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Two traditional Apulian varieties
of Cucumis melo L. exhibit
superior sensory and digestive
profiles over common cucumber:
a population-based and clinical
study
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Introduction: Cucumis vegetables, including the Apulian unripe melon varieties
‘Barattiere’ (BAR) and ‘Scopatizzo’ (SCO), represent important contributors to
regional food agrobiodiversity.

Methods: We conducted a population-based dietary survey (N = 493), sensory
evaluations, and a clinical trial to compare consumption patterns, tolerability,
and physiological responses of BAR and SCO with the commonly consumed
cucumber (CUC).

Results: Survey data revealed that CUC was the most consumed (98.4%),
followed by BAR (92.7%) and SCO (79.5%). However, CUC intake was most
frequently linked to digestive discomfort (16.3%) and maldigestion (11.5%),
whereas BAR and SCO showed better gastrointestinal tolerance. Sensory testing
identified BAR as the sweetest (p < 0.00001), SCO as the crunchiest (p = 0.002),
and CUC as the most bitter (p < 0.00001). In the clinical trial (15 healthy adults,
randomized crossover design), ingestion of 80 g portions demonstrated that
BAR and SCO elicited stronger rewarding responses in food intake control
(p < 0.02), while appetite and satiety parameters remained comparable across
varieties. Functional ultrasonography and breath hydrogen tests showed mild
and comparable gastrointestinal effects, without significant fermentation or
bothersome symptoms.

Discussion: Our findings demonstrate that BAR and SCO combine greater
sensory appeal with improved digestive tolerance compared to CUC. These
traditional varieties may therefore be promoted as culturally relevant, palatable,
and physiologically favorable alternatives to common cucumbers. Further
research is warranted to assess their broader metabolic and health effects.
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1 Introduction

Promoting sustainable food choices is crucial not only for
environmental preservation but also for improving public health and
achieving global targets, as the United Nations Sustainable
Development Goals (SDGs'), particularly SDG 2 (Zero Hunger) and
SDG 3 (Good Health and Well-being) (1). As dietary patterns play a
pivotal role in the prevention of non-communicable diseases,
understanding how food sustainability, nutritional value, and cultural
relevance can promote food choices is of key importance. Following
the first representation of the traditional Mediterranean dietary model
(2), there has been increasing interest in the contribution of agriculture
and food production to climate change and, in general, to
environmental damage, with a recently revised proposal of the diet
pyramid (3). Valorizing traditional and locally adapted foods aligns
with the broader objective of fostering resilient, health-promoting
food systems that support both individual well-being (4) including
metabolic and gastrointestinal health (5, 6).

Apulia is the Southern Italian region which boasts a remarkable
richness in agrobiodiversity, and is an example of how local varieties
(alias landraces or traditional varieties) of vegetables can successfully
merge with modern horticultural practices (7). Notably, while global
vegetable production largely relies on commercial hybrid varieties,
local cultivars remain essential for preserving biodiversity, enriching
regional cuisines, promoting sustainable farming practices, and
combating malnutrition in meaningful, culturally relevant ways.
Strengthening the connections between local food systems and the
healthcare system could serve as a key strategy to address the dual
challenges of both undernutrition and overnutrition (8).

Among the many vegetables cultivated in Puglia, particular
relevance is attributed to species within the Cucurbitaceae family,
notably those belonging to the genus Cucumis. Within this botanical
genus, vegetables belonging to the species Cucumis melo L. are of great
interest, especially some Apulian local varieties such as ‘Barattiere’
(BAR) and ‘Scopatizzo’ (SCO), whose fruits picked while still
immature, meant to be eaten fresh in salads or plain, serving as a
favorable alternative to cucumber (Cucumis sativus L.) because of
their interesting quality traits and the absence of cucurbitacins.
Indeed, Renna et al. (9) reported that these local varieties of C. melo
exhibit lower levels of sugars and potassium compared to commercial
cultivars of the same species, such as cantaloupe melon types.
Therefore, the consumption of this local variety could be preferred to
the cantaloupe melon when restrictions on high-K or sugar foods are
recommended, such as for people with kidney disease or those with
impaired insulin metabolism. At the same time, literature reports that
the presence of cucurbitacins in the fruits of SCO and BAR has been
detected only in rare cases (10). This aspect is particularly relevant if
we consider that cucurbitacins are known for their bitterness and
toxicity, and their presence in Cucurbitaceae species (such as
C. sativus) is generally considered undesirable.

Moreover, it is important to highlight that these melon fruits are
harvested before the seeds are fully developed and are marketed as
“whole-edible” fruits, meaning that consumers enjoy not just the
mesocarp but also the exocarp and placental portions. Nutritionally,

1 https://sdgs.un.org/goals
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the fact that the entire fruit can be consumed is significant,
particularly because the placenta is rich in polyphenols and
tocopherols, most notably a-tocopherol, which offer several health
benefits (11).

In Apulia, people traditionally prefer to eat BAR and SCO instead
of CUC, based on the popular claim that unripe melons are “easier to
digest” and “better tolerated.” Although consumers often misuse the
terms “digestibility” and “tolerance,” literature lacks comparative data
on the digestibility of cucumbers versus unripe melons.

The gastrointestinal (GI) tract functions are the central interface
between ingested foods and the human body, orchestrating complex
processes of digestion, nutrient absorption, and signaling that are
fundamental to maintaining metabolic health (12). Beyond its
mechanical and enzymatic roles, the gut is a dynamic sensory and
endocrine organ that communicates bidirectionally with the liver and
the brain, influencing food perception, satiety, and overall energy
homeostasis (13). Investigating gastrointestinal motility, digestion
dynamics, and the sensory perception of foods provides critical
insights into how specific food items interact with the body, thereby
shaping eating behavior and nutritional outcomes (14-16).

Such an integrated approach is essential for evaluating the health
potential of novel or traditional foods, optimizing dietary
interventions, and addressing the growing burden of diet-related
disorders, including malnutrition and metabolic disease.

