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Black chokeberry, scientifically known as Aronia melanocarpa, is native to the eastern part of North America and belongs to the
Rosaceae family, specifically falling within the Maloideae subfamily. A sour taste makes fresh chokeberries difficult to eat raw, but
they are widely used in the food sector to make wines, fruit teas, juices, jams, jellies, and dietary supplements. Black chokeberries
are a rich source of several bioactive compounds. It has been discovered that the fruits of A. melanocarpa exhibit a variety of
bioactivities that may be advantageous to human health, such as antioxidant, antiobesity, anti-infective, antidiabetic, and liver-
and heart-protective properties. However, to determine the therapeutic capacity, safety, and underlying mechanisms of action of
black chokeberries, a comprehensive examination similar to other natural plants and medical items is required. This review
provides a comprehensive overview of Aronia plants, covering aspects such as botany, cultivation, bioactive chemical com-
position, and therapeutic activities to explore their potential health benefits. The findings are expected to significantly influence
future research, particularly in the development of functional food products centered around chokeberries.
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1. Introduction

Aronia are perennial shrubs belonging to the Rosaceae
family. The genetic studies of Aronia species have pro-
vided insights into the genus’s taxonomy, genetic di-
versity, and breeding potential. Commonly accepted
Aronia species include Aronia arbutifolia, Aronia mel-
anocarpa, Aronia prunifolia, and Aronia mitschurinii. To
further explore the origins and genetic background of
A. mitschurinii, amplified fragment length poly-
morphism (AFLP) analysis confirmed its hybrid origins
between Aronia and Sorbus, providing clarity on this
species’ genetic lineage [1]. Another study, investigating
the hybrid origin of A. mitschurinii, found that while
morphological ~ data  could distinctly  separate
A. melanocarpa and A. mitschurinii, molecular markers
(ITS2, rbcL, trnL-F, and LEAFY) were not sufficiently
discriminatory to differentiate between these species.
This underscores the need for more precise markers to
understand the evolutionary history of the genus better
[2]. In 2017, genomic microsatellite markers were de-
veloped for A. melanocarpa, demonstrating their utility
across different Aronia species and highlighting the
potential for marker-based selection in breeding ap-
proaches, with 20 polymorphic microsatellite markers
reported in A. melanocarpa, A. arbutifolia, and
A. prunifolia [3]. RAPD and ISSR markers were also used
to explore the genetic diversity among A. melanocarpa
cultivars, indicating a narrow genetic base within com-
mercially significant cultivars [4]. A transcriptomic ap-
proach was used to analyze the transcriptome of
6 A. melanocarpa cultivar fruits, identifying biosynthetic
genes from important secondary metabolites [5].

A. melanocarpa is characterized by glabrous or nearly
hairless stems and leaves that are pale green on the underside
and dark green and shiny on the upper surface. The oval
leaves, which become scarlet, typically measure 2.5-7 cm in
length and 2.5-3.5 cm in width, with an apex ranging from
subacute to acuminate. A. melanocarpa can grow up to 3 m.
The plant produces sweet-scented flowers with yellow to
purplish red anthers and black, acid, and bitter-tasting fruits
(pomes) (Figure 1(b)). Black fruits weigh an average of
0.5-2 g and have a diameter of 6-13 mm [6] (Figure 1(a)). It
flowers from March to June and bears fruit from September
to November, thriving in habitats like swamps, bogs, wet
thickets, and moist forests, at elevations from 0 to
2000m [7].

Among these species, A. melanocarpa (black chokeberry)
typically grows in moist woodland areas, but it adapts well to
a variety of soil types and climates, making it a popular
choice for landscaping and commercial cultivation. Origi-
nally native to the eastern regions of North America, the
chokeberry was introduced to Europe in the early twentieth
century. Cultivated chokeberry varieties include “Viking,”
“Nero,” “Galicjanka,” “Hugin,” “N,” “Rubina,” “Aron,”
“Hakkija,” “Ahonnen,” “Kurkumicki,” “Fertédl,” and
“Serina” [4, 8]. Chokeberry’s edible portions are primarily its
fruits [6]. Because of their astringent flavor, fresh,
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unprocessed chokeberry fruits are rarely consumed. How-
ever, in recent years, they have attracted increasing attention
from researchers, the food industry, and consumers, leading
to a rise in its cultivation and usage in various products such
as juices, jams, preserves, wines, liqueurs syrups, jellies, teas,
and dietary supplements [9, 10]. The significant concen-
tration of antioxidants, vitamins, and minerals found in
A. melanocarpa berries highlights their potential to offer
a range of health benefits. These include reducing in-
flammatory responses linked to a number of chronic ill-
nesses, preserving cardiovascular integrity by controlling
lipid profiles and blood pressure, and enhancing immu-
nological resistance to infections [11-13].

