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ARTICLE INFO ABSTRACT

Keywords: Prunus brigantina Vill. is a wild tree species native to a restricted Occitan Alpine area between France and Italy.
Traditional food To the best of our knowledge, a systematic characterization of this fruit is lacking in the literature. Through a
Valorisation

multidisciplinary approach, we aimed: 1. to obtain an ethnobotanical and chemical characterization of the fruit;
2. to study the acceptability and the key sensory attributes characterizing three innovative P. brigantina
gastronomic preparations. Prunus brigantina fruits were found to be still locally used to produce homemade jams.
Wild populations of the tree have become increasingly scarce. The fruit contained 9.5% of total soluble solids, 2.3
g/100 g sugars, and showed acidic pH (3.0). It was rich in pectins (9.09 g/100 g dry matter, 40.7% degree of
esterification) and polyphenols (5219 mg/kg GAE), with high antioxidant activity (90%); Potassium was the
predominant mineral. The oil extracted from kernel (yield: 26.6%) showed high oxidative stability (peroxide
value: 0.49 meq Oz/kg) despite 4.4% free acidity. It was rich in oleic acid (77.8%) and sterols (0.19-0.24 g/100 g
of oil), predominantly p-sitosterol (82.1%). Results of the consumers’ test (n = 94, 57% females) conducted on
three preparations (juice, gummy candy, fruit leather) showed that the slightly sweetened juice was the most
liked, while the candy was the softest and the fruit leather was the sourest, stickiest and most intense in flavour.
P. brigantina seems a valuable fruit for different food formulations. Multidisciplinary approaches contribute to
valorise understudied products and promote plant biodiversity.

Sensory properties
Circular approach
Multidisciplinary approach

1. Introduction prepare homemade in the upper Susa Valley (Western Italian Alps). The

fruit kernels have been used to produce an aromatic oil traditionally

Plums, particularly species within the Prunus genus, have long held
ethnobotanical, cultural, medicinal, and nutritional significance across
diverse regions worldwide. While Prunus domestica and Prunus salicina
dominate global markets, lesser-known species like Prunus brigantina
remain underutilised but ethnobotanically significant. Native to the
Alpine valleys of south-eastern France and north-western Italy,
P. brigantina (also called Briangon apricot, Briancon plum, Marmot plum
or Alpine apricot) has historically been integrated into local traditions.
Previous ethnobotanical studies in the area have shown a traditional
knowledge and use of several Prunus species (Alrhmoun et al., 2025;
Sulaiman et al., 2024). The fruit pulp has been used and is still used to
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applied both in cooking and in folk remedies for medicinal purposes.
One of the few existing studies on Prunus brigantina considering its ge-
netic diversity found that dendrograms and networks placed
P. brigantina closer to the Armeniaca section (apricots) rather than to the
Prunus section (Liu et al., 2021).

Plum as fresh fruit has been extensively studied for its valuable
nutritional properties. In general, Prunus domestica is a thesaurus for
many biological activities, including antioxidant, antimicrobial activity,
and antihaemolytic activity, hepatoprotective, anti-hyperlipidaemic
activity, anti-inflammatory activity and antidiabetic activity (Shukla,
2021). A recent review analysed the antioxidant and anti-inflammatory
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effects of plums (Bahrin et al., 2022). Due to their nutritional properties,
plums (as peel or pulp) are increasingly used as functional ingredient to
produce traditional food revised in innovative ways like Halva Masghati
in Iran (Mohammadi-Moghaddam et al., 2020) or to reformulate
consolidated products, as recently revised in meat products (Jarvis et al.,
2015), showing a great potential in gastronomic transformation.

While the are several studies considering Prunus domestica (Naseer
et al., 2021; Shukla, 2021) and Prunus salicina (Florencia et al., 2018), to
the best of our knowledge, only a few papers are specifically available on
the species P. brigantina (Couplan, 2009; Liu et al., 2021; Noble et al.,
2015). Moreover, most of them have a local distribution and adopt a
classical characterization (either from a botanical or genetical perspec-
tive). Instead, studies adopting a multidisciplinary perspective are
lacking.

This study aims primarily to provide a multidisciplinary character-
ization (ethnobotanical, and chemical) of P. brigantina. Secondarily, we
wanted to explore the technological feasibility of using the pulp from
Prunus brigantina in food formulations.

2. Materials and methods
2.1. Ethnobotanical methods and fruit sampling

The ethnobotanical characterization of the fruit was conducted in the
Piedmont Occitan valleys (North West NW Italy). In October 2023, eight
interviews were conducted with locals in Bardonecchia village, upper
Susa Valley, NW Italian Alps. The study participants were randomly
sampled and approached in village streets, local bakeries and restau-
rants. Some of the study participants were forest guards who are highly
knowledgeable about this species, its exact wild habitat, and its tradi-
tional uses. Verbal consent was always obtained from the study partic-
ipants, strictly following the Code of Ethics of the Society of
Ethnobiology (ISE 2008). In the study, participants were asked about the
locations and the traditional and current uses of wild P. brigantina.
Further questions were made on the locations of the wild habitat of this
species, in addition to the seasonality and its ideal time for harvest. To
reduce plant-to-plant variability and to obtain a representative sampling
of the fruit characteristics, approximately five kilograms of ripe fruits
were collected (Fig. 1) from 50 plants, distributed within a study area of
approximately 20 km? in the upper Susa Valley (Italy). Samples
(approximately 150 g of fruits per plant) were considered as indepen-
dent replicates. Plant identification was performed according to the
reference work of the Italian flora (Guarino et al., 2017). Samples were
pooled to obtain a single homogeneous batch, which was subsequently
vacuum-sealed, frozen, and used for all analyses.

2.2. Chemical characterization of the pulp and of the kernel oil

2.2.1. Pulp composition
The pulp was analysed by an external laboratory (Sinergo Lab, Nizza

Fig. 1. Collected fruits of Prunus brigantina in Bardonecchia village, upper Susa
Valley, October 2023 (Photo credits: N. Sulaiman).
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Monferrato, Asti, Italy) within 48 h of the arrival for the following pa-
rameters. The laboratory was accredited according to UNI CEI EN ISO/
IEC 17,025 and operated under a quality management system compliant
with ISO 9001, adopting official and accredited methods applied in
accordance with established, validated, and formally documented
analytical procedures. All analyses were conducted on the defrosted
fruit, after deseeding it and blending the pulp. The total dry residue by
weight (expressed as percentage) was determined gravimetrically
((Baldini et al., 1996) p. 7; measure uncertainty: +0.24). The total sol-
uble solids (TSS) were quantified using a bench-top refractometer
(Hanna instruments, model HI 96,801) and the refractive index was
expressed as degrees Brix (°Bx) (Internal method — MIP - developed and
validated by Sinergo Soc. Coop. MIP MA-0390; Limit of quantification
(LOQ)of the method: 0.5). The pH was determined using an official
method ((Committee et al., 2014); measure uncertainty: +0.2). Sugars
(g/100 g) were estimated as total sugars, sucrose and reducing sugars
using an amino HPLC column (Luna® Omega 3 pm SUGAR 100 A,
100x4,6 mm, Phenomenex) ((Baldini et al., 1996) p. 66). Total, soluble,
and insoluble dietary fibre (g/100 g) were determined though the
enzymatic-gravimetric official AOAC method (AOAC International,
1995). Total ash content (g/100 g) was determined according to
((Baldini et al., 1996) p. 77). Protein content (g/100 g) was determined
using the Kjeldahl method ((Baldini et al., 1996) p. 17). Readily
assimilable nitrogen was quantified by titration with a base following
the addition of formaldehyde; the method is based on the release of H*
ions from reactive amino groups (formol number) (MIP MA-0062). Total
phenolic content was determined using the Folin—Ciocalteu colorimetric
assay (mg/kg as gallic acid equivalents GAE, MIP MA-0272). Anthocy-
anins were extracted with an ethanol-acid solution and quantified by
spectrophotometry at 540 nm; total anthocyanins content (mg/kg) was
estimated based on absorbance and dilution factor (MIP MA-0065).
Pectins were extracted in hot diluted citric acid and precipitated with
ethanol. Total pectins were titrated with NaOH to determine their
equivalent weight (g/100 g dry matter), while methylated pectins were
quantified after saponification, and the degree of esterification was
calculated accordingly and expressed in percentage (MIP-MA-0618).
Microelements (expressed as mg/kg: K, Ca, Mg, Fe, Zn, Cu, Mn) were
quantified according to the following methods: K ((Baldini et al., 1996)
p- 117), Ca (pag 95), Mg ((Baldini et al., 1996) p. 105), Fe ((Baldini
etal., 1996) p. 101), Zn ((Baldini et al., 1996) p. 132), Cu ((Baldini et al.,
1996) p. 119), Mn (IM = ICP-MS). Finally, the antioxidant activity
(expressed as percentage inhibition compared to a control) was assessed
using the DPPH radical scavenging method (MIP MA-0430; LOQ: 20).