This study aims to investigate the sensory characteristics, digestive
responses, and potential for understanding the nutritional value of
two traditional Apulian Cucumis varieties (i.e., BAR and SCO) in
comparison with the commonly consumed cucumber (CUC). By
integrating a population-based survey with clinical studies, we explore
the consumption patterns, the postcibal gastrointestinal motility and
subjective perceptions, to support the valorization of these heritage
vegetables in both dietary and cultural contexts.

2 Materials and methods

Figure 1 shows the three vegetable varieties included in this study
(Barattiere, Scopatizzo, and cucumber). The protocol included a
population-based study and a specific clinical study (Figure 2).

2.1 Population-based study

2.1.1 Survey

A cross-sectional population-based survey was conducted to
assess demographic, socioeconomic, and sensory preference
characteristics related to the consumption of the three Cucumis fruits,
i.e., BAR, SCO, and CUC. The study targeted a representative sample
of individuals across different age groups, educational backgrounds,
geographic locations, and occupational statuses. The survey was
conducted using an online questionnaire and in-person interviews to
capture a diverse population.

2.1.2 Questionnaire

We used a tailored, anonymous, web-based questionnaire (Google
Form; Supplementary Text 1), originally developed in English and
subsequently translated into Italian, following validation procedures
consistent with our previous research (17, 18).
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Cucurbitaceae family

Cucumis melo L. Cucumis sativus L.

‘Barattiere’ ‘Scopatizzo’

FIGURE 1

Visual comparison of the three Cucumis varieties analyzed in the study. From left to right: ‘Barattiere,” 'Scopatizzo,” and cucumber are shown as whole
and sliced fruits. ‘Barattiere’ and 'Scopatizzo’ are traditional unripe melon landraces from the Apulian region, characterized by distinct morphological
and sensory traits. ‘Barattiere’ typically has a spherical shape with light green flesh, while ‘Scopatizzo’ is more oval with firmer, crisp texture. The
common cucumber, used as a reference, presents a darker green skin and a more watery internal structure. This image illustrates the external and
internal variability among the varieties, which supports their differentiation in terms of sensory perception, nutritional value, and digestive responses.
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FIGURE 2
Study design.
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The structured questionnaire was developed to evaluate consumer
preferences and the perceived digestibility of three types of Cucumis
fruits. This tool was administered as part of a broader clinical study
conducted at the Policlinico of Bari, within the framework of the
ONFoods project (PNRR - Mission 4, Component 2, Investment 1.3 -
Call No. 341 of March 15, 2022, funded by the European
Union - NextGenerationEU).

The questionnaire comprised eight sections, designed to
be completed in approximately 10 min, and collected different
information, as shown in the following scheme (Figure 3).

Sampling was conducted through simple random methods to
ensure representativeness and reduce selection bias. The questionnaire
was disseminated via social media platforms (e.g., WhatsApp, Email,
Facebook) and through face-to-face interviews for individuals without
internet access, thereby supporting the external validity and inclusivity
of the study.

All responses were collected anonymously and processed in
accordance with the General Data Protection Regulation (GDPR, EU
Regulation 2016/679).

2.2 Clinical protocol

2.2.1 Subjects

A total of 15 healthy adult lean subjects were enrolled in the study
(8 females, 7 males, >18 years old, mean age 31.9 + SEM 2.6 years,
BMI range 18.5-24.9kg/m> mean 22.2 +0.6 kg/m*). Subjects
underwent a full medical history and physical exam to rule out
functional or organic diseases. Exclusion criteria included a history of
current or prior gastrointestinal diseases (e.g., inflammatory,
neoplastic diseases, gastrointestinal surgery, irritable bowel syndrome,
functional constipation), pregnancy, recent use of medications that
could alter sensory perception or gastrointestinal motility, and
probiotics, symbiotic, postbiotic or antibiotics intake in the last
3 months.

This was a real-life observational study without specific dietary
restrictions regarding Cucumis vegetable consumption. All
participants were fasting overnight and instructed to avoid
carbohydrate intake after lunch on the previous day. A 3-day dietary
questionnaire (19) was administered before the assessments, and
review of these data confirmed that none of the 15 subjects reported
Scopatizzo or Barattiere consumption during the week prior to
examination, minimizing the likelihood of dietary influence on the
study outcomes. All participants had prior experience in similar
controlled nutrition studies and were trained to comply with the study
protocol. The clinical study was designed as a randomized crossover
trial in which each participant consumed all three Cucumis varieties
(BAR, SCO, and CUC) on separate test days. This within-subject
design increased statistical power by allowing each individual to act
as their own control, thereby reducing inter-individual variability and
amplifying the number of observations obtained from the cohort.

On three randomly selected days and at least 1 week apart, each
subject underwent testing of sensory response, control of food intake,
GI symptoms and GI motility studies after ingesting 80 g of BAR,
SCO, or CUC. The test started at 8 a.m., and all subjects had to
be fasting for at least 12 h before.

Ensuring accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki), the study received
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approval from the Local Ethics Committee (study 1,572/CEL Prot. n
167, approved on 5th March 2024), and all subjects signed the
informed consent.

2.2.2 Vegetables

The BAR and SCO were purchased from Miss Freschezza
company (Monopoli, Apulia, Italy), while CUC (cv. Baby star RZ
F1) were purchased from Lapietra company (Monopoli, Apulia,
Italy). Freshly harvested fruits were refrigerated and then delivered
to the Clinica Medica “A. Murri,” Policlinico Hospital, Bari, Italy.
Before administration, all fruits were washed, blotted dry with
paper towels and cut to obtain edible portions comparable in size.
A part of the samples was used for the proximate analysis, which
was carried out using AOAC methods (20) as follows: ashes were
determined by muffle furnace according to AOAC method 923.03;
proteins content (N x 6.25) was determined by Kjeldahl nitrogen,
according to the AOAC method 955.04; fat content was determined
by Soxhlet extraction, according to the AOAC method 920.39;
dietary fiber content was determined by the enzymatic-gravimetric
procedure, according to the AOAC method 991.43; and total
carbohydrates were calculated by the difference of protein, lipid,
and ash on the dry matter basis. Results of the proximate analysis
are reported in Table 1.