The countries that produce these products the most are
Poland, Russia, Germany, the United States, Japan, and
Canada [14]. Although Aronia originates from North
America, the primary producers of black chokeberry in-
gredients and products are European countries. 90% of the
world’s black chokeberry production is made in Poland
[15]. Poland produced 36,800 metric tons of black
chokeberries in 2009, and this amount climbed pro-
gressively to an estimated 50,000 metric tons in 2013.
Additionally, in Poland, the area under cultivation grew
from 5100 ha in 2009 to 6000 ha in 2013 [15]. Besides, an
average of 200 metric tons of black aronia is produced
annually in the state of Saxony, Germany. As of 2018,
Germany produced a total of 1434 tons of black choke-
berry, the United States produced 2500 tons, and Turkey
produced 130 tons [16].

The extensive review explores a range of topics related to
Aronia plants, including botany, cultivation techniques, the
chemical components of these plants that are bioactive, and
an investigation of their potential therapeutic uses. By of-
fering a comprehensive grasp of their various characteristics,
the goal is to unearth any potential health benefits linked to
Aronia plants. This thorough analysis is anticipated to add
significantly to the body of knowledge, particularly in terms
of guiding further research initiatives and promoting the
development of functional food products that showcase the
unique characteristics of Aronia plants.

2. Aronia Plant Tissue Culture and Botany

Although it is not consumed as a fresh fruit due to its as-
tringent characteristics and bitter flavor, in the last few years,
Aronia has become the most popular berry species for di-
etary supplement research. Aronia berries have a rich
content of bioactive compounds that have health-promoting
effects, such as polyphenols, vitamins, and minerals
[6, 17-19]. Because of the high content of secondary me-
tabolites and their contribution to health and well-being,
A. melanocarpa berries are called “superberry” [20, 21].

In vitro studies on plants are essential for the science of
plants, agriculture and biotechnology, biodiversity conser-
vation, sustainability, and enhancing cultivation [22].
Modern developments in the field of biotechnology enable
the use of tissue culture in economically important com-
mercial plant production [23]. Plant tissue culture relies on
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F1GURre 1: Flower and fruits of A. melanocarpa (Urban Forestry Outreach & Research, University of Minnesota, https://trees.umn.edu/black-

chokeberry-aronia-melanocarpa).

the inherent capability of plant cells to develop into complete
organisms, known as totipotency [24]. This phenomenon
occurs when a plant cell is provided with optimal micro-
environmental conditions, including essential nutrients such
as minerals, water, light, carbon sources, and air. For more
than a century, plant tissue culture technology has played
a pivotal role in enhancing and advancing plants. It facili-
tates the production of disease-free plant material, enables
the creation of transgenic plants, and assists in the micro-
propagation of superior plants possessing highly desired
chemical characteristics [25]. Consequently, this technology
contributes to more consistent and uniform plant pro-
duction processes.

Aronia contains various organic and phenolic acids such as
flavonols, phenols, and citric acid [26]. The most straight-
forward way to propagate is by employing in vitro methods
following micropropagation technology. If one or more species
of Aronia plants are available, it is possible to propagate these
plants by vegetative methods (Figure 2). “Viking” and “Nero”
are widely common species that reproduce through vegetative
reproduction [23]. Also, in vitro propagation of Aronia species
is very easy using typical shoot propagation methods followed
by rooting and acclimatization [27].

Axillary buds from mature, original plants can be used
for culture. The months between February and April are
a good time to collect plant material. Growth and differ-
entiation begin after a 4-week culture period. In the black
chokeberry culture, the optimum equilibrium between
growth regulators (mg/L) in vitro is 1.0 6-
benzylaminopurine (BAP) and 0.1 gibberellic acid (GA3)
on a basic medium including macroelements and micro-
elements MS (1962) and vitamins LS (1965) [28].