2.2.2. Kernel oil extraction and characterization

2.2.2.1. Materials. The methyl nonadecanoate (98%; C19:0), iso-
propanol and methanol were obtained from Sigma-Aldrich (Milan,
Italy). The standard mixture of fatty acid methyl esters (GLC 463) was
supplied by Nu-Chek (Elysian, MN, USA). The n-hexane and potassium
hydroxide (KOH) were purchased from Carlo Erba (Milan, Italy). The
peroxides and free acidity reagent kits were supplied by CDR S.r.l.
(Florence, Italy). p-Sitosterol (purity >95%; sitosterol), anhydrous pyr-
idine (99.8%), and N,O-Bis(trimethylsilyl)trifluoroacetamide with tri-
methylchlorosilane (BSTFA:TMCS; 99:1, v/v) were purchased from
Sigma (St. Louis, MO, USA). Campesterol (purity >9 5%), stigmasterol
(purity >95%), 5a-cholestane-3p-ol (purity >99%), Ab5-avenasterol
(purity >95%), sitostanol (purity >95%), ergosterol (purity >95%),
cholesterol (purity >99%), and campestanol (purity >98%) were pur-
chased by Larodan (Larodan AB - Retzius, SE). Lanosterol (purity
>93%), lathosterol (purity >99%) and fucosterol (purity >93%) were
obtained from Sigma-Aldrich (Milan, Italy).

2.2.2.2. Lipid extraction and characterization. The kernels were me-
chanically isolated, and the oil extracted according to Folch et al. (1957)
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was determined gravimetrically in triplicate. The free acidity and
peroxide value were determined according to AOCS Official methods Ca
5a-40 and Cd 8-53, respectively (AOCS, 1998). The total fatty acids
composition was determined through transesterification reaction ac-
cording to Cardenia et al. (2018) and the quantification was performed
using the internal standard method and the response factors of each
FAME. The sterols content was determined according to Bonciolini et al.
(2024), the unsaponifiable matter was isolated through cold saponifi-
cation (25 °C, 18 h) and the TMS derivatives were analysed by GC/MS.
The sterols were identified by comparing the mass spectra with those of
pure commercial standards and quantified by calibration curves, built
for each sterol using the internal standard method.

2.3. Food formulations prepared with P. brigantina

Fully ripe fruits of P. brigantina were defrosted at +4 °C for 24 h,
selected, washed, and manually deseeded. The kernels were sealed
under vacuum, deep frozen (—40 °C) and kept at —18 °C until oil
extraction. We used defrost fruits, since the storage in the freezing state
reduced the contents of water, fat, dietary fibre and ash, but did not have
significant impact on the other compounds suggesting that on the
overall, frozen storage is a good way to make them available for fruit
processing and for the consumers, also the off-season (Sikora et al.,
2013). The pulp was obtained by mechanical blending (Robot Cook,
Robot-Coupe S.N.C., Vincennes, France) and subsequently boiled at 100
°C for 10 min under continuous stirring to ensure uniform heat distri-
bution. The resulting boiled pulp was cooled to room temperature and
used as the base ingredient for all formulations.

Three preparations were developed: a gummy candy, a fruit leather
and a juice (Table 1). In preparations, we minimized the use of in-
gredients different from Prunus and maximized the diversity in recipes
for textures and water content and matching consumers’ appeal. The
boiled pulp was used as the reference ingredient, set at 100% for all
formulations. All other ingredients were added in parametric percent-
ages relative to the weight of boiled pulp, as specified in the table below.

Candies were obtained by mixing the boiled pulp with sucrose, agar
(Agar, Special ingredients, Savona, Italy) and gellan gum (Gellan Gum,
Special ingredients, Savona, Italy), previously dispersed in 50 mL of
warm water (70 °C). The mixture was heated to 90 °C in a thermomix
(Robot Cook, Robot-Coupe S.N.C., Vincennes, France) for 15 min at 500
rpm, poured into silicone molds, and allowed to cool and set at 4 °C for
12 h. For the fruit leather, boiled pulp was spread evenly on trays of a
thickness of about 1 to 2 mm with silicone sheets and dehydrated at 45
°C for 24 h using a hot-air dryer (Atacama Pro, Facem S.p.A, Turin,
Italy), until was dry and flexible. For the juice, boiled pulp, water and
sucrose were mixed. The mixture was homogenized using a thermomix
(Robot Cook, Robot-Coupe S.N.C., Vincennes, France) for 5 min at 2500
rpm and then pasteurized at 85 °C for 5 min in vacuum-packed plastic
bags of 500 g of compound each in a blast chiller —40 °C/+85 °C (Vision
F Blast Chiller, Coldline, Torreglia, Italy). All samples were stored at 4 °C
in airtight containers until further analysis.

Table 1

Recipes for the three gastronomic preparations.
Ingredients (%) Candy Leather Juice
Boiled Prunus pulp 100 100 100
Water 300
Sucrose 50
Agar 1
Gellan gum 1

Note: ingredients expressed as parametric percentages, calculated relative to
100% boiled Prunus pulp, which is considered the base ingredient of the
formulation.

Applied Food Research 6 (2026) 102074

2.4. Sensory evaluation

The sensory evaluation of the three developed gastronomic prepa-
rations included a focus group with 10 people, to elicit sensory de-
scriptors useful to describe the three preparations, and a sensory test
with 94 participants (57% females, 39% males, 2% I prefer not to
disclose, 1% others; age range 20-67 years old, mean age: 27), both
conducted under white light at the Sensory, Behavior and Cognition
Laboratory of the University of Gastronomic Sciences (Pollenzo, Italy).
The whole study was approved by the Ethical Committee of the Uni-
versity of Gastronomic Sciences (Ethics Committee Proceeding n.
UNISG270225) and conducted in accordance with the Declaration of
Helsinki. Participants signed a consent form before beginning the sen-
sory evaluation.

The sensory test included the collection of socio-demographic data,
hedonic response, and a sensory characterization throughout the Rate-
All-That-Apply (RATA) test. Preliminary instructions were provided to
participants to contextualize the sensory test: “Prunus brigantina (also
called Briangon apricot or marmot plum) is a traditional wild plum spread
and harvested in the Piedmont Occitan valleys (North West Italy). It is a wild
tree species native to a restricted Occitan Alpine area between France and
Italy. Traditionally, kernels were used to extract oil and in the upper Susa
Valley (Western Italian Alps), while the pulp of the fruits has been used and is
still used to prepare homemade jams. This fruit has been poorly studied yet. In
the current study, we are interested to test the pulp in different gastronomic
preparations.” For each preparation, liking (appearance, flavour, texture
and overall flavour) was expressed on the Labeled Affective Magnitude
scale (Schutz & Cardell, 2001) (0O=the greatest imaginable disliking;
50=neither like nor dislike; 100=the greatest imaginable liking). For the
RATA test, a list of 19 preselected attributes was provided for each
sample (see Table 5). Once that one attribute was selected as appropriate
to describe the sample, an intensity scale appeared to quantify the in-
tensity of the sensation (generalized Labeled Magnitude Scale; 0= not
perceivable, 100=the strongest imaginable) (Bartoshuk et al., 2004).
Moreover, for each of the three preparations, participants were asked to
evaluate the appropriateness of using the Prunus brigantina in the
preparation (How much appropriate/not appropriate do you find the use
of Prunus brigantina for this preparation? l1=not at all appropriate,
7=extremely appropriate) (Cardello et al., 2000) and their availability
to personally use it (How much available/not available would you be in
using Prunus brigantina for a similar preparation? 1=not at all available,
7=extremely available). A 40-second break was inserted between
preparations. Finally, participants provided information related to their
age, gender (males, females, others, I prefer not to declare) and na-
tionality. The sensory test lasted approximately 10-15 min. The data
were collected with the FIZZ Acquisition software, version 3.2.7 (Bio-
systemes, Courtenon, France).