2.2.3 Sensory studies, control of food intake, and
Gl symptoms

This part of the clinical study preceded the motility study and
consisted of the ingestion of the three varieties of Cucumis fruits on
different days. Examinators and most of the enrolled subjects were
experienced, since they had joined previous similar studies on food
perception and gastrointestinal motility, thus achieving a foundational
understanding of sensory evaluation by semiquantitative scales for
sensory perception (16, 19). No additional training or calibration
sessions were conducted.

The visual Analogue Scales (VAS) were used to quantify
different domains of perception according to previous studies of
our group (21). The VAS consisted of a 100 mm horizontal line
ranging from 0, i.e., no perception, to 100, i.e., max perception.
Subjects had to mark the horizontal line at each time point, and
the value in mm was recorded for each subject, scoring each
domain and type of vegetable. Domains of perception consisted
of five categories and specific subcategories, i.e., odor, taste,
and chewing.

The VAS was also employed to quantify both homeostatic and
hedonic (rewarding) aspects of food intake regulation, as well as
GI symptoms. Homeostatic control was assessed using hunger
and satiety ratings, while reward-related responses were evaluated
through wanting, liking, and learning scores. Additionally, GI
symptoms (i.e., nausea, fullness, epigastric pain, and meteorism)
VAS
questionnaires at baseline (before the test meal) and at multiple

were recorded. Each participant completed the
time points over a 2-h period following the consumption of the
test meal. The time-dependent changes in VAS scores were
plotted for each parameter. The area under the VAS curve (AUC)
was calculated to quantify the overall response over time for each
domain. To minimize bias and enhance the reliability of sensory
evaluation, standardized testing conditions were maintained for

all three tested vegetables.
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FIGURE 3

Overview of survey domains and variables assessed in the study. The questionnaire included eight sections: (1) demographics (gender, age, education
level, province and area of residence, economic status, occupation); (2) vegetable consumption (frequency, awareness of fruit and vegetable intake,
adherence to seasonal consumption); (3) cucumber (CUC) consumption and digestibility, including knowledge, habitual purchase, sensory evaluation
(sweetness, juiciness, savoriness, crunchiness, bitterness, aromatic intensity; 5-point Likert scale), and post-consumption digestive symptoms (Likert
scale from "absolutely yes” to "absolutely no,” plus open-ended responses, categorized into maldigestion or occasional discomfort); (4) Barattiere
(BAR) consumption and digestibility, with the same sensory and digestive evaluation framework; (5) Scopatizzo (SCO) consumption and digestibility,
with the same sensory and digestive evaluation framework; (6) medical history (alcohol and tobacco use, food allergies/intolerances, diagnosed
medical conditions, current medications); (7) adherence to the Mediterranean diet, assessed by a Mediterranean adherence score (52); and (8) physical
activity during the previous 7 days, categorized by intensity (moderate vs. vigorous) and setting (work, transportation, leisure) according to IPAQ
guidelines (https://www.physio-pedia.com/images/c/c7/Quidelines_for_interpreting_the_IPAQ.pdf) (53).
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TABLE 1 Nutritional value of 80 g of the three tested cucumber varieties.

Cucumber  'Barattiere’ @ ‘Scopatizzo’
Calories (kcal) 12.8 10.4 8.8
Protein (g) 0.56 0.64 0.56
Lipids (g) 0.14 0.16 0.08
Carbohydrate 1.44 1.6 1.44
(8)
Fiber (g) 0.64 0.24 0.16

Kcal, kilocalories; g, grams.

2.2.4 Motility studies

All enrolled subjects underwent a GI motility study by combined
measurements of gastric, gallbladder emptying, and orocecal transit
time during 2 h following the ingestion of the three Cucumis fruits.

For the stomach and gallbladder kinetics, time-dependent changes of
fasting postprandial antral areas (cm?) and gallbladder volumes (mL)
were measured simultaneously by ultrasound scans using a Sonoscape E2
Ultrasound machine equipped with a convex probe (3.4-5.0 Mhz) to
validated (22-24).
ultrasonography is a non-invasive, reliable technique used to assess gastric

previously techniques Transabdominal
and gallbladder motility. Using a standard ultrasound probe, serial
measurements of the antral cross-sectional area also provide an indicator
of gastric emptying, and sagittal and transversal scans of the gallbladder
indicate gallbladder volume. Antral area and gallbladder volume were
measured in the fasting subjects at baseline (—5 min), after meal ingestion
(0 min), and every 15 min until 120 min. To ensure accuracy, these
measurements were repeated at least 2 times at each time point to confirm
the reliability. Gastric emptying was expressed as time-dependent changes
of absolute (cm?) and percentage (%) antral areas. Further indices
included the Area Under the emptying Curve (AUC, cm? X 120 min) and
the half-emptying time (T ,, min). The T1/2 was calculated from linear
regression analysis of the descending part of the emptying curves and
expressed as “true” or estimated T ,, looking at the intercept between the
regression line and the horizontal line corresponding to the 50% decrease
of antral area.

Gallbladder emptying indices were obtained from gallbladder
volumes expressed as mL and %. The fasting volume was the
gallbladder volume measured following at least 8 h of fasting. The
minimum postprandial volume (mL and %) after meal ingestion was
the residual volume. Additional indices included the AUC
(mL x 120 min), the rate of gallbladder emptying and refilling (mL/
min), the volume of ejected bile (expressed as mL and % of basal), and
the half-emptying time (T,,). The T,, was calculated by linear
regression analysis from the descending part of the emptying curves
and expressed as “true” or “estimated” T}, looking at the intercept
between the regression line and the horizontal line corresponding to
the 50% decrease in gallbladder volume. Gallbladder time to residual
volume was the time required to reach the postprandial
residual volume.