In a study they conducted in 2022, Valentina and Catita
explained the culture method as follows: They washed ex-
plants of black chokeberry under the tap water with 2-3
drops of bleach, and for 5min, they immersed nodal ex-
plants in 96% ethyl alcohol by volume and rinsed them with

sterile distilled water, and for 10 mins, sterilized them in 6%
calcium hypochlorite. After 3 times rinsing with sterile
distilled water, they transferred the node explants to a cul-
ture medium. After an in vitro culture of 4 weeks, they
transferred the latest black chokeberry shoots to the prop-
agation medium. All processes were conducted in a hori-
zontal laminar air flow hood. They used test tubes with 5mL
of medium for in vitro culture initiation [28].

In a recent study, 5 different propagation media were
used with shoot tips used as explants in Aronia plants and
the effects of different growth regulators were investigated.
For this study, full-strength MS medium, 30g-L™" sucrose,
and 6.5 g-L ™" agar were added to the nutrient concentration,
and the pH was adjusted to 5.7 using 1 N NaOH or 1 N HCIL.
Indole-3-butyric acid (IBA), BAP, and GA3 served as plant
growth regulators. Their results showed that using too high
or too low BAP and GA3 negatively affected the number of
shoots per explant. It was also observed that the number of
nodes increases as the shoot length increases [29]. In another
study conducted by Almokar and Pirlak in 2023, the tissue
culture method was as follows: After surface sterilization of
one-year-old cuttings, the explants were moved to MS
medium with 1.0 mg-L_1 GA3, 3% sucrose, MS vitamins, and
8 g-L ™" agar culture tubes covering a volume of 10 mL. With
75 umol-m 25" white, fluorescent light of 1500-3000 lux.,
cultures were incubated in a growth room at 25 + 1°C. After
21 days, new Aronia shoots were moved to the medium
containing 1.0 mg-L™' 6-Benzyladenine (BA), and when the
desired number was reached, the plants were transferred to
the medium containing IBA (1.0mg-L™") throughout the
rooting stage [29].

Growth regulators and their concentrations play a very
complex role in the accretion of secondary products. The
sort and concentration of auxin or cytokinin, or the auxin/
cytokinin ratio, cause remarkable changes in the form of
development and product in cultured plant cells. 2,4-
Dichlorophenoxy acetic acid (2,4 D) has been shown to
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FIGURE 2: Representation of Aronia micropropagation [23].

inhibit secondary metabolite production in many cases.
Abscisic acid (ABA) and GA3 have been reported to inhibit
anthocyanin production in many cell cultures [30]. In
a study performed by Borsai et al. in 2021, the main aim was
to prepare an effective method for in vitro propagation of
Aronia and to set up a new wave to produce valued plant
material. Shoot tips and nodal stem parts were taken from
one-year-old shoots and used as the initial explants for in
vitro culture in MS medium supplemented with 0.5 mg/L
6-BA. Initiation was made with a percentage of 47%. Basal
media utilized for the propagation stage: MS medium, DKW
medium (Driver and Kuniyuki Walnut), and WPM medium
(woody plant) including plant growth regulators with dif-
ferent concentrations. Microplants were acclimated to
peat—perlite (1:1; v:v) substrate and 90% success rate
achieved [31]. In the study performed by Celebi-Toprak and
Alan in 2020, nodal explants were made ready originating at
shoots grown in vitro for rooting and R1 (WPM enriched
with 1 mg per liter IBA) and R2 (half-strength WPM sup-
plemented with 3 mg per liter IBA). Most of the explants
generated roots and shoots on the rooting medium in
3 months. All 3 varieties were completely propagated with
minor variations [32].

3. Characteristic Composition of
Black Chokeberries

Fresh fruits typically have an astringent and bitter taste, and
Aronia has gained significant popularity in recent years as

one of the most researched berry species for dietary sup-
plements. Aronia berries are renowned for their rich content
of health-promoting bioactive compounds, including
polyphenols, vitamins, and minerals [6, 17-19]. Thanks to
their abundance of secondary metabolites contributing to
overall health and well-being, A. melanocarpa berries have
earned the title of “superberry” [20, 21].