2.5. Data analysis

All data obtained about the lipid composition of kernel oil were re-
ported as means and standard deviation of three independent replicates
(n = 3). Data obtained from the sensory test are expressed as mean
values and standard error of the mean in the text. Separate one-way
Analysis of Variance models (ANOVA) were applied to assess the ef-
fect of the gastronomic preparation (3 levels: candy, fruit leather, juice)
on the hedonic scores (appearance, flavour, texture, overall liking), the
appropriateness of using Prunus brigantina in different preparations,
availability in using it and on the intensity values from RATA. For RATA
data, two matrices were computed: the matrix of total occurrences (the
number of times that an attribute was selected by all assessors;
choice=1, no choice=0 of attributes) and a matrix with the mean in-
tensity values of all sensory attributes. The matrix of total occurrences
combined with the matrix of overall liking data was used to apply the
Penalty Analysis in order to estimate the mean impact of each attribute’s
on (dis)liking of the three preparations. In particular, the mean impact of
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attributes’ choice on liking variation and the percentage of attributes
selection out of the total of products evaluated across all respondents
were computed for the Penalty Analysis. The mean intensity values of
the attributes resulting significant from the ANOVA were used to build a
spider plot. All ANOVA models were followed by Tukey’s significant
difference (HSD) test (p < 0.05) to check for significant differences
between mean values. Statistical analyses for sensory data were con-
ducted with XLSTAT version 3.1 software (Addinsoft, New York, NY,
USA).

3. Results and discussion
3.1. Insights from the ethnobotanical research

In our study, participants reported that they still use the pulp of wild
Prunus brigantina fruits to produce homemade jams. In the past, fruit
kernels were pressed to extract a golden-coloured oil, known locally for
its delicate almond-like aroma, which was traditionally used in various
culinary preparations. However, participants consistently noted that
wild populations of the tree have become increasingly scarce, primarily
due to habitat fragmentation, probable limited natural regeneration,
and a decline in foraging practices. Consequently, the use of P. brigantina
today is sporadic and largely confined to older generations, with limited
intergenerational transmission of knowledge. In addition to these ac-
counts, we observed that broader sociocultural and economic trans-
formations, such as demographic decline and shifts in livelihood
strategies, have significantly impacted the region’s traditional knowl-
edge systems, contributing to the gradual erosion of ethnobotanical
practices associated with P. brigantina.

3.2. Chemical characteristics of the pulp and technological implications

The chemical composition of the pulp is shown in Table 2.

The pH of 3.00 indicates a relatively high acidity, comparable or
even lower to pH values observed in both wild and cultivated
P. domestica and P. salicina, which typically ranges from 2.64 to 4.14,
depending on the cultivar (Bella et al., 2023; Ozzengin et al., 2023).
Similarly to what was found in the present research, a recent study on
four varieties of P. salicina found very acidic pH juice ranging from 1.80
to 2.31 (Micu et al., 2024). The low value of pH of P. brigantina (below

Table 2

Chemical composition of Prunus brigantina pulp.
Parameter Unit Result
pH 3.0
Total dry solid residue % 10.45
Total Soluble Solids °BX at 20 °C 9.5
Total sugars g/100 g 2.30
Sucrose g/100 g 0.05
Reducing sugars g/100 g 2.25
Total dietary fibre g/100 g 1.9
Soluble dietary fibre g/100 g 1.0
Insoluble dietary fibre g/100 g 0.9
Ash g/100 g 0.34
Proteins g/100 g 0.21
Formol number 4.06
Total polyphenols mg/kg gallic acid 5219
Total anthocyanins mg/kg 17.1
Total pectins g/100 g of dry matter 9.09
Methylated pectins g/100 g of dry matter 0.29
Degree of pectins esterification % 40.7
Potassium mg/kg 1211.81
Calcium mg/kg 108.97
Magnesium mg/kg 89.44
Iron mg/kg 9.04
Zinc mg/kg 0.58
Copper mg/kg 1.08
Manganese mg/kg 0.61
Antioxidant capacity % 90
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4.00) makes the fruit pulp suitable as a potential stable matrix in com-
bination with other preservation techniques (Jay et al., 2005). The value
of total soluble solids (TSS %) in four varieties of Prunus domestica (Tuleu
Gras, Record, and Centenar) determined with a digital refractometer
ranged from 15.66% to 20.53% in one study (Ozzengin et al., 2023), but
it was found to be lower (from 5.72% to 10.14%) in another study
conducted in Marocco (Bella et al., 2023). Thus, the observed value of
9.50 °Brix for TSS in P. brigantina was in line with previous findings, but
it covers the lower range, suggesting that fruits may have been harvested
slightly before full ripeness or that it has naturally lower sugar content.
In general, it is known that the carbohydrate content in plum varies
according to plum cultivars and maturity, with sugars concentration
being among the most variable biochemical parameters depending on
climate and other local factors (Minkov et al., 2021). The 2.30 g/100 g of
total sugars in P. brigantina is significantly lower than typical values of
total sugars found in Prunus domestica varieties, ranging approximately
from 13.6 to 15.2 g/100 g (Naseer et al., 2021; Ozzengin et al., 2023).
The sucrose content of 0.05 g/100 g in P. brigantina was negligible.
Overall, even if sugar content is subject to variation due to different
degree of ripeness, the significantly lower sugar content is a relevant
aspect for the development of products with low sugar content and these
results indicate a low sweet profile, potentially aligning with the use of
P. brigantina pulp in processed food or in low-calorie formulations.

The average total dietary fibre found (1.9 g/100 g) was in line with
previous found values ranging from 0.29 g/100 g (Bella et al., 2023) to
2.8g/100 g (Naseer et al., 2021). Dietary fibres are of extreme interest as
they can be used as low-calorie bulking agents, or to replace fats, flours
or starches and sugars (Kumari et al., 2025), suggesting that P. brigantina
could be used as future functional ingredient in baked food products
such as biscuits, cakes and breads or salty/sweet snacks. Concerning the
total phenolic content, the found value of 5219 mg/kg of gallic acid
equivalent (GAE) was in line with a previous average value of 6800 mg
GAE/kg, ranging from 3150 to 9390 mg/kg (Bella et al., 2023). The
content of anthocyanins found here (17.1 mg/kg) was significantly
lower than values found elsewhere (from ~ 972.6 to 2006.0 mg/kg)
(Bella et al., 2023). This markedly lower anthocyanin content, compared
with other Prunus species having a red—purple pigmentation (such as
apricot, cherry, and plum), suggested substantial differences in pigment
biosynthesis, fruit physiology, and evolutionary adaptation. A low an-
thocyanins accumulation was expected since in plums, sugars are closely
associated with anthocyanin accumulation (Lu et al., 2025) and in this
case sugars were low. In Prunus species, anthocyanins contribute to
colour, to antioxidant capacity, and positive effects on human health
(Ramirez-1 et al., 2024). So, from a technological perspective, a lower
anthocyanin level may result in a reduced browning susceptibility upon
processing and so it associates with an increase of thermal and oxidative
stability (since anthocyanins are substrates for oxidative reactions) and
to a positive influence on colour stability (Patras et al., 2010). Thus, this
appears a relevant technological trait making P. brigantina particularly
suited for thermal processing (e.g., juice or puree production).

Plums are generally a poor source of proteins ranging approximately
from 0.7 g/100 g (Naseer et al., 2021) to 1.26 g/100 g (Ozzengin et al.,
2023), but the amount of proteins found in the current study (0.21
g/100 g) is even lower, corresponding to almost a half of the amount
found in other grown plums (Bella et al., 2023). Since P. brigantina is a
wild species (not grown), its low protein levels suggests that the wild
and less domesticated fruit of Prunus species may prioritize the fruit
development towards structural polysaccharides, organic acids, and
phenolics over nitrogen accumulation. From a technological standpoint,
low protein concentrations reduce protein-mediated haze formation and
precipitation phenomena during processing, since proteins readily form
insoluble complexes with polyphenols and pectic substances, negatively
affecting juice clarity, colloidal stability, and mouthfeel (Jakobek, 2015;
Ozdal et al., 2013). So, it seems relevant for colloid stability.

The total pectins was high (9.09 g/100 g dry matter), being char-
acterized by a low degree of esterification below 50% (40.7%). Since
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low methylated pectin has been shown to have excellent properties ad
gelling, stabilizing, emulsifying agent (Kumar et al., 2023), Prunus
brigantina pulp could be effectively used as functional ingredient in
different products to achieve such technological effects. Considering
minerals, potassium was the most represented element, congruently
with what was observed in the study by Bella and colleagues (Bella et al.,
2023). However, that study showed in general higher values of chemical
elements which corresponded respectively to: 2297.7 for K, 189.4 for
Mg, 13.1 for Fe, 11.3 for Zn, 11.1 for Cu, and 5.0 for Mn expressed as
mg/kg.

Indeed, a wide variability in the compositional quality parameters
was previously observed for Prunus species. Importantly, the growing
management practices also greatly contributes to this variability since
they cause a differentiation in the compound accumulation throughout
the ripening phase and significantly influence the nutritional value of
the plum fruit (Rusu et al., 2024).

