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Abstract

Capuli (Prunus serotina) is a native fruit found in several provinces of Ecuador
whose scientific interest has been associated with its nutraceutical potential and
abundance of bioactive compounds. This article provides a brief review of capuli
and its benefits, highlighting its bioactive properties and potential industrial
applications. Capuli has been identified as a complex food matrix whose chemical
composition exhibits remarkable antioxidant and antimicrobial properties. Active
compounds have been extracted from the pulp, leaves, seeds, and peel using
ethanol (EtOH), and their antioxidant properties have primarily been evaluated
using  2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic ~ acid)  (ABTS*),
2,2-diphenyl-1-picrylhydrazyl (DPPHe), and ferric reducing antioxidant power
(FRAP) assays. Regarding the antimicrobial activity of capuli, only a limited
number of studies have evaluated its antimicrobial activity against Gram-positive
and Gram-negative bacteria. The industrial exploitation of capuli-derived
active compounds such as natural pigments, dietary supplements, antimicrobial
additives, and bioinsecticides has also been insufficiently investigated. The
review revealed a limited number of studies employing the FRAP assay, and
the antioxidant compounds of capuli have not yet been evaluated in real-world
applications. However, challenges associated with extraction optimization, the
stability of active compounds, and toxicological assessment continue to limit its
large-scale industrial utilization and require further scientific investigation.
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Introduction

The increasing global demand for functional foods, natural bioactive
compounds, and sustainable sources of health-promoting ingredients has
intensified scientific interest in underutilized fruits with high nutraceutical
potential, such as capuli. Capuli (P serotina) is a fruit belonging to the Rosaceae
family. It is a natural resource of considerable importance in countries such
as Ecuador, Peru, and Bolivia [1]. In Chimborazo Province, Ecuador, capuli
represents a local resource with significant industrial potential [2]. Capuli can be
transformed into raisins, jams, and juices using different processing technologies
to obtain value-added food products with improved nutritional and quality
attributes [2]. Traditional knowledge has supported the use of capuli in medicinal
treatments for coughs, respiratory disorders, and diarrhea [2]. For instance, its
bark has been used as a tonic to treat influenza, colds, and bronchopulmonary
diseases, while fruit juice combined with the bark has been reported to improve
respiratory conditions [2, 3].

Capuli fruit is characterized by a complex chemical composition that includes
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carbohydrates, dietary fiber, organic acids, vitamins, minerals,
among other constituents [1, 2]. In addition, other plant parts
are rich in antioxidant and antimicrobial compounds. The
main bioactive compounds include anthocyanins, phenolic
compounds, and flavonoids [1, 4].

Several studies have reported high levels of flavonoids and
anthocyanins in capuli, and these compounds are considered
responsible for their strong antioxidant activity [1, 5].
Antioxidant activity has been evaluated using standardized
methods, primarily based on the inhibition of ABTS+¢ and
DPPH- radicals and the FRAP assay [6, 7]. On the other
hand, research has demonstrated the ability of capuli extracts
to inhibit the growth of both Gram-negative and Gram-
positive bacteria [1]. Although only a few studies have been
conducted, the antimicrobial efficacy of capuli has been
attributed to the synergistic action of its bioactive compounds,
which are capable of disrupting microbial cell membranes,
altering enzymatic activity, and interfering with essential

metabolic pathways [8].