To fully assess the health implications, it is crucial to
analyze the detailed composition, including specific com-
pounds and nutrients, of black chokeberries. These berries,
with their high polyphenolic content including anthocya-
nins, flavonoids, and various phenolic acids, are well-known
for their antioxidant capabilities. Black chokeberries also
include important minerals, including potassium and
manganese, and are a large source of vitamin C, which is
necessary for immunological function. Researchers have
identified approximately 8000 different polyphenolic
chemicals within the plant kingdom. Notably, black
chokeberries stand out among various berries for hosting the
highest concentration of these polyphenols [33, 34]. Poly-
phenols, recognized as important secondary metabolites in
plants, are synthesized using shikimic acid or phenylalanine
as precursors. These compounds have either one or several
hydroxyl groups on aromatic rings and exhibit diverse
conjugated forms, including attachments to sugar residues,
carboxylic acids, amines, lipids, organic acids, and other
phenols [35-37].

Based on the quantity of phenol rings along with the
additional structural components present, polyphenols are
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classified into four primary groups: phenolic acids, flavo-
noids, stilbenes, and lignans [33, 36, 38]. In plants, poly-
phenols play crucial roles in various physiological processes,
including lignification, pollination, pathogen resistance, UV
radiation protection, and growth. Moreover, these com-
pounds are responsible for the vivid hues of fruits, vege-
tables, tea, wine, and other plant-based foods [39, 40]. In
human dietary contexts, polyphenols are believed to offer
a multitude of health benefits. These include antioxidant
effects, anti-inflammatory properties, improvements in lipid
profiles, prevention of insulin resistance, and potential
contributions to cardiovascular health [41-43].

3.1. Phenolic Acids. Plants contain a class of chemicals called
phenolic acids, which are well-known for their antioxidant
qualities. They belong to the class of secondary metabolites
called phenolic compounds, which are produced by plants
[44, 45]. They play diverse roles in plant symbiotic in-
teractions with soil microbes, functioning as signaling
molecules [46, 47]. They are also crucial for seed germi-
nation, seedling growth, and protecting plants from path-
ogens and insects [48]. Additionally, phenolic acids
contribute to the astringent flavor of black chokeberries [49].
Benzoic acid derivatives are generally scarce in edible plants,
excluding red fruits, whereas phenolic acids derived from
cinnamic acid are more prevalent in black chokeberries. In
Aronia berries, chlorogenic and neochlorogenic acids
(Figure 3) are the most abundant forms of hydroxycinnamic
acid, collectively constituting approximately 7.5% of Aro-
nia’s polyphenol content [18, 50].

Due to their higher water solubility, chlorogenic and
neochlorogenic acids are predominantly found in the juice
of Aronia berries compared to their concentrations in the
fresh and dry weights of the fruit, pomace, and juice
[18, 51-53]. For instance, Oszmianski et al. [18] reported that
the concentration of chlorogenic acid in fruit juice is
415.86 mg/100 g and of neochlorogenic acid is 393.10 mg/
100 g, whereas in the pomace and fruit, the concentrations
are 301.85mg/100g and 204.81 mg/100g for chlorogenic
acid, and 169.20mg/100g and 290.81 mg/100g for neo-
chlorogenic acid, respectively [18]. Similarly, Rodriguez-
Werner et al. found 414 mg/100g of chlorogenic acid and
490 mg/100 g of neochlorogenic acid in A. melanocarpa
juice. These findings suggest a notably higher concentration
of chlorogenic and neochlorogenic acids in fruit juice
compared to their levels in the dry weight (pomace and fruit)
of black chokeberries. The slight differences reported by
different studies may be affected by factors such as cultivar
differences, harvesting times, or analytical methods
used [51].

In 2010, Pop et al. conducted an analysis of polyphenols
and antioxidant contents in five distinct cultivars of black
chokeberries (Viking, Nero, Fertodi, Hugin, and Aron).
Their findings were consistent with previous research by
Oszmianski et al. [18] and Rodriguez-Werner et al. [51],
indicating chlorogenic content as the predominant con-
stituent in terms of fresh weight across all cultivars of
A. melanocarpa. Among these cultivars, Viking exhibited the
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HO HO }/—OH
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F1Gure 3: Chemical structure of phenolic acid. Chlorogenic acid
(a), neochlorogenic acid (b) [44, 45].

highest phenolic acid content, with chlorogenic acid mea-
sured at 1960.72mg/kg and neochlorogenic acid at
1156.59 mg/kg. Similarly, Nero demonstrated comparable
results, with 1931.45mg/kg of chlorogenic acid and
1057.00 mg/kg of neochlorogenic acid. In contrast, the Aron
cultivar displayed the lowest phenolic acid content, re-
cording chlorogenic acid at 1254.20mg/kg and neo-
chlorogenic acid at 883.31 mg/kg.