The colonic fermentation capacity and the orocecal transit time
(OCTT) were measured by the H,-breath test following guidelines (16).
In detail, breath samples were systematically collected to monitor changes
associated with lactulose fermentation and H, production. The collection
process began with a baseline sample taken immediately before meal
ingestion. Following the meal, additional breath samples were collected
at regular intervals of 10 min, continuing until 120 min post-ingestion.
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This schedule provided a comprehensive temporal profile of H,
production. To ensure the reliability and reproducibility of the
measurements, each breath sample was analyzed twice. If the results from
the two measurements exhibited significant variability beyond a
pre-defined threshold, a third measurement was conducted. The final
recorded value for each time point was the average of all valid
measurements taken (two or three, depending on the consistency of the
initial pair).

Time-dependent changes of H, in expired breath were studied using
a pre-calibrated, portable hydrogen-sensitive electrochemical device
(EC60Gastrolyzer; Bedfont Scientific, Medford, NJ, United States) (25).
Results were expressed as H2 excretion in parts per million (device’s
accuracy +2 ppm). The OCTT (min) was defined as a rise of 10 ppm
above the baseline on two consecutive measurements. This test was also
considered a measure of the fermentative capacity of the tested meals.
Smoking was not allowed during the tests.

2.3 Statistical analysis

Data were expressed as means with standard error of mean or as
percentages. The normal distribution of data was assessed by Shapiro-
WilKs test. For continuous variables, the analysis of variance was carried
out by ANOVA followed by a multiple comparison test using NCSS 2023
Statistical Software (2023) (NCSS, LLC. Kaysville, Utah, United States).?
For the clinical studies, the sample size of 15 participants meets the
minimum requirement to achieve a statistical power of 0.80 for detecting
a medium effect size (Cohen’s f = 0.25) at an alpha level of 0.05 in a
repeated-measures design, as estimated using R software. Although the
overall number of subjects was modest, each participant underwent
repeated assessments with three different Cucumis vegetables at three
time points. This repeated-measures approach improves sensitivity by
reducing inter-subject variability and increasing the total number of
observations, thereby enhancing the ability to detect meaningful
differences among conditions. A p-value of <0.05 was considered
statistically significant, corresponding to a 95% confidence level.

3 Results
3.1 Population-based study

3.1.1 General characteristics of participants

Complete questionnaires were returned from 493 participants.
The demographic and socioeconomic characteristics of the population
are depicted in Table 2.

There was a higher prevalence of females (63.9%). The age groups
included 24.8% aged 18-35 years, 65.7% aged 36-64 years, and 9.5%
over 64 years. Most participants were from Apulia (88.0%) and were
urban residents (93.5%). Educational levels varied, with 20.5% having
a high school diploma, 9.5% holding an undergraduate degree, 34.1%
possessing a master’s degree, and 33.9% achieving a doctorate or
specialized higher education. Economic status was self-reported as
low (3.7%), mild (6.7%), moderate (48.7%), good (32.9%), or very

2 ncss.com/software/ncss
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TABLE 2 Demographic and socioeconomic characteristics of the study
population (N = 493).

Categories N (%)

Male 178 (36.1)
Female 315 (63.9)
Age group (years)
18-35 122 (24.8)
36-64 324 (65.7)
>64 47 (9.5)
Education level
Primary School 10 (2.0)
High school 101 (20.5)
Bachelor’s degree 47 (9.5)
Master’s degree 168 (34.1)
Doctorate or Specialized Higher Education 167 (33.9)
Geographical distribution
Apulia 434 (88.0)
Piedmont 12 (2.4)
Lazio 11(2.2)
Basilicata 9(1.8)
Other 27 (5.5)
Residential environment
Urban 461 (93.5)
Rural 32 (6.5)
Self-reported economic status
Low 18 (3.7)
Mild 33(6.7)
Moderate 240 (48.7)
Good 162 (32.9)
Very good 40 (8.1)
Occupational status
Public Sector Employee 333 (67.6)
Self-Employed Professional 37(7.5)
Students 48 (9.7)
Retired 22 (4.5)
Unemployed 15 (3.0)
Others
Comorbidities and lifestyle
Type 2 diabetes 16 (3.2)
Dyslipidemia 13 (2.6)
Hypertension 27 (5.5)
Gastrointestinal disorders 19 (3.9)
Alcohol consumers 323 (65.5)
Smokers 90 (18.3)

N, number of subjects.

good (8.1%). Occupational distribution included 67.6% public sector
employees, 7.5% self-employed professionals, 9.7% students, 4.5%
retirees, and 3.0% unemployed individuals. Few subjects reported type
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2 diabetes (3.2%), dyslipidemia, (2.6%), hypertension (5.5%), and GI
disorders (3.9%). Lifestyle data showed that 65.5% consumed alcohol,
and 18.3% were smokers.

3.1.2 Dietary habits

Table 3 depicts the dietary intake patterns among participants.
The majority consumed 100-150 g/day of fruits (39.2%) and
100-250 g/day of vegetables (39.0%). Most participants had 70-140 g/
week of legumes (47.3%) and consumed less than 130 g/day of cereals
(60.5%). Regarding protein sources, 45.2% consumed 100-250 g/week
of fish, while 56.0% consumed more than 120 g/day of meat. Dairy
consumption was high, with 77.5% consuming more than 270 g/day.
Alcohol intake was low, with 92.3% drinking less than one drink per
day (1 drink equaling ~12 g of alcohol and 84 kcal). Olive oil as a
dietary staple was consumed regularly by 91.9% individuals. The mean
Mediterranean Diet (MD) adherence score was 11.0 + 0.1, with 41.6%
classified as high adherence (score 13-18).

3.1.3 Consumption prevalence, digestive
tolerance, and sensory profile of Cucumis fruits

The consumption rates of the 3 vegetables were high among
subjects, with 98.4% of participants consuming CUC, 92.7%
consuming BAR, and 79.5% consuming SCO (p < 0.00001)
(Figure 4A). Reported mild digestive issues (i.e., discomfort, mild
indigestion) and complete maldigestion including symptoms such as
postprandial fullness, abdominal distension, and flatulence were low
but higher (p <0.00001) in CUC consumers (16.3 and 11.5%,
respectively) than in BAR consumers (4.6 and 4.2%) and SCO
consumers (2.6 and 4.1%) (Figures 4B,C).