Capuli has been scarcely utilized in the food industry for
the development of functional foods. Its fruit is a potential
source of antioxidant compounds that can be incorporated
into beverages, nutraceutical products, natural colorants,
edible coatings, and dietary supplements [9, 10]. This interest
is primarily associated with the reported ability of its bioactive
compounds to strengthen the immune system, reduce the risk
of cardiovascular diseases, and slow the aging process [11,12].
A recent study highlighted the potential industrial application
of capuli seeds, husk, pulp, and oil as sources of antioxidant
compounds for the production of functional foods, natural
preservatives, and nutritional supplements [13]. Another
study evaluated fruits of the Prunus genus as potential sources
of phenolic compounds, flavonoids, and anthocyanins with
antioxidants, anti-inflammatory, and antidiabetic properties.
The study highlighted the use of these metabolites in the
development of functional supplements, natural therapeutic
products, and preventive compounds against chronic diseases
associated with oxidative stress and metabolic syndrome [14].
In addition, extracts from capuli leaves and flowers have been
proposed as ingredients for the cosmetic, pharmaceutical,
and food industries [10]. However, limitations related to
extraction technology optimization, compound stability
during processing and storage, bioavailability, and toxicological
evaluation still remain.

The aim of this review is to comprehensively discuss
the chemical composition of capuli, with emphasis on its
antioxidant and antimicrobial properties. The review analyzes
the most recent research on these topics, with a focus on the
methodologies applied. Additionally, the current and potential
industrial applications of capuli-derived compounds in the
food and pharmaceutical industries are briefly discussed.

Capuli
Characteristics, types, and production

Capuli is a tree belonging to the Rosaceae family, and
its species is P serotina [1]. P serotina is a native species of
Central and South America and is divided into five subspecies

[15, 16]. Capuli is characterized by simple, lanceolate leaves
attached to the branches by short petioles. The flowers are
clustered in small white racemes, and the fruits are drupes that
are initially green and become black or reddish upon ripening.
Furthermore, the fruits contain a single seed surrounded by
the endocarp and are considered a highly nutritious food
source [15-17]. The capuli fruit, also known as black cherry,
is characterized as a globular drupe composed of a thin peel
and green pulp. The fruit diameter ranges from 12 to 20 mm,
and its taste is characterized as sweet to sour [4, 18]. Capuli is
a seasonal fruit that is highly available in Ecuadorian markets
from December to February, and it can be consumed fresh
or processed into products such as wine, jam, and canned

products [18,19].

In Ecuador, capuli is commonly incorporated into various
agroforestry systems. This species has a notable presence
in family gardens and rural plots. Capuli is geographically
distributed across the provinces of Carchi, Imbabura,
Pichincha, Cotopaxi, Tungurahua, Chimborazo, Cafar, and
Azuay. Capuli grows optimally at elevations between 1,800
and 3,500 meters above sea level. At these altitudes, capuli
fulfills two key functions: it serves as a locally important
seasonal fruit and is used as a living boundary for agricultural

land and residential properties [1, 16].
Chemical composition

Capuli contains various metabolites that can be extracted
from its roots, stems, leaves, and fruits, as shown in figure
1. The main metabolites extracted from capuli are phenolic
compounds and tannins, which exhibit high antioxidant
activity [1,17]. In the case of the stem, its bark has been widely
used to prepare teas and syrups with antioxidant properties [1,
17]. Recent studies have reported significant concentrations
of phenolic compounds and procyanidins. These metabolites
are directly involved in scavenging free radicals and mitigating
reactive oxygen species (ROS). Consequently, these
metabolites represent valuable ingredients for the development

of functional foods [1].

Capuli leaves contain bioactive compounds such as
flavonoids, tannins, and polyphenols. These compounds have
been quantitatively determined through spectrophotometric
analyses, and their antioxidant activity has been evaluated
using electrochemical and spectrophotometric assays [20].
Other identified compounds include luteolin-7-O-glucoside,
caffeic acid, and chlorogenic acid [21].

On the other hand, capuli fruit is rich in antioxidant

leaves (flavonoids, tannins
and polyphenols)

seed (Phenolic Compounds)

pulp (anthocya noids and
pher

shell(High-C jon
Anthocyanins, )

Figure 1: Schematic representation of capuli and main active compounds
to be extracted.