Bolling et al. conducted a study on phytochemical
changes in black chokeberry juice over 7 weeks of harvest,
focusing on the Viking cultivar. Their findings revealed
intriguing patterns. The juice extracted from freshly har-
vested berries in the first week of ripening exhibited the
highest hydroxycinnamic acid content. However, as sub-
sequent weeks progressed, there was a noticeable decline in
the levels of hydroxycinnamic acids in the juice. This ob-
servation suggests that the hydroxycinnamic acid content,
including compounds like chlorogenic and neochlorogenic
acids, peaks at the initial harvest but progressively decreases
in the following weeks. Such temporal changes in poly-
phenol levels could be influenced by various factors such as
ripening stages or storage conditions occurring in the berries
postharvest [54].

3.2. Flavonoids. Flavonoids, recognized as secondary me-
tabolites within plant structures such as fruits and seeds, play
pivotal roles by providing color, taste, and aroma. Their
antioxidant properties contribute to several health-
promoting  effects in  humans, including anti-
inflammatory, cardio- and neuroprotective effects, anti-
cancer properties, and potential antiaging benefits
[36, 52, 55]. This diverse group of compounds comprises six
primary subclasses: flavonols, flavanones, flavones, iso-
flavones, and anthocyanins. In black chokeberries, the most
prevalent flavonoids include anthocyanins, proanthocyani-
dins, and flavanols (Figure 4) [17, 50].

3.2.1. Anthocyanins. Anthocyanins are water-soluble pig-
ments that belong to the flavonoid class of compounds
found in plants and significantly contribute to the vibrant
hues observed in plants [56-58].
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Anthocyanins represent 25% of the total phenolic
content within black chokeberries [18]. Several research
studies have aimed to analyze the sorts and concentrations of
anthocyanins present in A. melanocarpa berries, identifying
four principal cyanidins: cyanidin-3-galactoside, cyanidin-
3-glucoside, cyanidin-3-arabinoside, and cyanidin-3-xylo-
side (Figure 5) [18, 21, 59-61]. Among them, cyanidin-3-
galactoside emerges with the highest recorded content,
boasting 1284mg/100g in dry weight [18] and 990 mg/
100 mg in fresh weight [62]. This compound was abundant
in fruit juice, with concentrations of 1817 mg/L [59] and
787 mg/L [18]. Regarding the relationship between harvest
time and polyphenol content, Bolling et al. [54] suggest a rise
in anthocyanin levels until the fifth week of harvest. Fur-
thermore, Taheri et al. [][][63] conducted a study involving
12 different accessions of Aronia berries varying in color (3
red, 4 purple, and 5 black chokeberry accessions), revealing
that the maximum quantities of anthocyanins were present
in black chokeberries, with levels reducing as the berries
transitioned from purple to red [54].

3.2.2. Flavonols. Black chokeberries contain a comparatively
low amount of flavonols, comprising only 1.3% of their
composition [18, 64]. Three common quercetin derivatives
have been identified in black chokeberries: quercetin-3-
rutinoside, quercetin-3-galactoside, and quercetin-3-gluco-
side (Figure 6). The most abundant quercetin derivative,
quercetin-3-galactoside,  records  concentrations  of
36.98 mg/100 g in dry weight [18] and 30.2 mg/100 g in fresh
weight [61].

While no correlation has been established between fla-
vonols and fruit color [63], reports on flavonol content con-
cerning harvest time show variability, with the highest levels
typically observed during the early stages of ripening [54].