The results of sensory evaluations are given in Figure 5, revealing
significant differences across the three Cucumis vegetables, except for
freshness and juiciness. Sweetness differed significantly among all
three foods (p < 0.00001), with BAR scoring the highest (3.77 £ 0.05).
Crunchiness was significantly higher in SCO (4.01 + 0.05) than CUC
(3.76 £ 0.05) (p = 0.002). Bitterness was lowest in BAR (1.51 + 0.04)
and highest in CUC (2.20 + 0.05, p < 0.00001). Aromatic intensity was
significantly higher in SCO compared to CUC and BAR (p < 0.00001).

3.2 Clinical study

3.2.1 Food perception and control of food intake

Table 4 depicts the differences in eating behavior, sensory
and GI CUC, BAR, and
SCO. Chewing count (for eating 80 g of each vegetable) differed
significantly (p = 0.02), with SCO having the highest number of
chews (18.0 + 1.7) and CUC the lowest (12.4 £ 1.6). Sensory profile
and GI symptoms did not show significant differences, except for
a higher trend in bitter taste perception (p = 0.06) in CUC and
particle breakdown in BAR (p = 0.06).

Food intake control measures (VAS) showed no significant

perception, symptoms across

differences for homeostatic food intake control (appetite and satiety)
across the three fruits (Figure 6). In detail, Figure 6A shows the time-
dependent change in appetite following consumption of BAR, SCO,
and CUC. Appetite decreased from a baseline (—5 min) of VAS 72-74
to VAS 47-53 immediately after consumption (0 min), then gradually
increased to VAS 66-74 over the following 2 h. Satiety (Figure 6B)
increased from a baseline (—5 min) of VAS 11-16 to VAS 40-50
immediately after eating (0 min), followed by a gradual decline over
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TABLE 3 Dietary intake patterns and adherence to the Mediterranean diet
among participants.

Food categories N (%)

Fruits

<100 g/day 166 (33.6)

100-150 g/day 193 (39.2)

>150 g/day 134 (27.2)
Vegetables

<100 g/day 132 (26.8)

100-250 g/day 192 (39.0)

>250 g/day 169 (34.2)
Legumes

<70 g/week 158 (32.0)

70-140 g/week 233 (47.3)

>140 g/week 102 (20.7)
Cereals

<130 g/day 298 (60.5)

130-200 g/day 155 (31.4)

>200 g/day 40 (8.1)
Fish

<100 g/week 193 (39.2)

100-250 g/week 223 (45.2)

>250 g/week 77 (15.6)
Meat

<80 g/day 67 (13.6)

80-120 g/day 150 (30.4)

>120 g/day 276 (56.0)
Dairy products

<180 g/day 20 (4.0)

180-270 g/day 91 (18.5)

>270 g/day 382 (77.5)
Alcohol

<1 drink/day 493 (92.3)

1-2 drinks/day 38(7.3)

>2 drinks day 2(0.4)
Olive oil

Occasional 1(0.2)

Frequently 39(7.9)

Regularly 451 (91.9)
MD score (0-18) 11.0+0.1
(mean + SEM)

Low (0-6) 24 (4.9)

Moderate (7-12) 264 (53.5)

High (13-18) 205 (41.6)

MD score is expressed as mean+ SEM. g, Grams; MD, Mediterranean diet; N, number of
participants; SEM, standard error of the mean.

the next 2 h to VAS 13-15. While BAR showed a trend toward a higher
satiety response compared to SCO and CUGC, the differences between
the groups were generally comparable.
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The results concerning the rewarding response to food intake are
summarized in Figures 7A-C. Significant differences existed among
groups, with CUC scoring lower in liking (59.0 + 4.3), wanting
(44.5 £ 7.5), and learning (47.0 £ 10.4) compared to BAR and SCO
(p <0.02) (Figure 7A). Results are visually emphasized in the radar
plot, which depicts the triangles constructed by scoring liking,
wanting, and learning (Figure 7B). The areas from each triangle are
noticeably smaller for CUC, highlighting its reduced reward-related
response, compared to BAR and SCO (Figure 7C).

3.2.2 Gastric motility

Table 5 reports gastric motility responses to BAR, SCO, and
CUC. No significant differences were observed across the tested
meals. Basal, maximal, and minimal gastric areas were comparable,
with maximal area ranging from 6.7 + 0.34 cm* (BAR) to 7.0 + 2.6 cm?
(SCO). Half-emptying time (tT,,,) was similar across meals, with CUC
at 36.6 + 4.65 min and SCO at 33.0 + 1.46 min (p = 0.6). Figure 7
shows comparable patterns of both absolute (Figure 8A) and
normalized (Figure 8B) time-dependent changes in the stomach
antrum area, with no significant variation of AUC indicating similar
gastric motility responses among the three test meals.

3.2.3 Gallbladder motility

Table 6 shows the gallbladder motility patterns in response to
CUC, BAR, and SCO. Fasting and residual volumes were similar
across the tested fruits. Overall, the entity of relative gallbladder
contraction averaged 20% with the three vegetables. However,
significant differences were observed in time to residual volume
(p = 0.02), with CUC showing the shortest time (28.5 + 2.7 min)
and SCO the longest (39.0 + 2.5 min). Gallbladder “true” half-
emptying tT,, and “estimated” eT,, differed significantly
(p<0.01), with SCO showing the slowest emptying
(tTy, = 23.7 £ 2.3 min, T}, = 94.9 + 4.3 min). The refilling rate
also varied (p=0.01), with CUC showing the lowest rate
(0.03 £ 0.002 mL/min) and SCO the highest (0.05 + 0.005 mL/
min). These findings indicate minor differences in gallbladder
motility depending on the test meal; however, the time-dependent
changes in gallbladder volume (Figure 9) showed comparable
patterns with no significant difference in AUC.

3.2.4 Fermentation capacity

Overall time-dependent changes in H, concentration (ppm) in
exhaled air remained minimal in response to CUC, BAR, and
SCO. However, BAR and SCO produced slightly but significantly
higher H, production compared to CUC during 120 min. Due to this
low response, transit time (+10 ppm from baseline) could not
be determined (Figure 10).