Journal of Food Chemistry & Nanotechnology | Volume 12 Issue 2, 2026

50



Capuli and Potential Benefits: A Brief Review Focused on Characteristics and Active Properties

Coronado and Vidal.

compounds such as anthocyanins, flavonoids, and phenolic
acids. These bioactive compounds have primarily been
studied using spectrophotometric methods based on free-
radical inhibition assays [22]. Furthermore, the fruit peel has
also been analyzed, and compounds such as ferulic acid and
other phenolic acids have been identified. These compounds
contribute to fruit coloration, inhibition of microbial growth,
and the protection of foods highly susceptible to lipid oxidation
[1, 17]. A study reported the excellent antioxidant capacity
of capuli peel, pulp, and seed oil, which was associated with
their phenolic content. The authors suggested the use of these
compounds as functional ingredients or natural food additives
to slow lipid oxidation and replace synthetic antioxidants [13].
Other studies have shown that natural antioxidants extracted
from fruits can be incorporated into food-packaging materials
to reduce rancidity and extend the shelf life of foods such as
oils, meats, and minimally processed fruits. Thus, antioxidant
compounds extracted from capuli may potentially be used to
develop active food-packaging materials capable of preventing
oxidative deterioration and maintaining the nutritional and

sensory quality of foods [23, 24].
Active properties

Bioactive compounds are generally molecules or mixtures
of compounds that exhibit notable biological activity.
These compounds can influence nutritional, physiological,
pharmacological, and toxicological processes in living
organisms [25, 26]. Bioactive compounds are generally plant-
derived chemicals, including flavonoids, carotenoids, phenolic
acids, and glucosinolates, among others, that are capable
of triggering specific physiological responses in the human
body [25, 27]. These compounds have been widely used in
the development of functional foods because of their health
benefits and their ability to enhance the nutritional value of
food products [28].

Antioxidant properties

Antioxidants are defined as substances capable of slowing
down or preventing oxidative processes, even when present
at very low concentrations [29]. These molecules are mainly
derived from biological sources, including plants, animals, and
microorganisms [26].

According to their mechanism of action, antioxidants can
be classified into two main groups. The first group comprises
tocopherols, flavonoids, and other phenolic compounds. These
compounds are able to act directly as free-radical scavengers
through the transfer of hydrogen atoms or electrons to free
radicals. This mechanism stabilizes free radicals and effectively
interrupts the chain reaction involved in oxidative processes
[10]. In contrast, the second group consists of compounds
whose primary function is to prevent the formation of free
radicals or accelerate the decomposition of reactive species
[26]. This group includes enzymatic antioxidants such as
superoxide dismutase, catalase, and glutathione peroxidase
[30]. Their main function is to prevent the formation of free
radicals by converting ROS into less harmful molecules before
cellular damage occurs.

Tocopherols, flavonoids, and other phenolic compounds
are among the main antioxidant compounds. Tocopherols are

natural antioxidants capable of preventing lipid oxidation in
food matrices such as vegetable oils and processed fatty products
[31]. Flavonoids belong to a family of phenolic compounds,
and their antioxidant activity is primarily associated with the
neutralization of ROS through several mechanisms, including:
(i) donation of electrons or hydrogen atoms, (ii) stimulation of
antioxidant enzyme activity, and (iii) chelation of transition
metal ions [32]. In addition, gallic, caffeic, ferulic, p-coumaric,
and protocatechuic acids can also be found and contribute to
antioxidant capacity [33].

Capuli exhibits high antioxidant capacity, which is
mainly associated with its flavonoid content. Several studies
have reported values ranging from 400 and 500 mg trolox
equivalents (TE)/g of sample, which are higher than those
reported for grapes, blackberries, and guava [4, 18]. These
values have been determined using different free-radical
inhibition and reduction assays. These methodologies are

described below.
Free-radical Inhibition Methods

Table 1 summarizes studies focused on the evaluation of
the antioxidant capacity of capuli. The pulp, peel, and leaves
have been the most extensively studied plant parts due to their
chemical composition. The methodologies employed have

primarily included ABTS++ and DPPHe* radical inhibition

assays.