3.3. Chemical characterization of oil extracted from kernel

The results about lipid characterization from oil kernel (Table 3)
highlight the potential of the kernel of Prunus brigantina species to be
used as a novel source of oil. The kernel exhibited a lipid yield (26.62 +
2.57 g/100 g), which agrees with literature. Gornas et al. (2016) found
oil yields ranging between 17.5 and 37.1 g/100 g in Prunus cerasus L.;
however, others found higher oil yields (46-55 g/100 g) in Turkish
Prunus spp. varieties (Matthius & Ozcan, 2009). This yield supports the
technological feasibility of oil extraction as a complementary processing
stream. The content of oil in the kernel depends on many factors such as
pedoclimatic conditions, moisture, drying process, size of kernel. Prunus

Table 3

Composition of kernel oil in terms of fatty acid methyl esters (mg/g, (% of total
FAMEs)); sterol (g / 100 g of total sterols); peroxide value (meq O/kg oil); free
acidity (% of oleic acid).

Parameters Unit Value

Free acidity g oleic acid /100 g oil 4.4 +0.1

Peroxide value meqOy/kg oil 0.49 + 0.08

Fatty acids mg/g oil (% of total FAMEs)

C16:0 45.01 + 1.31 (4.21)
Cl6:1 5.35 £ 0.09 (0.50)
C17:0 0.17 £+ 0.24 (0.02)
C17:1 1.00 + 0.02 (0.09)
C18:0 13.39 + 0.05 (1.25)
>-C18:1t 0.17 £+ 0.01 (0.02)
C18:1¢9 832.36 + 8.10 (77.80)
C18:1c7 12.19 + 0.60 (1.14)
C18:2 154.15 + 2.04 (14.41)
C20:0 1.99 + 0.06 (0.19)
C20:1 1.43 + 0.27 (0.13)
C18:3n-3 1.66 + 0.10 (0.16)
C22:0 0.46 =+ 0.02 (0.04)
C24:0 0.50 =+ 0.08 (0.05)

> SFA 61.51 + 1.76 (5.74)
> UFA 1008.31 + 11.23 (94.25)
> MUFA 852.50 + 9.10 (79.68)
>~ PUFA 155.81 + 2.14 (14.57)
Sterols g/100 g of total sterols

pB-sitosterol 82.11 + 0.34
Campesterol 6.82 + 0.30
A5-avenasterol 3.72+£0.23
Sitostanol 3.14 + 0.30
Citrostadienol 1.39 £ 0.12
Ergosterol 1.15 £+ 0.16
Cholesterol 0.69 + 0.21
Lanosterol 0.31 +0.13
Stigmasterol 0.22 + 0.05
Campestanol 0.15 + 0.08
p-dihydro-fucosterol 0.14 + 0.04
Lathosterol 0.06 + 0.01

Note: among brakes the value of fatty acids expressed as percentage out of the

total.
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brigantina represents a wild species abundant in the Piedmont region but
no standardized conditions in harvesting and drying are currently
applied. Thus, each of the above-mentioned factors may have an impact
on oil stored in the kernel. The free acidity of the oil was equal to 4.4 +
0.1 g/100 g, which is relatively higher compared to cold pressed vege-
tables oils (typically < 1 — 2 g/100 g) (Codex Alimentarius EU regula-
tion). Elevate free fatty acid levels are generally associated with
hydrolytic degradation of triacylglycerols due to lipase activity during
harvesting, processing or storage. Since kernels were obtained from wild
fruits and no standard procedures were set up for collecting, harvesting
or storing the fruit, the observed acidity was not surprising. However,
the value of free acidity can be tentatively be reduced by controlling
different aspects. For example, by applying cold pressing to extract oil
instead of solvent extraction to isolate lipid matter, as done for unrefined
vegetable oil (Matthaus and Ozcan, 2009). In addition, since the content
of moisture can significantly affect the hydrolysis of lipids, the drying
conditions can significantly impact on the free acidity (Wiltshire et al.,
2022). So, future protocols of extraction could be set up avoiding the
deep-freezing of kernels. Hydroperoxides are the first metastable
oxidation products and are commonly referred to as primary oxidation
products. The peroxide value (PV) of the oil was 0.49 + 0.08 meq O3/
Kg, indicating a low level of primary oxidation products and excellent
oxidative stability.

Considering the fatty acid composition of the kernel oil from Prunus
brigantina, a total of 14 fatty acids were identified (Table 3). The major
components were oleic acid (C18:1 ¢9) and linoleic acid (C18:2), ac-
counting for 77.80% and 14.41% of the total fatty acids, respectively.
The proportions of oleic and linoleic acids observed in this study differ
from those reported by Xu et al. (2023) and Erdogan-Orhan & Kartal
(2011), who analysed green plum kernel oil and P. armeniaca, respec-
tively. Conversely, our findings are consistent with the data reported by
Matthius & Ozcan (2009), which also highlighted the predominance of
oleic acid in certain Prunus species. It is well documented that the fatty
acid profile (including the oleic/linoleic acid ratio) of kernels may vary
significantly among cultivars, due to environmental factors such as
geographic location, temperature, irrigation practices, and the maturity
stage at harvest (Beltran, del Rio, Sanchez & Martinez, 2004). From a
technological standpoint, oleic acid confers much greater oxidative
stability to the oil, being approximately ten times more resistant to
oxidation than linoleic acid. Therefore, a higher oleic/linoleic acid ratio
not only improves the shelf life and suitability of the oil for industrial
applications but is also associated with favourable nutritional proper-
ties. The Prunus brigantina kernel oil was mainly composed of UFAs
(>94% of total fatty acids) where the MUFAs accounted for about 79%
of total fatty acids, confirming the interesting profile which guarantees a
great oxidation resistance. Concerning the general effect of the fatty
acids composition on human nutrition, we considered the two mostly
used nutritional indices: the atherogenicity index (Al = ratio of lauric,
myristic, and palmitic acids -considered pro-atherogenic- to unsaturated
fatty acids UFA) and thrombogenicity index (TI= ratio (C12:0, C14:0,
C16:0)/(MUFAs, PUFAs n-3 and n-6)) (Ulbricht & Southgate, 1991);
(Chen & Liu, 2020; Khalili Tilami & Kourimska, 2022). In the present
study, Prunus brigantina kernel oil showed an Al value of 0.09, compa-
rable to that of walnut oil (0.10) and rapeseed oil (0.11), and lower than
that of olive oil (0.16) (Khalili Tilami & Kourimska, 2022).

In the present study, the analysed oil exhibited a TI of 0.45, which is
higher than traditional nut oils such as almond (0.19), walnut (0.35),
and peanut (0.35), as well as common edible oils like olive oil (0.39),
sunflower oil (0.18), and soybean oil (0.21). However, its TI is more
comparable to that of tropical fats and oils, including argan oil (0.45)
and avocado oil (0.41) (Khalili Tilami & Kourimska, 2022).

Phytosterols are naturally present in plant-derived foods (particu-
larly in seeds, cereals, legumes, and fruits) showing several beneficial
effects, primarily due to their cholesterol-lowering activity, but also to
their potential roles in cancer prevention, cardiovascular disease risk
reduction, regulation of membrane fluidity, and associated metabolic
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processes (Danesi, Gomez-Caravaca, de Biase, Verardo & Bordoni, 2016;
Kangsamaksin et al., 2017). In the kernel oil, the total content of sterols
was considerable ranging from 0.19 to 0.24 g/100 g of oil in agreement
with Stryjecka et al. (2022) and Gornas et al. (2016). However, it might
be highlighted that the composition of sterol is strictly related to the
abiotic factors, such as weather and climate (Wiltshire et al., 2022). In
the Prunus brigantina kernel oil eleven phytosterols were identified. As
expected, the most abundant was p-sitosterol (82.11 + 0.34 g/100 g
sterols), followed by campesterol (6.82 £+ 0.30 g/100 g sterols) and
A5-avenasterol (3.72 + 0.23 g/100 g sterols) and sitostanol (3.14 +
0.30 g/100 g sterols). These results are in line with the main phytosterol
composition of wild olive oil reported by Pavlidis et al. (2024) and
suggested that, from a processing perspective, sterols may contribute not
only to nutritional value but also to oxidative stability through in-
teractions within the unsaponifiable fraction. Again, Aqil et al. (2020) in
four varieties of Prunus avium (Burlat, Napoleon, Coeur de pigeon, Van)
kernel oils found similar results. Moreover, it might be pointed out that
in addition to phytosterols, cholesterol was also detected, even if the
amount was lower than that reported by Stryjecka et al. (2022) in eight
Prunus cerasus L. grown in Poland.