4 Discussion

The novelty of this study consists of its highly translational
physiological value, in that specific popular foods were extensively
investigated for their consumption patterns, agreeability, and GI
kinetics, to depict a comprehensive profile of foods in a “real-life”
scenario.

Three Cucumis vegetables, which are very popular in the Apulian
way of living, were investigated in population-based and controlled
clinical settings.
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Sensory profiles of CUC, BAR, and SCO expressed as violin graphs of scores vs. Cucumis fruit. (A) Sweetness, (B) juiciness, (C) savoriness,
(D) crunchiness, (E) bitterness, (F) aromatic intensity. Data are expressed as mean + SEM. Statistical analysis was performed using the Kruskal-Wallis
test, followed by a multiple comparisons post hoc test to identify significant differences among the three varieties.

Vegetables belonging to the Cucumis genus, including cucumber
(Cucumis sativus) and various Cucumis melo varieties, represent a
significant component of MD diets due to their high-water content,
low caloric value, and richness in micronutrients and phytochemicals
(26, 27). The results of our study confirm the data reported in the
literature, considering that the caloric intake ranges between 8.8 and
12.8 kcal per serving (Table 1). Moreover, it is well established that
most vegetables consist predominantly of water and contain low
amounts of proteins, fats, and carbohydrates. The three vegetables
examined in our study also show a low fiber content, with values
ranging between 0.16 and 0.64 g per serving. C. sativus is among the
most widely cultivated vegetables worldwide, particularly valued for
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its hydrating properties and potential health benefits (28). In recent
years, consumer interest in sustainable and regionally adapted crops
has attracted attention toward local cultivars, such as Cucumis melo
landraces traditionally consumed in Southern Italy. These local
varieties, including ‘Scopatizzo’ and ‘Barattiere, are botanically
classified as immature fruits of C. melo but are consumed similarly to
cucumbers due to their crisp texture and mild flavor (9). They are
particularly appreciated in Apulia and Basilicata for their refreshing
qualities, lower bitterness, and enhanced digestibility. Nutritional
analyses have shown that these landraces may differ in their
phytochemical profile, including lower levels of cucurbitacins and
higher concentrations of bioactive compounds such as flavonoids and
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TABLE 4 Food intake control, sensory profile, and gastrointestinal symptoms in response to 80 g of CUC, BAR, and SCO.

CUC (N = 15) SCO (N = 15)
Eating time (min) 24+02 21+02 27+02 0.07
Number of chews 12.4 £ 1.6* 13.0+ 1.0 18.0 £ 1.7 0.02
Sensory profile VAS (0-100 mm)
Odor intensity 50.5+7.4 52.0+£8.7 40.0+6.1 0.47
Strong taste 34060 43.0£9.9 27557 0.31
Bitter taste 24.0+92 1.0+ 1.0 20+13 0.06
Sour taste 4022 1.0+1.0 3.0+21 0.52
After taste 35.0+7.8 39.0+9.8 33.0+83 0.81
Particle breakdown 65.5 4.6 80.5+5.9 77.0 +2.0 0.06
Hardness 55.0 5.8 43.0+54 49.0+5.0 0.31
Gl Symptoms
(AUC VAS*120 min)
Fullness 1,056 + 410 461 + 191 493 + 249 0.41
Epigastralgia 0+0 0+0 0£0 -
Nausea 44.8 +44.8 10+ 10 448 +44.8 0.4
Meteorism 218.5+£180.3 180 + 180 89.8£71.0 0.82

Data are expressed as mean + SEM. AUC, area under the curve; GI, gastrointestinal; N, Number of subjects; VAS, visual analog scale. Differences were tested by the Kruskal-Wallis multiple-

comparison Z-value test and Dunn’s test for multiple comparisons. Similar symbols indicate a significant difference.
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FIGURE 6
Time-dependent changes in (A) appetite and (B) satiety after consuming the test meal CUC, BAR, and SCO.

carotenoids, potentially offering improved gastrointestinal tolerance
and health benefits (29). As such, promoting these alternative Cucumis
varieties aligns with biodiversity conservation, cultural heritage, and
consumer demand for locally sourced, functional foods.

In the population-based survey, which included a relatively large
number of individuals, high consumption rates of the studied Cucumis
vegetables were reported. CUC (98.4%) was the most frequently
consumed, followed by BAR (92.7%) and SCO (79.5%). These findings
reflect the widespread use of these vegetables in Apulia and are
consistent with the high adherence to healthy dietary patterns, as
evidenced by moderate-to-high adherence to the Mediterranean Diet
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(MD) in 95.1% of respondents. Dietary intake patterns also aligned
with MD principles, with frequent consumption of vegetables,
legumes, fish, and olive oil. However, 60.5% of participants consumed
less than 130 g/day of cereals, below traditional MD recommendations.
Conversely, dairy consumption was relatively high, with 77.5%
exceeding 270 g/day, reflecting regional dietary preferences. Alcohol
consumption was limited, with 92.3% reporting less than one drink
per day, in accordance with MD guidelines. Importantly, these
percentages refer exclusively to the population-based survey and not
to the smaller clinical study sample, thereby avoiding confusion
between the two datasets.
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TABLE 5 Gastric motility in response to CUC, BAR, and SCO test meals.

Basal area (cm?) 32+0.11 3.3+0.13 32+0.08 0.9
Maximal area (cm?) 6.8 +0.33 6.7 +£0.34 7.0+2.6 0.6
Minimal area (cm?) 34+0.12 3.4+0.13 3.3+0.06 0.9
Minimal area (%) 58+ 1.45 49+1.32 4.6 £0.98 0.9
tT,/, (min) 36.6 +4.65 36.9+2.34 33.0+1.46 0.6
€T, (min) - - - -

AUC (cm? x 120 min) 536.0 £ 26.1 555.4 +23.4 544.3+£9.0 0.8
AUC (% x 120 min) 3,605 + 316.6 4,069 + 316.0 3,970 £ 209.0 0.4

Data are expressed as mean + SEM. AUC, area under curve; €T1/2, estimated half-emptying time; N, Number of subjects; tT1/2, true half-emptying time. Differences tested by Kruskal-Wallis

multiple-comparison Z-value test and Dunn’s test for multiple comparisons.