3.2.3. Proanthocyanidins. Plant proanthocyanidins, which
are also called condensed tannins, are mostly present in
seeds and stems in plants and serving as defense against

Journal of Food Biochemistry

Flavonoid

OH

Flavanol

(c)

Proanthocyanin
(b)

FiGure 4: Chemical structure of flavonoids. Anthocyanin (a), proanthocyanidin (b), and flavanol (c) [17, 50].

herbivores and pathogens. Among berry species, choke-
berries exhibit the highest levels of proanthocyanidins,
constituting approximately 66% of the total fruit poly-
phenols in A. melanocarpa berries [18, 67]. Proanthocya-
nidin content is notably high, measuring 5182 mg/100 g in
dry weight [18] and 1740 mg/100g in fresh weight [55].
Additionally, Bolling et al. observed an increase in proan-
thocyanidins across each ripening stage of Aronia
berries [54].

3.3. Dietary Fibers. Dietary fibers, including plant oligo-
saccharides, polysaccharides, lignin, and associated sub-
stances, resist digestion by human enzymes, undergoing
breakdown by gut bacteria into short-chain fatty acids,
partially used by humans. These fibers are classified as
soluble dietary fiber (SDF) or insoluble dietary fiber (IDF),
with berries like chokeberry containing predominantly IDF
[68-71].

The polyphenol and dietary fiber content of various
berry species, including blackcurrant, redcurrant, goose-
berry, rowanberry, and chokeberry, were elucidated [72, 73].
Across all berry species examined, the most abundant type of
dietary fiber was identified as IDF. A. melanocarpa, com-
monly known as chokeberry, exhibited moderate levels of
dietary fiber, with IDF constituting the predominant type.
Reiflner et al. reported 524.6 g/kg of IDF and 70.4 g/kg of
SDF in the dry weight of pomace for A. melanocarpa [72].
Similarly, Schmid et al. found that A. melanocarpa fruit
pomace contained 57.8 g/100g of total dietary fiber in dry
weight, with IDF being the predominant type at 43.8 g/100 g,
accounting for 76% of the total dietary fiber content. Ad-
ditionally, the pomace contained 11.5g/100 g of high-mo-
lecular-weight SDFs and 2.4g/100g of low-molecular-
weight SDFs [73].

3.4.Sugar. A. melanocarpa contains 4 major classes of sugar:
glucose, fructose, sucrose, and sorbitol. In comprehensive
research conducted by Denev et al. (2018), which
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Figure 5: Chemical structure of anthocyanin. Cyanidin-3-galactoside (a), cyanidin-3-arabainoside (b), cyanidin-3-glucoside (c), and

cyanidin-3-xyloside (d) [18, 21, 59-61].
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investigated the sugar, organic acid, and polyphenol content
of 23 different Aronia samples from the Nero variety, sor-
bitol was identified as the primary carbohydrate source in
Aronia fruit, ranging from 6.6 to 13 g/100 g in fresh weight.
Fructose ranged from 2.2 to 3.42g/100g, glucose varied
between 1.53 and 3.02g/100g, and sucrose was the least
abundant sugar, ranging from 0.06 to 0.33 g/100g in fresh
weight [74].

Mikulic-Petkovsek et al. conducted a comparative
analysis of sugar, organic acids, and total phenolics content
in 25 different berry species, where chokeberry stood out for
having one of the highest total sugar contents, amounting to

I %
O _A_ 4O0H
OH N
Hov “OH
OH HO

Quercetin-3-galactoside
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OH
Quercetin-3-rutinoside

(©)

F1GURE 6: Chemical structures of flavonol. Quarcetin-3-glucoside (a), quarcetin-3-galactoside (b), and quarcetin-3-rutinoside (c) [65, 66].

6189¢g/kg in fresh weight. Additionally, chokeberry,
alongside rowanberry and eastern shadbush, contained
sorbitol, registering at 46.2 g/kg in fresh fruit [75].

Mayer-Miebach et al. analyzed commercial choke-
berries, juice, and pomace to assess their total sugar and
sugar alcohol content. The juice exhibited the highest total
sugar content, ranging between 110 and 143 g/L. The
identified sugar components included glucose, fructose, and
sorbitol, with sorbitol registering as the highest in sugar
content for the juice (between 47.8 and 63.8 g/kg), berries
(between 43.6 and 76.1g/kg), and pomace (37.6g/kg)
samples [76].
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Moreover, Bolling et al. examined the changes in sugar
content in Aronia berry juice over a 7-week ripening period
in August-September 2012, revealing a proportional in-
crease in sugar content corresponding to the ripening pe-
riod. Glucose, fructose, and sorbitol were identified as the
primary sugars in the juice, with sorbitol emerging as the
predominant sugar content [54].