3.4. Sensory properties and acceptability of gastronomic preparations
from Prunus brigantina

The three gastronomic preparations significantly (p < 0.05) differed
in the hedonic mean values of all sensory modalities (appearance,
flavour, texture and overall liking) (Table 4). The juice obtained the
highest liking for all sensory modalities (like slightly) compared to the
others. Candy and fruit leather did not differ in liking for any sensory
modalities showing low appreciation, apart from appearance which was
slightly liked.

Prunus brigantina resulted differently suited for the type of prepara-
tions considered and participants declared a different availability in
using Prunus brigantina as ingredient considering the three preparations
(Table 4). Only the juice was considered acceptable (score above 4, the
midpoint of the scale), with no significant difference between candy and
leather. A similar trend was observed for willingness to use.

Based on the Cochran's Q test and on the ANOVA, the three gastro-
nomic preparations significantly (p < 0.05) differed more considering
the mean intensities of selected attributes than in the number of attri-
butes selected (Table 5). Cochran's Q test indicates differences for the
brown colour, for some flavour attributes (honey, fresh plum, green
apple), for sweet taste, and as expected for all textural attributes. In
terms of attributes choices, candy was as associated to soft, while fruit
leather to attributes of sticky and chewy. The juice was associated to a
high viscosity, a less brown colour, and to a higher presence of particles
in mouth.

Considering the intensities, the three gastronomic preparations
significantly (p < 0.05) differed for most sensory attributes, except for
two visual attributes (A-not homogeneous, A-shiny), for Jam/cooked
plum flavour, F-Green apple and for the astringency (Table 5), sug-
gesting that the gastronomic transformation did not strongly affect the
appearance attributes nor the mouthfeel attributes. The juice resulted
the sweetest, the most intense for the fresh plum flavour and the least
‘artificial’, suggesting to be associate to a more natural flavour.
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The fruit leather preparation was associated to the highest intensities
of sensory attributes in general and especially to the highest intensities
for sour sensations (sour taste and citrusy/lemonade flavour). Leather
was also the chewiest and stickiest one. Instead, the candy was the
significantly softest. Both candy and the juice resulted significantly more
viscous than the fruit leather. The fact that leather had the significant
highest overall flavour intensity was in line with the fact that dehy-
dration concentrates all compounds including acids as well as total
polyphenols and antioxidant activity, as previously observed in fruit
(grape) (Panceri et al., 2013).

From the Penalty analysis, the positive drivers of liking across
preparations were the sweet taste and four flavour attributes (honey,
green apple and fresh plum), while negative drivers resulted being the
brown appearance, and a sticky and chewy texture (Fig. 2A), as Fig. 2A
depicts the mean impact in absolute value (drop) of attributes’ selection
on the liking score values. Considering the percentage of attribute
choices, sourness, flavour of citrusy/lemonade and overall flavour in-
tensity positively impacted the liking and were selected by >60% of the
participants (Fig. 2B). In fact, Fig. 2B depicts the relationship between
the mean impact of attributes’ choice on liking drop vs the percentage of
attributes selection out of the total of products evaluated across all re-
spondents: the highest the positioning of one attribute bottom right the
highest the percentage of respondents that selected that attribute with a
positive effect on liking. This was in agreement with literature, since the
sweet taste is generally considered a desirable taste among consumers
(Methven et al., 2016). Moreover, we also expected t that sticky and
chewy were negative attributes since sticky foods are more difficult to
process and can therefore be considered aversive (Chow et al., 2024).
Moreover, the negative effect of the brown colour on liking was in line
with an extended literature showing that dark brown is often disliked
over other type of colours (for a review see, Fenko et al., 2009).

4. Conclusion

This study provides the first multidisciplinary characterization of
Prunus brigantina, shifting its role from a neglected wild plant to a
technologically viable raw material. Ethnobotanical evidence showed a
decrease in wild populations of the Prunus brigantina trees, and conse-
quently a decline in foraging practices related to this fruit. Such decline
in foraging practices should be contrasted by involving younger and
older local populations in light of the potentiality of the fruit.

The pulp revealed a high acidity, low total dry residue, low sugars
amount, low anthocyanins, low proteins, and relevant amount of pectins
with low degree of esterification. This composition supports the devel-
opment of low sweet products, with potentially good gelling, thickening
and emulsifying properties due to the high amount of pectins with low
degree of methylation and offers favourable technological properties
particularly suitable for thermally processed preparations. The con-
sumption of P. brigantina may have beneficial effects on health due to
poor sugar content and to the high phenol content. Sensory tests showed
that the juice was the most liked preparation and that the high sourness
of the pulp should be balanced in future gastronomic preparations.
Taking together the sensory and the technological performance of the
pulp, future possibly appreciated preparations could be juices and
purees.

Table 4
Hedonic responses and usage appropriateness (mean values + standard errors) of three PB-based gastronomic preparations evaluated by 94 participants.
Category Candy Fruit leather Juice F p value
Hedonic response  Appearance 469 £ 1.7 b 552 + 1.7 a 542 £ 1.7 a 68 <0.05
Flavour 42.6 + 1.8 b 455 + 18 b 616 <+ 1.8 a 315 <0.05
Texture 41.7 + 1.8 b 448 + 1.8 b 603 + 1.8 a 293 <0.05
Overall Liking 40.9 + 1.7 b 43.9 + 1.7 b 61.5 + 1.7 a 44.6 <0.05
Usage response Appropriateness of PB in being used in similar preparations 3.7 + 02 b 39 + 02 b 51 + 02 a 205 <0.05
Availability to use PB in similar gastronomic preparations 3.2 + 02 b 32 + 02 b 5.0 + 02 a 347 <0.05

Note: different letters in rows indicate significantly different mean values from Tukey’s test (p < 0.05).



Table 5
Occurrences and mean intensity value (with error standards) from the Rate-All-That-Apply test.
Occurences Intensities
Attributes candy fruit juice candy fruit juice Cochran's Q test candy  fruit juice F p-
leather leather (p-value) leather value
A-Not homogeneous 29 27 36 0.309 0.287 a 0.383 0.084 6.2 + 1.5 a 7.1 + 15 a 10.5 + 15 a 2.5 0.100
a a
A-Shiny 42 38 33 0.447 0.404 a 0.351 0.250 9.2 + 1.4 a 8.4 + 1.4 a 8.2 + 1.4 a 0.1 0.900
a a
A-Brown 58 54 38 0.617 0.574 b 0.404 <0.05 15.5 + 1.8 a 20.4 + 1.8 a 6.8 + 1.8 b 14.3 <0.05
b a
Overall flavour 60 65 60 0.638 0.691 a 0.638 0.509 17.7 + 2.3 b 32.2 + 2.3 a 21.1 + 2.3 b 10.8 <0.05
intensity a a
F-Honey 19 19 37 0.202 0.202 a 0.394 <0.05 1.6 + 0.8 b 2.1 + 0.8 b 6.8 + 0.8 a 13.1 <0.05
a b
F-Quince 30 22 26 0.319 0.234 a 0.277 0.102 7.4 + 1.4 a 4.2 + 1.4 a 6.8 + 1.4 a 1.5 0.200
a a
F-Fresh plum 42 41 56 0.447 0.436 a 0.596 <0.05 10.7 + 1.7 b 9.8 + 1.7 b 16.6 + 1.7 a 4.6 <0.05
a b
F-Jam/cooked plum 48 43 38 0.511 0.457 a 0.404 0.168 11.8 + 1.6 a 9.1 + 1.6 a 10.5 + 1.6 a 0.7 0.500
a a
F-Citrusy/lemonade 59 62 64 0.628 0.660 a 0.681 0.552 19.6 + 2.4 b 31.1 + 2.4 a 20.4 + 2.4 b 7.2 <0.05
a a
F-Green apple 34 35 46 0.362 0.372 a 0.489 <0.05 8.1 + 1.7 a 11.6 + 1.7 a 11.7 + 1.7 a 1.4 0.200
a a
F-Unripe Fruit 44 47 40 0.468 0.500 a 0.426 0.358 14.1 + 2.2 ab 20.7 + 2.2 a 11.1 + 2.2 b 4.9 <0.05
a a
F-Artificial 20 19 16 0.213 0.202 a 0.170 0.582 5.8 + 1.2 a 5.4 + 1.2 ab 1.7 + 1.2 b 3.4 <0.05
a a
Sour 78 85 79 0.830 0.904 a 0.840 0.057 30.2 + 2.4 b 49.8 + 2.4 a 24.8 + 2.4 b 29.9 <0.05
a a
Sweet 35 33 64 0.372 0.351a 0.681 <0.05 5.2 + 1.2 b 4.9 + 1.2 b 12.7 + 1.2 a 13.5 <0.05
a b
Astringent 50 48 56 0.532 0.511 a 0.596 0.298 11.4 + 1.8 a 15 + 1.8 a 13 + 1.8 a 1.1 0.300
a a
Presence of particles 30 30 49 0.319 0.319a 0.521 <0.05 5.3 + 1.6 b 8.6 + 1.6 ab 11.7 + 1.6 a 4.1 <0.05
in mouth a b
Viscous 36 19 39 0.383 0.202 a 0.415 <0.05 11.7 + 1.6 a 4.4 + 1.6 b 8.3 + 1.6 ab 5.4 <0.05
b b
Soft 56 16 16 0.596 0.170 a 0.170 <0.05 21.5 + 1.7 a 3.4 + 1.7 b 2.9 + 1.7 b 39.4 <0.05
b a
Sticky 22 80 9 0.234 0.851 b 0.096 <0.05 4.5 + 1.8 b 36.4 + 1.8 a 1.2 + 1.8 b 117.5 <0.05
a a
Chewy 46 72 8 0.489 0.766 ¢ 0.085 <0.05 11.3 + 2.0 b 34.3 + 2.0 a 0.3 + 2.0 c 78.3 <0.05
b a

