more sustainable growing approach for bell peppers.

6.1. Implications

This paper introduces novel contributions to the existing literature, as, to the authors' knowledge,
no prior study has addressed consumers' perception of food digestibility. The adoption of an
econometric approach enhances our understanding of the relationships among various factors and the
perception of digestibility. Integrating this approach with technological and medical studies could
improve producers' ability to select cultivars appreciated by consumers. Perceived digestibility, when
understood, can prevent consumers from purchasing certain products, potentially hindering market
growth. Moreover, this understanding can aid firms in developing strategies to cater to consumers'
interests, benefiting the secondary sector as well. Restaurants and food markets could prefer specific
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products or preparations, or they could at least be aware of limitations in dishes that may be
unacceptable to consumers. From an academic standpoint, this study marks an initial evaluation,
suggesting that psychological aspects such as perception can be influenced by different food
characteristics, paving the way for future exploration. In the gastronomy sector, this study
demonstrates that the subjective perception of digestibility can impact consumers' choices of certain
food products, influencing the demand for sweet peppers in both home consumption and restaurants
as part of a perceived healthier diet. Furthermore, the preparation or cooking methods of sweet
peppers—e.g., raw, sautéed and baked—and the color—particularly red, followed by yellow peppers—
directly affect consumers' perceptions of digestibility. Understanding these factors can assist food
chain actors in designing diets that align with consumers' culinary interests. Restaurants and catering
services adopting new culinary trends can gain greater awareness of how to enhance the preparation
and acceptability of dishes. In conclusion, the econometric approach employed in this study not only
offers a scientific understanding of the relationship between different factors and consumers' subjective
perceptions of digestibility but also suggests the potential extension of this approach to other food
products, enhancing the ability of all actors in the gastronomy supply chain to select the most popular
food products.

6.2. Limitation and further research

Building upon the aforementioned considerations, the assessment of food perception and
digestibility can be enhanced. Econometric analysis, when coupled with research from various fields,
has the potential to amalgamate social, medical and technological perspectives. It is important to note
that this study does not purport to make a scientific contribution in terms of general information on
digestion. Instead, it generates ideas for further exploration concerning consumers’ perceptions of the
food they consume. The study acknowledges its limitations, emphasizing that the results only present
a subjective perspective of consumers, which may not necessarily align with medical and nutritional
scientific evidence. This inherent subjectivity represents a primary constraint of the paper. Other
limitations include the sampling method, which only partially matches some sociodemographic
characteristics of the general Italian population, such as gender. As a convenience sample, it may not
precisely reflect the sociodemographic composition of the adult Italian population in terms of age,
gender and education level. Another limitation of this study lies in the omission of ethnicity as a factor
in the analysis. Furthermore, this study primarily focuses on intrinsic and extrinsic determinants related
to digestibility perception, overlooking potential variations influenced by diverse ethnic backgrounds.
Ethnicity can play a pivotal role in shaping dietary preferences and perceptions of food attributes.
Future research agenda should consider incorporating ethnicity as a variable, enabling a more nuanced
understanding of how cultural and ethnic differences might influence the perceived digestibility of
specific foods other than sweet peppers. This inclusion could contribute to a more comprehensive
exploration of consumer behaviors and preferences, ensuring a more representative and inclusive
examination of the factors influencing food perception. Moving forward, digestibility perception could
be integrated into other analyses as predictors of food consumption or willingness to pay (WTP) for
specific food attributes. The WTP related to digestibility can be assessed using choice experiments or
experimental auctions, incorporating this variable into econometric estimations. Moreover, employing
multivariate models such as structural equation modeling (SEM) could integrate this aspect into
psychologically validated scales, revealing diverse relationships in consumer behavior. Future research
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endeavors may also explore the association between perceived healthiness and digestibility perception,
offering a comprehensive understanding of consumers’ attitudes towards food.
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