Several studies have shown that there is a correlation between an
adequate socioeconomic level and higher adherence to the MD (30—
32). This appears to be in line with our data since most participants
have medium to high rates of adherence to the MD, and a medium to
high level of education, as well as adequate socio-economic and
employment status.

While the widespread consumption suggests a strong cultural or
dietary preference, digestive tolerance varied significantly. In our
population study, 16% of participants reported abdominal
discomfort after consuming cucumbers, with 11% experiencing
complete maldigestion, including symptoms like postprandial
fullness, abdominal distension, and bloating due to excessive gas
(flatulence). These findings align with existing scientific literature,
which attributes such reactions primarily to cucurbitacins,
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bitter-tasting compounds naturally present in cucumbers and other
members of the Cucurbitaceae family (33, 34). Cucurbitacins are
triterpenoid compounds that impart bitterness to cucumbers (35).
While typically concentrated in the leaves and stems, environmental
stressors such as drought, high temperatures, and inconsistent
watering can lead to their accumulation in the fruit itself (36). This
increased concentration enhances bitterness and can cause
gastrointestinal symptoms like nausea, stomach cramps, and
diarrhea in sensitive individuals (37-39). A study (40) identified
cucurbitacin C as a key bitter compound in cucumbers, with higher
concentrations found at the stem end of the fruit. The threshold for
detecting bitterness was noted to be less than 0.1 mg/L, indicating
that even small amounts can be perceptible and potentially
problematic for digestion. Thus, the digestive discomfort and
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TABLE 6 Gallbladder motility parameters in response to CUC, BAR, and SCO test meals.

SCO (N = 15)

Fasting volume (mL) 19.2+£0.6 19.2+£0.7 19.3+0.7 0.94
Residual volume (mL) 152 +0.7 15.0 £ 0.6 14.8 £0.4 0.95
Residual volume (%) 79.0 £ 1.7 783+1.7 772+ 1.8 0.86
Time to residual volume (min) 28.5+£2.7% 33.0+2.0 39.0 £ 2.5% 0.02
Ejection volume (mL) 4.0+0.3 4,16 £ 0.4 45+0.5 0.95
Ejection volume (%) 210+ 1.7 217+ 1.7 228+1.8 0.87
Emptying rate (mL/min) —0.13+0.01 —0.13+0.01 —0.11 + 0.007 0.49
Emptying rate (%/min) —0.68 + 0.06 —0.67 £ 0.05 —0.58 + 0.04 0.33
Emptying tT,,, (min) 15.0 = 1.6# 14.0 + 1.0% 23.7 £2.3%% 0.0008
Emptying eT,;, (min) 69.6 + 4.7# 78.9 £5.2% 94.9 + 4.3%# 0.002
Final volume (mL) 18.6 + 0.62 18.6 £ 0.6 18.8 +0.31 0.66
Final volume (%) 96.8 +£0.79 97.0+ 1.1 98.2+23 0.42
Refilling rate (ml/min) 0.03 + 0.002%# 0.04 + 0.005* 0.05 £ 0.005# 0.01
Refilling rate (%/min) 0.16 £ 0.01* 0.22+0.03 0.25 +0.02* 0.02
Refilling tT,,, (min) 58.0 + 4.4 68.3+4.1 64.7 £33 0.32
Refilling €T/, (min) - - - _
AUC (mL x 120 min) 240.7 £18.2 2703 +32.2 242.6 £55.4 0.26
AUC (% x 120 min) 1,261 + 85.6 1,399 + 142 1,204 £ 213 0.19

Data are expressed as mean + SEM. AUC, area under the curve; tT1/2, true half-emptying time; min, minutes. Differences were tested by Kruskal-Wallis multiple-comparison Z-value test and

Dunn’s test for multiple comparisons. Similar symbols indicate a significant difference.

“maldigestion” reported by participants in the population study can
be scientifically attributed to the presence of cucurbitacins in
cucumbers. Factors such as environmental stress during cultivation,
individual genetic sensitivity to bitterness, and underlying digestive
conditions contribute to these adverse reactions. Conversely, SCO
demonstrated the lowest digestive complaints, aligning with its high
sensory ratings in aromatic intensity and savoriness. In fact, sensory
evaluations highlighted significant differences among the three
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fruits. BAR was perceived as the sweetest, while CUC was rated
highest in bitterness. The increased bitterness perceived in CUC
could indicate a higher concentration of cucurbitacin compared to
BAR and SCO varieties. This interpretation aligns with findings
from several studies that have quantified cucurbitacin C (CucC), a
tetracyclic triterpenoid compound responsible for bitterness in
cucumbers. Few studies (40, 41) reported CucC concentrations
depending on the genotype. Bitter cucumber contains more CucC
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than sweet cucumber. However, it is important to note that
quantitative data on cucurbitacin levels in Apulian Cucumis
landraces is currently lacking. Therefore, while sensory observations
suggest higher cucurbitacin content in CUC, further analytical
studies are necessary to confirm this in local varieties.

Crunchiness was most pronounced in SCO, which aligns with its
higher chewing count during the clinical study.

It is clear from several studies that the control of food intake
cannot be understood only through the lens of homeostatic
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mechanisms, simply related to hunger and satiety. Non-homeostatic
factors, such as liking, wanting and learning, play an equally important
role in determining our food choices (42, 43).

Understanding these processes can pave the way to more effective
strategies to promote healthier food choices by making people aware
not only of the biological hunger signals, but also of the psychological
and cultural influences that drive eating behavior (44). These textural
and flavor attributes likely influenced food intake control measures,
where CUC scored lower in liking, wanting, and learning compared
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to BAR and SCO. In our clinical studies, these findings were
reinforced by the observation that BAR and SCO were associated with
higher sensory appeal and better digestive tolerance, ultimately
leading to more favorable reward
compared to CUC.