Note: The letters ‘A’ and ‘F-’ identify respectively attributes for appearance and for flavour. Different letters in rows indicate significantly different values (p < 0.05) from Cochran's Q test and different mean values from

Tukey’s test.
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Fig. 2. Mean impact of sensory attributes on liking of three gastronomic preparations: (A) impact of the percentage of choices of all attributes on the mean liking; (B)

significant drivers of liking (blue bars) and disliking (red bars).

Kernel oil exhibited a high content of unsaturated fatty acids pre-
dominantly oleic acid, conferring excellent oxidative stability, despite
the relatively high free acidity, and highlighting its potential as a novel
plant oil with nutritional and technological value. The integration of
multidisciplinary data, from chemical profile to sensory characteriza-
tion, serves as a strategic baseline for the optimization and industrial
scale-up of Prunus brigantina-based formulations.

Funding

This publication is part of the project NODES which has received
funding from the MUR — M4C2 1.5 of PNRR funded by the European
Union - NextGenerationEU (Grant agreement no ECS00000036).

Ethical statement

The work described has been carried out in accordance with The
Code of Ethics of the World Medical Association (Declaration of Hel-
sinki) for experiments involving humans. Participants to ethnobotanical
research gave their verbal permission to join the research and, for the
sensory evaluation participants signed a written informed consent.

Ethical approval was obtained from the Ethics Committee at Uni-
versity of Gastronomic Sciences.

The approval is registered under reference: Ethics Committee Pro-
ceeding n. UNISG270225.

Declaration of generative Al and Al-assisted technologies in the
writing process

No generative Al and Al-assisted technologies were used in the
writing process by any author.

CRediT authorship contribution statement

Maria Piochi: Writing — original draft, Visualization, Project
administration, Methodology, Investigation, Formal analysis, Data
curation, Conceptualization. Naji Sulaiman: Writing — original draft,
Methodology, Investigation, Conceptualization. Andrea Pieroni:
Writing — review & editing, Supervision, Methodology, Investigation,
Conceptualization. Dauro Maria Zocchi: Writing — original draft,
Methodology, Investigation, Conceptualization. Nahuel Buracco:
Writing — original draft, Resources, Methodology, Conceptualization.
Nazarena Cela: Writing — original draft, Methodology, Investigation,

Conceptualization. Chiara Nervo: Investigation, Formal analysis.
Ambra Bonciolini: Writing — original draft, Investigation, Formal
analysis. Vladimiro Cardenia: Writing — original draft, Formal analysis,
Conceptualization. Luisa Torri: Writing — review & editing, Validation,
Supervision, Resources, Project administration, Methodology, Funding
acquisition, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.afres.2026.102074.

Data availability
Data will be made available on request.

References

Alrhmoun, M., Romano, A., Sulaiman, N., & Pieroni, A. (2025). Old plants for new food
products? The diachronic human ecology of wild herbs in the Western Alps. Plants,
14(122), 122. https://doi.org/10.3390/plants14010122

AOAC International. AOAC official method 991.43. Total, soluble, and insoluble dietary
Fiber in foods. Enzymatic-gravimetric method, MES-TRIS buffer. First action 1991;
final action 1994. In: Official methods of analysis. gaithersburg (MD): Aoac int.;
1995. Chapter 32, p. 7-9. AOAC International.

AOCS (American Oil Chemists' Society, US). (1998). Official methods and recommended
practices of the American oil chemists’ society (5th ed.). Champaign, IL: AOCS Press.

Agqil, Y., Ouassor, 1., Belmaghraoui, W., & El Hajjaji, S. (2020). Prunus avium kernel oil
characterization: A comparative study of four varieties from Sefrou. Morocco. OCL,
27(24). https://doi.org/10.1051/0cl/2020019

Bahrin, A. A., Moshawih, S., Singh, J., Mahahamadsa, M., Khan, A., Seng, K., Hing, B.,
Poh, H., Kifli, N., & Chiau, L. (2022). Cancer protective effects of plums: A systematic
review. Biomedicine & Pharmacotherapy, 146, Article 112568. https://doi.org/
10.1016/j.biopha.2021.112568

Baldini, M., Fabietti, F., Giammarioli, S., Onori, R., Orefice, L., & Alimenti, L. (1996).
Metodi di analisi utilizzati per il controllo chimico degli alimenti. Rapporti istisan 96/
34 (pp. 1123-3117).ht tps://doi.org/ISSN.

Bartoshuk, L. M., Duffy, V. B., Green, B. G., Hoffman, H. J., Ko, C. W., Lucchina, L. A.,
Marks, L. E., Snyder, D. J., & Weiffenbach, J. M. (2004). Valid across-group
comparisons with labeled scales: The gLMS versus magnitude matching. Physiology
and Behavior, 82(1), 109-114. https://doi.org/10.1016/j.physbeh.2004.02.033


https://doi.org/10.1016/j.afres.2026.102074
https://doi.org/10.3390/plants14010122
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0003
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0003
https://doi.org/10.1051/ocl/2020019
https://doi.org/10.1016/j.biopha.2021.112568
https://doi.org/10.1016/j.biopha.2021.112568
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0006
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0006
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0006
https://doi.org/10.1016/j.physbeh.2004.02.033

M. Piochi et al.

Bella, Y. A., Bouda, S., Khachtib, Y., & Haddioui, A. (2023). Biochemical composition and
antioxidant activity of Maroccan plum cultivars. Acta Scientiarium Polonorum, 22(2),
85-97. https://doi.org/10.24326/asphc.2023.2214

Beltran, G., del Rio, C., Sanchez, S., & Martinez, L. (2004). Influence of harvest date and
crop yield on the fatty acid composition of Virgin olive oils from cv. Picual. Journal
of Agricultural and Food Chemistry, 52(11), 3434-3440. https://doi.org/10.1021/
jf049894n

Bonciolini, A., Cantele, C., Piochi, M., Di Lecce, G., Risso, D., & Cardenia, V. (2024). New
insights on phytocannabinoids role in antioxidant activity of hemp inflorescences
extract in high-oleic sunflower oil. LWT - Food Science and Technology, 194(January),
Article 115807. https://doi.org/10.1016/j.1wt.2024.115807

Cardello, A. V., Schutz, H., Snow, C., & Lesher, L. (2000). Predictors of food acceptance,
consumption and satisfaction in specific eating situations. Food Quality and
Preference, 11, 201-216.

Cardenia, V., Sgarzi, F., Mandrioli, M., Tribuzio, G., Rodriguez-Estrada, M. T., &
Toschi, T. G. (2018). Durum wheat bran by-products: Oil and phenolic acids to be
valorized by industrial symbiosis. European Journal of Lipid Science and Technology,
120(8), Article 1700209. https://doi.org/10.1002/ejlt.201700209

Chen, J., & Liu, H. (2020). Nutritional indices for assessing fatty acids: A mini-review.
International Journal of Molecular Sciences, 21(16), 5695. https://doi.org/10.3390/
ijms21165695

Chow, C. Y., Skouw, S., Bech, A. C., Olsen, A., Wender, L., Bredie, P., Yue, C., Skouw, S.,
Bech, A. C., & Olsen, A. (2024). A review on children’ s oral texture perception and
preferences in foods. Critical Reviews in Food Science and Nutrition, 64(12),
3861-3879. https://doi.org/10.1080/10408398.2022.2136619

Committee, M.M., Division, M.E., Bureau of Microbial Hazards, F.D., & Health Products
and Food Branch, H.C. (2014). MFHPB-03. Determination of the pH of foods
including foods in hermetically sealed containers. Compendium of Analytical Methods,
2(July), 1-6.