The ABTS assay measures the ability of a sample to
neutralize the ABTS+e cation radical generated by the
oxidation of ABTS with potassium persulfate. This oxidation
reaction produces a blue-green solution with a maximum
absorbance at 734 nm. Thus, the antioxidant capacity of a
sample is quantified based on its ability to decolorize this
solution [34]. This method is widely used because it can
measure the antioxidant activity of both hydrophilic and
lipophilic compounds. According to the literature, EtOH has
been widely preferred as an extraction solvent for bioactive
compounds [35, 36]. This preference has been mainly
attributed to its ability to extract a wide range of bioactive

compounds [37].

Another commonly used method for evaluating
antioxidant activity is the DPPH* radical inhibition assay
(Table 1). DPPHe radicals are synthetic nitrogen-containing
compounds characterized by an intense purple color and a
maximum absorbance at 517 nm. This assay is also based on
the decolorization of the DPPH* solution in the presence of
antioxidants and is commonly expressed as the IC_ value,
representing the concentration required to inhibit 50% of
DPPHe radicals. Similar to the ABTS assay, DPPH results
may also be expressed as TE per unit volume or gram of sample.
The DPPH assay is widely used because of its simplicity, low
cost, and applicability to different types of extracts (aqueous
or alcoholic). However, the assay generally exhibits better
performance with organic solvents such as methanol (MeOH)
or EtOH, which may result in more reliable measurements
[35]. As shown in table 1, the experimental conditions
generally included the preparation of a DPPH-* stock solution
(0.1 - 0.5 mM) in 80 - 100% (v/v) EtOH. These solutions
were mixed with extract volumes ranging from 0.005 to 200
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Table 1: Research based on the antioxidant evaluation of capuli.
Part of plant Antioxidant assay Experimental conditions Main findings Ref.
Extract volume: 0.01 mL,
Pulp DPPH Solvent: EtOH 165 mg TE/100 mL [36]
Resting time: 45 min
Extract volume: 0.02 - 200 mL
DPPH Solvent: MetOH 2.1 mg IC, /mL
Resting time: 30 min
Pulp Extract: 0.1 to 0.3 mLL [12]
FRAP Solve.nt: d}stllled water 1.56 mM Fe/100 g
Resting time: 15 min
Temperature: 37 C
Extract volume: 0.05 mL
DPPH Solvent: EtOH Pecl: 568 WM TE/g
.. . Pulp: 562 uyM TE/g
Resting time: 30 min
Peel, pulp, and seed [13]
Extract volume: 0.1 mL Peel: 1528 yM TE/g
ABTS Solvent: EtOH Pulp: 1229 yM TE/g
Resting time: 7 min Seed: 18894 uhM TE/g
Extract volume: 0.005 mL
Pulp DPPH Solvent: EtOH 197 mg TE/100 ml [4]
Extract volume: 0.1 mL
DPPH Solvent: EtOH 5.43 mg TE/g
Resting time: 90 min
L 11
caves Extract: 0.1 mL [11]
ABTS Solvent: EtOH 8.55 mgTE/g
Resting time: 90 min
Extract volume: 0.02 mL,
Pulp FRAP Solvent: FtOH 63.7 M TE/g [5]

mL and incubated for up to 90 min to promote decolorization
of the DPPH* solution. Additionally, some studies have
emphasized the standardization of pH and incubation times,
as well as the measurement of the release kinetics of bioactive
compounds, to avoid underestimating the antioxidant activity

of samples [38].