The differences in sensory perception and hedonic responses may

consumer responses

be relevant in understanding individual food preferences and dietary
choices, which are crucial for nutritional interventions aimed at
improving adherence to healthy eating patterns.

Gastric motility parameters showed no significant differences
across the three test meals, indicating a mild gastric dilatation and
comparable gastric response and emptying rates. The lack of
variation suggests that despite differences in texture and sensory
attributes, these vegetables do not significantly impact gastric
physiological kinetics. However, gallbladder motility exhibited
distinct responses, likely due to activation of gastric afferent vagal
pathways following gastric dilatation. Duodenal cholecystokinin
(CCK) release by duodenal enteroendocrine I-cells in response to
ingested fat and amino acids is unlikely or very limited in this
context due to the poor content of both components in the 80 g of
three Cucumis fruits (22). CUC demonstrated the shortest time to
residual volume (28.5 min), while SCO had the longest (39.0 min).
SCO exhibited the
(tT,;, = 23.7 min, eT,,, = 94.9 min), suggesting a potential impact

Furthermore, slowest emptying rate
on bile, bile acid secretion dynamics, and enterohepatic circulation.
These differences may have implications for lipid digestion,
metabolic responses, and microbiota profile (45, 46), warranting
further investigation into their role in postprandial lipid
metabolism, short-chain fatty acid production by intestinal
microbiota digesting fiber, and satiety regulation (47). This
bitterness perception may also be linked to the activation of bitter
taste receptors (T2Rs), which are not limited to the oral cavity but
are also expressed throughout the gastrointestinal tract (48).
Activation of intestinal T2Rs by bitter compounds has been
associated with the stimulation of gastrointestinal motility and bile
release, suggesting a possible cholecystokinetic effect (49, 50).
Therefore, the observed differences in gallbladder behavior in
response to cucumber consumption may be explained by a higher
activation of bitter receptors due to increased cucurbitacin content.

Importantly, while vegetable-containing cucurbitacins have been
associated with gastrointestinal toxicity at higher concentrations (37,
38, 51), the levels potentially present in the CUC variety tested in this
study might not be sufficient to elicit overt symptoms, but could
contribute to the perception of a “heavier” or more difficult digestion.
This is supported by participant feedback indicating greater digestive
discomfort following CUC intake compared to BAR and SCO.

Further studies analyzing the actual cucurbitacin content of these
varieties could substantiate this hypothesis and clarify whether
bitterness perception correlates with bioactive compound
concentration and digestive response.

The results of this study reveal minimal colonic hydrogen (H,)
production in response to the ingestion of CUC, BAR, and SCO, as
reflected by the low concentrations of H, in exhaled breath samples.
Although BAR and SCO demonstrated relatively higher H, levels
compared to CUC, the overall magnitude of H, production was small
across all conditions. This suggests limited fermentative activity in the
colon following the ingestion of these melon varieties, at least during
2 h postprandially.
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Hydrogen gas in the breath is primarily produced through bacterial
fermentation of undigested carbohydrates that reach the colon. The low
H, response observed here may indicate that the digestible carbohydrate
content in these melons is efficiently absorbed in the small intestine,
resulting in minimal substrate availability for colonic microbiota.
Alternatively, these varieties may possess a carbohydrate profile that is
inherently less fermentable, either due to low fiber content or specific
types of sugars (e.g., sucrose, glucose, and fructose) that are readily
absorbed prior to reaching the colon. The slightly elevated H, levels seen
with BAR and SCO suggest that subtle compositional differences
between melon types may influence colonic fermentation.

These findings are consistent with prior reports indicating that
many fruits, particularly those low in fermentable oligosaccharides,
disaccharides, monosaccharides, and polyols (FODMAPs), elicit
minimal H, production. Further investigation using larger sample
sizes and complementary methods (e.g., stool metabolomics or
in vitro fermentation models) could help clarify the fermentability and
gut transit effects of different Cucumis melo cultivars.

A key strength of this study is its comprehensive approach,
integrating population-based dietary assessments with clinically
controlled physiological evaluations. The inclusion of sensory
analyses, gastrointestinal tolerance, and motility measures provides a
holistic understanding of how Cucumis vegetables influence dietary
behavior and digestion. However, limitations include self-reported
dietary intake and economic status may introduce reporting biases.
Another limitation of the present clinical study is the relatively small
sample size (N = 15). However, the randomized crossover design, with
each participant repeating the test under all three intervention
conditions, strengthened the reliability of the findings by minimizing
inter-individual variability and enhancing statistical power.
Nevertheless, results should be interpreted as preliminary, and further
investigations involving larger and more diverse populations are
warranted to confirm and extend these observations, particularly in
relation to broader metabolic and health outcomes.

This study highlights the strong adherence to the MD in a well-
educated, urban-dwelling population and underscores the high
consumption of Cucumis vegetables. While these vegetables are widely
accepted, differences in sensory perception, digestive tolerance, and
gallbladder motility responses suggest potential implications for
dietary preferences and digestive health. Understanding these factors
can inform nutritional recommendations and dietary modifications
to optimize individual and population health outcomes.

5 Conclusion

This study demonstrates the value of translational clinical approaches
in evaluating how local vegetable varieties influence sensory perception,
digestive physiology, and food intake regulation. By comparing the
traditional Apulian Cucumis vegetables Barattiere and Scopatizzo with the
widely consumed cucumber, we revealed clear differences in consumer
experience. While cucumber consumption was linked to higher bitterness
perception and greater digestive discomfort, both Barattiere and
Scopatizzo were associated with more favorable sensory appeal, improved
digestive tolerance, and stronger positive responses in terms of food
enjoyment and intake control. These findings highlight the importance of
integrating sensory evaluation, gastrointestinal response, and consumer
acceptance in the nutritional assessment of regional agrobiodiversity.
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Evidence of this kind supports the scientific valorization of underutilized
traditional crops, which not only align with consumer preferences but also
contribute to gastrointestinal well-being and healthier, more sustainable
dietary patterns. Future interdisciplinary research is essential to further
clarify the metabolic, health, and behavioral implications of culturally
relevant foods, reinforcing their role in both public health nutrition and
biodiversity preservation.
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