Couplan, F. (2009). Le régal végétal: Plantes sauvages comestibles. Collection
L’encyclopédie des plantes sauvages comestibles et toxiques de 1'Europe. Sang de la
Terre. DL 2009, ISBN 978-2-86985-184-9.

Danesi, F., Gomez-Caravaca, A. M., de Biase, D., Verardo, V., & Bordoni, A. (2016). New
insight into the cholesterol-lowering effect of phytosterols in rat cardiomyocytes.
Food Research International, 89, 1056-1063. https://doi.org/10.1016/j.
foodres.2016.06.028

Erdogan-Orhan, I., & Kartal, M. (2011). Insights into research on phytochemistry and
biological activities of Prunus armeniaca L. (apricot). Food Research International, 44
(5), 1238-1243. https://doi.org/10.1016/j.foodres.2010.11.014

Fenko, A., Schifferstein, H. N. J., Huang, T. C., & Hekkert, P. (2009). What makes
products fresh: The smell or the colour? Food Quality and Preference, 20(5), 372-379.
https://doi.org/10.1016/j.foodqual.2009.02.007

Florencia, M., Anibal, S., Szerman, N., Ramén, S., Maria, A., Noemi, L., Daiana, C., &
Maria, A. (2018). Plum (Prunus salicina) peel and pulp microparticles as natural
antioxidant additives in breast chicken patties. Food Research International, 106
(August 2017), 1086-1094. https://doi.org/10.1016/j.foodres.2017.12.011

Folch, J., Lees, M., & Stanley, G. H. S. (1957). A simple method for the isolation and
purification of total lipides from animal tissues. Journal of Biological Chemistry, 226,
497-509. PMID: 13428781.

Gornas, P., Rudzinska, M., Raczyk, M., MiSina, 1., Soliven, A., & Seglina, D. (2016).
Composition of bioactive compounds in kernel oils recovered from sour cherry
(Prunus cerasus L.) by-products: Impact of the cultivar on potential applications.
Industrial Crops and Products, 82, 44-50. https://doi.org/10.1016/j.
indcrop.2015.12.010

Guarino, R., La Rosa, M., Pignatti, S. (2017). Flora d'Italia (2nd Edition). Bologna,
Edagricole, 2017-2018. ISBN 978-88-506-5243-3.

ISE (International Society of Ethnobiology). Code of Ethics. Website. 2008. Available
online: https://www.ethnobiology.net/wp-content/uploads/ISE-COE_Eng rev_24
Nov08.pdf (accessed on 12 July 2025).

Jakobek, L. (2015). Interactions of polyphenols with carbohydrates, lipids and proteins.
Food Chemistry, 175, 556-567. https://doi.org/10.1016/j.foodchem.2014.12.013

Jarvis, N., Bryan, C. A. O., Ricke, S. C., & Crandall, P. G. (2015). The functionality of
plum ingredients in meat products : A review. Meat Science, 102, 41-48. https://doi.
org/10.1016/j.meatsci.2014.12.002

Jay, J. M., Loessner, M. J., & Golden, D. A. (2005). Food Protection with Chemicals, and
by Biocontrol. In Modern Food Microbiology (Food Scien (pp. 301-350). Springer.
https://doi.org/10.1007/0-387-23413-6_13.

Kangsamaksin, T., Chaithongyot, S., Wootthichairangsan, C., Hanchaina, R.,
Tangshewinsirikul, C., & Svasti, J. (2017). Lupeol and stigmasterol suppress tumor
angiogenesis and inhibit cholangiocarcinoma growth in mice via downregulation of
tumor necrosis factor-a. PLOS One, 12(12), Article e0189628. https://doi.org/
10.1371/journal.pone.0189628

Khalili Tilami, S., & Koufimska, L. (2022). Assessment of the nutritional quality of plant
lipids using atherogenicity and thrombogenicity indices. Nutrients, 14(18), 3795.
https://doi.org/10.3390/nu14183795

Kumar, V., Mohan, J., & Tingirikari, R. (2023). Degree of methylation: A key to the
functional properties of low methylated pectin derived from pectin rich agrowaste.
Food Bioscience, 56(November), Article 103386. https://doi.org/10.1016/j.
fbi0.2023.103386

Applied Food Research 6 (2026) 102074

Kumari, T., Babu, S., Kumar, K., & Baran, A. (2025). Dietary fiber modification: A
comparative study of physical, chemical, biological, combined technologies and
bioactive impact on food applications. Carbohydrate Research, 554(May), Article
109558.

Liu, S., Decroocq, S., Harte, E., Tricon, D., Chague, A., Balakishiyeva, G., Kostritsyna, T.,
Turdiev, T., Saux, M. F., Dallot, S., Giraud, T., & Decroocq, V. (2021). Genetic
diversity and population structure analyses in the Alpine plum (Prunus brigantina
Vill.) confirm its affiliation to the Armeniaca section. Tree Genetics & Genomes, 17(2).
https://doi.org/10.1007/s11295-020-01484-6

Ly, Y., Yang, W., Huang, D., Liang, L., & Xu, C. (2025). Advances in understanding of the
mechanisms regulating anthocyanin accumulation in peach. Scientia Horticulturae,
342(February), Article 114022. https://doi.org/10.1016/j.scienta.2025.114022

Matthius, B., & Ozcan, M. M. (2009). Fatty acids and tocopherol contents of some prunus
spp kernel oils. Journal of Food Lipids, 16(2), 187-199. https://doi.org/10.1111/
j-1745-4522.2009.01140.x

Methven, L., Xiao, C., Cai, M., & Prescott, J. (2016). Rejection thresholds (RjT) of sweet
likers and dislikers. Food Quality and Preference, 52, 74-80. https://doi.org/10.1016/
j.foodqual.2016.03.012

Micu, S. M., Dan, R., Grosu, M. L., & Radu, M. D. (2024). Biochemical characterization of
some plum cultivars available on the Romanian market. Applied Sciences, 14(11311),
Article 11311. https://doi.org/10.3390/app142311311

Minkov, P., Popski, G., & Stefanova, B. (2021). Basic physico-chemical parameters of the
fruits of some plum cultivars, related to their suitability for fresh consumption and
processing. Scientific Papers. Series B, Horticulture, LXV(1), 2021 Print ISSN 2285-
5653, CD-ROM ISSN 2285-5661, Online ISSN 2286-1580, ISSN-L 2285-5653.

Mohammadi-Moghaddam, T., Firoozzare, A., & Kariminejad, M. (2020). Black plum peel
as a useful by-product for the production of new foods: Chemical, textural, and
sensory characteristics of Halva Masghati. International Journal of Food Properties, 23
(1), 2005-2019. https://doi.org/10.1080,/10942912.2020.1835953

Naseer, B., Qadri, T., Fatima, T., & Bhat, T. A. (2021). Plum (Prunus domestica):
Morphology, taxonomy, composition and health. Fruits grown in highland regions of
the himalayas. https://doi.org/10.1007/978-3-030-75502-7. Issue November 2022.

Noble, V., Van Es, J., Michaud, H., & Garraud, L. (2015). Liste rouge de la flore vasculaire
de Provence-Alpes-Cote d’Azur. Provence-Alpes-Cote d’Azur — Version mise en ligne.
Direction régionale de l'environnement, de ’aménagement et du logement & Région
Provence-Alpes-Cote d’Azur.http://www.paca.developpement-durable.gouv.fr/listes
-rouges-regionales-a7296.html http://flore.silene.eu/index.php?cont=accueil&ar
gs=conservatoires.