Table 1 summarizes studies evaluating antioxidant
activity using ABTS and DPPH assays. For example, seeds
exhibited a higher antioxidant activity value (18,894 puM
TE/g) compared with the peel (1,528 pM TE/g) and pulp
(1,229 uM TE/g) [13]. This result was attributed to the high
concentration of polyphenols and tannins in the seeds. The
pulp exhibited moderate antioxidant capacity. Some studies
have reported values ranging from 165 to 197 mg TE/100
mL following DPPH analysis [4, 36]. Leaf extracts exhibited
strong antioxidant capacity. Values ranging from 5.43 mg
TE/g to 8.55 mg TE/g have been reported for Prunus padus
and P, serotina leaf extracts using DPPH and ABTS assays,
respectively [11].

FRAP

The FRAP assay is a colorimetric method that measures
the ability of a sample to reduce the ferric 2,4,6-tris(2-pyridyl)-
s-triazine (TPTZ) complex (colorless) to its ferrous form
(deep blue) in an acidic medium (pH 3.6), with a maximum
absorbance at 593 nm [7,39]. This assay is widely used because
of its simplicity, speed, and applicability to both hydrophilic
and lipophilic samples. Unlike the DPPH and ABTS assays,
the FRAP method measures the non-specific reducing power
of a sample. Therefore, evaluating antioxidant activity using

both FRAP and DPPH or ABTS assays is recommended
to provide a more comprehensive assessment of the behavior
of antioxidant compounds [40]. Despite its advantages, this
method has been scarcely used to evaluate the antioxidant

activity of capuli [5, 12].
Antimicrobial properties

Antimicrobial compounds are chemical substances
capable of inhibiting the growth of microorganisms, including
bacteria, fungi, and viruses [41]. Although antimicrobial
compounds are used in various fields, microbial resistance
limits their effectiveness and promotes the search for
alternative antimicrobial agents [42]. Medicinal and aromatic
plants contain numerous secondary metabolites, including
alkaloids, flavonoids, and phenolic compounds, that are
capable of inhibiting microbial growth [41].

Flavonoids and phenolic compounds have demonstrated
the ability to inhibit microbial growth. The antimicrobial
activity of flavonoids has been associated with several
mechanisms, including: (i) disruption of cell membranes,
(i) inhibition of essential enzymatic processes, and (iii)
suppression of key biochemical pathways [32]. In this
context, previous studies on plant extracts containing phenolic
compounds and flavonoids have demonstrated significant
antimicrobial activity. A study on Luma chequen extracts
containing phenolic compounds and flavonoids demonstrated
antimicrobial activity against bacteria such as Bacillus subtilis,
Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia
coli [43]. Similarly, extracts from Mediterranean agri-food
by-products exhibited strong antimicrobial activity against
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8. aureus, Bacillus cereus, Listeria monocytogenes, E. coli,
Enterococcus faecalis, and Salmonella enteritidis [44]. Another
study evaluated the antimicrobial activity of flavonoids and
procyanidins extracted from grape seeds against intestinal
bacteria. The results showed that facultative anaerobes were
highly resistant, whereas strict anaerobes were 10- to 100-fold
more sensitive to flavonoids [45]. The antimicrobial activity of
aqueous, ethanolic, and aqueous—ethanolic extracts obtained
from coffee grounds was evaluated against S. awreus, L.
monocytogenes, E. coli, and P aeruginosa. The extracts exhibited
strong antimicrobial activity, which was associated with their
high flavonoid content [46].

In the case of capuli, its antimicrobial activity has been
scarcely investigated. Extracts from P padus and P serotina
leaves were tested against bacterial and fungal strains. The
extracts and bacterial cultures were incubated for 24 h at
37 'C, and inhibition zones were subsequently measured.
Inhibition zones were recorded for Enterococcus faecium (24
mm), L. monocytogenes (23 mm), and Klebsiella pneumoniae (18
mm). For fungal strains, negligible antimicrobial activity was
observed against Aspergillus spp. (5 mm) and Fusarium spp. (3
mm) [11]. The antimicrobial activity of pulp and peel extracts
obtained from Prunus salicifolia has also been evaluated
against Streptococcus mutans. Twenty microliters (20 pL) of
extract were brought into contact with the bacterial culture
and incubated for 48 h at 37 'C. The results showed greater
antimicrobial activity for the pulp extract (12 mm) than for
the peel extract (9 mm) [47].