Ozdal, T., Capanoglu, E., & Altay, F. (2013). A review on protein — phenolic interactions
and associated changes. Food Research International, 51(2), 954-970. https://doi.
org/10.1016/j.foodres.2013.02.009

Ozzengin, B., Zannou, O., & Koca, I. (2023). Quality attributes and antioxidant activity of
three wild plums from Prunus spinosa and Prunus domestica species. Measurement:
Food, 10(August 2021), Article 100079. https://doi.org/10.1016/j.
meaf00.2023.100079

Panceri, C. P., Gomes, T. M., de Gois, J. S., Borges, D. L. G., & Bordignon-Luiz, M. T
(2013). Effect of dehydration process on mineral content, phenolic compounds and
antioxidant activity of Cabernet Sauvignon and Merlot grapes. Food Research
International, 54(2), 1343-1350. https://doi.org/10.1016/j.foodres.2013.10.016

Patras, A., Brunton, N. P., Donnell, C. O., & Tiwari, B. K. (2010). Effect of thermal
processing on anthocyanin stability in foods; mechanisms and kinetics of
degradation. Trends in Food Science & Technology, 21(1), 3-11. https://doi.org/
10.1016/j.tifs.2009.07.004

Pavlidis, D. E., Kafentzi, M.-C., Rekoumi, K., Koliadima, A., Papadelli, M.,
Papadimitriou, K., & Kapolos, J. (2024). Turn to the wild: A comprehensive review
on the chemical composition of wild olive oil. Food Research International, 196,
Article 115038. https://doi.org/10.1016/j.foodres.2024.115038

Ramirez-], C., Garcia-meza, M. G., Ocaranza-s, E., Tapia-l, L., Torre, D., Reyna, M., &
Robles, L. (2024). Patented technologies in the extraction, preservation, and
application of anthocyanins in food: A review. Applied Food Research, 4(December
2023), Article 100388. https://doi.org/10.1016/j.afres.2024.100388

Rusu, M., Cara, 1., Stoica, F., & Denis, T. (2024). Quality parameters of plum orchard
subjected to conventional and ecological management systems in temperate
production area. Horticulturae, 10(907), 907. https://doi.org/10.3390/
horticulturae10090907

Schutz, H. G., & Cardell, A. V. (2001). A labeled affective magnitude (LAM) scale for
assessing food liking/disliking. Journal of Sensory Studies, 16(June 1997), 117-159.
https://doi.org/10.1111/j.1745-459X.2001.tb00293.x

Shukla, R. K. (2021). A review on European plum (Prunus domestica) for its
pharmacological activities and phytochemicals. Research Journal of Pharmacy and
Technology, February, 14, 1155-1162. https://doi.org/10.5958/0974-
360X.2021.00207.9

Sikora, E., Bieniek, M. L., & Borczak, B. (2013). Composition and antioxidant properties
of fresh and frozen stored blackthorn fruits (Prunus Spinosa L.). Acta Sci. Pol. Hortic,
12(4), 365-372.

Stryjecka, M., Michalak, M., Cymerman, J., & Kieltyka-Dadasiewicz, A. (2022).
Comparative assessment of phytochemical compounds and antioxidant properties of
kernel oil from eight sour cherry (Prunus cerasus L.) cultivars. Molecules, 27(3), 696.
https://doi.org/10.3390/molecules27030696


https://doi.org/10.24326/asphc.2023.2214
https://doi.org/10.1021/jf049894n
https://doi.org/10.1021/jf049894n
https://doi.org/10.1016/j.lwt.2024.115807
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0011
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0011
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0011
https://doi.org/10.1002/ejlt.201700209
https://doi.org/10.3390/ijms21165695
https://doi.org/10.3390/ijms21165695
https://doi.org/10.1080/10408398.2022.2136619
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0015
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0015
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0015
https://doi.org/10.1016/j.foodres.2016.06.028
https://doi.org/10.1016/j.foodres.2016.06.028
https://doi.org/10.1016/j.foodres.2010.11.014
https://doi.org/10.1016/j.foodqual.2009.02.007
https://doi.org/10.1016/j.foodres.2017.12.011
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0021
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0021
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0021
https://doi.org/10.1016/j.indcrop.2015.12.010
https://doi.org/10.1016/j.indcrop.2015.12.010
https://www.ethnobiology.net/wp-content/uploads/ISE-COE_Eng_rev_24Nov08.pdf
https://www.ethnobiology.net/wp-content/uploads/ISE-COE_Eng_rev_24Nov08.pdf
https://doi.org/10.1016/j.foodchem.2014.12.013
https://doi.org/10.1016/j.meatsci.2014.12.002
https://doi.org/10.1016/j.meatsci.2014.12.002
https://doi.org/10.1007/0-387-23413-6_13
https://doi.org/10.1371/journal.pone.0189628
https://doi.org/10.1371/journal.pone.0189628
https://doi.org/10.3390/nu14183795
https://doi.org/10.1016/j.fbio.2023.103386
https://doi.org/10.1016/j.fbio.2023.103386
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0030
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0030
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0030
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0030
https://doi.org/10.1007/s11295-020-01484-6
https://doi.org/10.1016/j.scienta.2025.114022
https://doi.org/10.1111/j.1745-4522.2009.01140.x
https://doi.org/10.1111/j.1745-4522.2009.01140.x
https://doi.org/10.1016/j.foodqual.2016.03.012
https://doi.org/10.1016/j.foodqual.2016.03.012
https://doi.org/10.3390/app142311311
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0036
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0036
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0036
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0036
https://doi.org/10.1080/10942912.2020.1835953
https://doi.org/10.1007/978-3-030-75502-7
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0039
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0039
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0039
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0039
http://www.paca.developpement-durable.gouv.fr/listes-rouges-regionales-a7296.html
http://www.paca.developpement-durable.gouv.fr/listes-rouges-regionales-a7296.html
http://flore.silene.eu/index.php?cont=accueil&tnqh_x0026;args=conservatoires
http://flore.silene.eu/index.php?cont=accueil&tnqh_x0026;args=conservatoires
https://doi.org/10.1016/j.foodres.2013.02.009
https://doi.org/10.1016/j.foodres.2013.02.009
https://doi.org/10.1016/j.meafoo.2023.100079
https://doi.org/10.1016/j.meafoo.2023.100079
https://doi.org/10.1016/j.foodres.2013.10.016
https://doi.org/10.1016/j.tifs.2009.07.004
https://doi.org/10.1016/j.tifs.2009.07.004
https://doi.org/10.1016/j.foodres.2024.115038
https://doi.org/10.1016/j.afres.2024.100388
https://doi.org/10.3390/horticulturae10090907
https://doi.org/10.3390/horticulturae10090907
https://doi.org/10.1111/j.1745-459X.2001.tb00293.x
https://doi.org/10.5958/0974-360X.2021.00207.9
https://doi.org/10.5958/0974-360X.2021.00207.9
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0049
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0049
http://refhub.elsevier.com/S2772-5022(26)00414-2/sbref0049
https://doi.org/10.3390/molecules27030696

M. Piochi et al. Applied Food Research 6 (2026) 102074

Sulaiman, N., Zocchi, D. M., Borrello, M. T., Mattalia, G., Antoniazzi, L., Berlinghof, S. E., Wiltshire, F. M. S., de Franca Santos, A., Silva, L. K. B., Carvalho de Almeida, L., dos
Bewick, A., Hafliger, I., Schembs, M., Torri, L., & Pieroni, A. (2024). Traditional Santos Freitas, L., Lima, A. S., ... Soares, C. M. F. (2022). Influence of seasonality on
knowledge evolution over half of a century : Local herbal resources and their the physicochemical properties of Moringa oleifera Lam. Seed oil and their
changes in the upper Susa valley of northwest Italy. Plants, 13(43), 43. https://doi. oleochemical potential. Food Chemistry: Molecular Sciences, 4(August 2021), Article
org/10.3390/plants13010043 100068. https://doi.org/10.1016/j.fochms.2021.100068

Ulbricht, T. L. V., & Southgate, D. A. T. (1991). Coronary heart disease: Seven dietary Xu, L., Wang, S., Tian, A., Liu, T., Benjakul, S., Xiao, G., ... Ma, L. (2023). Characteristic
factors. Lancet (London, England), 338, 985-992. https://d0i.10.1016/0140-6736 volatile compounds, fatty acids and minor bioactive components in oils from green
(91)91846-m. plum seed by HS-GC-IMS, GC-MS and HPLC. Food Chemistry: X, 17, Article 100530.

https://doi.org/10.1016/j.fochx.2022.100530

10


https://doi.org/10.3390/plants13010043
https://doi.org/10.3390/plants13010043
https://doi.10.1016/0140-6736(91)91846-m
https://doi.10.1016/0140-6736(91)91846-m
https://doi.org/10.1016/j.fochms.2021.100068
https://doi.org/10.1016/j.fochx.2022.100530

	An ethnobotanical, chemical and sensorial characterization of Prunus brigantina Vill.: a traditional wild plum of the Piedm ...
	1 Introduction
	2 Materials and methods
	2.1 Ethnobotanical methods and fruit sampling
	2.2 Chemical characterization of the pulp and of the kernel oil
	2.2.1 Pulp composition
	2.2.2 Kernel oil extraction and characterization
	2.2.2.1 Materials
	2.2.2.2 Lipid extraction and characterization


	2.3 Food formulations prepared with P. brigantina
	2.4 Sensory evaluation
	2.5 Data analysis

	3 Results and discussion
	3.1 Insights from the ethnobotanical research
	3.2 Chemical characteristics of the pulp and technological implications
	3.3 Chemical characterization of oil extracted from kernel
	3.4 Sensory properties and acceptability of gastronomic preparations from Prunus brigantina

	4 Conclusion
	Funding
	Ethical statement
	Declaration of generative AI and AI-assisted technologies in the writing process
	CRediT authorship contribution statement
	Declaration of competing interest
	Supplementary materials
	Data availability
	References