The limited number of studies evaluating the antimicrobial
activity of capuli may be attributed to the greater research focus
on its phenolic composition, antioxidant capacity, and invasive
behavior in European ecosystems. Therefore, further research
in this area could provide innovative insights and expand the
potential applications of capuli-derived compounds.

Industry Applications

Table 2 presents the potential industrial applications of
antioxidant and antimicrobial compounds extracted from
capuli. In the food industry, anthocyanins have played a key
role as natural pigments in the development of value-added
products for human consumption [39]. The antioxidant
properties of polyphenols and flavonoids have been exploited
to enrich food matrices for dietary supplementation purposes

[26, 40].

In the non-food sector, terpenes and flavonoids have
shown significant potential in the agrochemical industry as
bioinsecticides for pest control in crops [13]. Tannins have
demonstrated the ability to bind and precipitate proteins,
making them valuable in the tannery industry [41]. In addition,
the pharmaceutical sector has employed these bioactive
compounds because of their diverse biological activities.
Polyphenols, flavonoids, and anthocyanins have demonstrated
antidiabetic effects, antibacterial properties, and the ability to
reduce the risk of cardiovascular diseases and certain types of
cancer [27, 41]. Likewise, phenolic compounds and terpenoids
extracted from the Prumus genus have been reported to
provide protection against metabolic syndrome, regulate lipid
metabolism, and reduce visceral obesity and hypertension
[25]. Furthermore, the consumption of polyphenols has been
proposed as an effective preventive strategy against lifestyle-
related chronic diseases [40].

Antioxidant compounds act in the human body by
neutralizing ROS and free radicals through electron donation.
'This mechanism prevents oxidative damage to biomolecules
such as lipids, proteins, and DNA. Additionally, it helps
maintain cellular redox balance, supports antioxidant defense
systems, and reduces inflammatory processes [48].

Conclusion

Capuli is a species rich in phenolic compounds, tannins,
procyanidins, anthocyanins, and flavonoids. These bioactive
compounds have demonstrated antioxidant and antimicrobial
properties, and their effectiveness has been evaluated using
different methodologies. ABTS and DPPH assays have
been widely applied to evaluate antioxidant activity, while
the disk diffusion method has been used to determine the
antimicrobial properties of extracts. The bioactivity of the
extracts has been strongly influenced by the experimental
conditions employed. The use of EtOH has enhanced the
extraction of anthocyanins and phenolic acids from capuli
pulp and leaves, resulting in extracts with notable antioxidant
and antimicrobial activity against both Gram-positive and
Gram-negative bacteria. Additionally, these compounds have
shown potential applications in the food and pharmaceutical
sectors. Despite these advances, research on the antimicrobial
properties of capuli and the industrial exploitation of its
bioactive compounds remains limited. Therefore, further
studies addressing these knowledge gaps are needed to expand
the scientific understanding and potential applications of

Table 2: Potential industrial application of antioxidant and antimicrobial compounds.

Active compounds Industry Main applications Ref.
Anthocyanins Food ‘They can be used as natural pigments in added-value products [9,10]

Polyphenols Food They can be used as a food additive in healthy diets [10]

Flavonoids Food They can be used as food supplements [4]

Terpenes flavonoids Agrochemistry They can be used as bioinsecticides [1]
Polyphenols Pharmaceutical They exh1b1.t antidiabetic effe'cts an'd redlfce the risk of [11,12]

respiratory and gastrointestinal diseases
Flavonoids Pharmaceutical They show strong antibacterial activity an.d reduce risks associated with [49]
heart and cancer diseases
Terpenoids Pharmaceutical They can avoid stress, immunological problems and anemia [13]
Tannins Tannery They can precipitate alkaloids [49]
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