3.5. Lipids. Lipids, comprising fats (triglycerides), phos-
pholipids, and steroids, are a diverse group of water-
insoluble organic molecules [77].

Aronia seeds are particularly rich in linoleic acid and
oleic acid [78, 79]. Linoleic acid (18:2 0-6) is a major plant
lipid, characterized as an 18-carbon polyunsaturated omega-
6 fatty acid. Conversely, oleic acid (18:1 0-9) is the most
abundant monounsaturated fatty acid (MUFA), featuring an
18-carbon fatty acid chain with a single double bond located
at the 9th carbon from the omega (methyl) end of the
molecule [80]. Aronia seed oils also boast a rich content of
phospholipids, sterols, and tocopherols [79].

In 1999, Zlatanov performed a comparative study of the
lipid content of chokeberry (A. melanocarpa L), black
currant (Ribes nigrum L), and rose hip (Rosa canina L) seeds.
The total seed oil content of chokeberry was found to be
19.3 g/kg, with phospholipids, sterols, and tocopherols as the
main components. Despite black currant having the highest
seed oil content among the three berries, chokeberry
exhibited the highest phospholipid content, with 2.8 g/kg in
oil. The primary phospholipids identified were phosphati-
dylinositol (29.8 g/kg in fw), phosphatidylcholine (19.9 g/kg
in fw), phosphatidylethanolamine (16.6g/kg in fw), and
phosphatidic acid (15.8 g/lkg in fw). Furthermore, the most
common fatty acids in chokeberry seed oil were linoleic acid
(71.1 g/kg in wt) and oleic acid (21.4 g/kg in wt), findings
consistent with those reported by Piasecka et al. [78]. Pia-
secka et al. analyzed the seed oil content of blackberry
(Rubus fruticosus), chokeberry (A. melanocarpa), and
raspberry (Rubus idaeus), revealing that the predominant
fatty acid type in chokeberry was polyunsaturated fatty acids
(PUFAs) at 73.79%, with linoleic acid accounting for 67.62%
of these PUFAs. MUFAs constituted 18.21% of the total fatty
acids, with oleic acid comprising 17.48% of the total
MUFA [78].

Linoleic acid is the major component of total black
chokeberry pomace lipids (64.67% (fatty acid/mass)), with
chokeberry pomace containing the highest linoleic acid
content compared to other berries such as wild blueberry
(Vaccinium myrtillus), cultivated blueberry (V. myrtillus),
wild cowberry (Vaccinium vitis-idaea), and raspberry
(R. idaeus). The predominant fatty acid type in chokeberry
pomace was PUFA at 65.01%. The total sterol content of
chokeberry pomace is 148.22mg/100g, with p-sitosterol
being the most abundant sterol at 74.42% of the total ste-
rol content [81].

3.6. Proteins. Aronia berries have a low protein content,
with 0.7 g/100 g fresh weight [82] and 3.71 g/100 g dry weight
[83]. In Aronia pomace, the total protein content is reported
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to be 13.15% [84]. The total essential amino acid content in
A. pomace is 28.90 g/kg dry weight, with glutamic acid (Glu)
being the most abundant amino acid at 19.79 g/kg [85].

Various commercial Aronia juices were analyzed for
their amino acid content, revealing an average total amino
acid content of 102.33 ug/mL, with 42.83 ug/mL of the total
amino acids being essential amino acids [86].

3.7. Organic Acids. Organic acids in plants are naturally
occurring compounds that play essential roles in meta-
bolism, growth, and stress responses, including citric acid,
malic acid, and oxalic acid [87-90]. Mikulic-Petkovsek et al.
revealed that chokeberry contains ascorbic acid, shikimic
acid, citric acid, and tartaric acid, with a total organic acid
content of 98.1 mmol/kg. Among these acids, shikimic acid
is the most abundant in Aronia berries, with a content of
554 mmol/kg in fresh weight. Chokeberry, along with
rowanberry and eastern shadbush, was found to have one of
the lowest citric acid contents, with only 1.3 mmol/kg of
citric acid [75].

In another study conducted by Denev et al. in 2018,
seven significant organic acids were identified in Aronia
fruit: quinic acid, malic acid, ascorbic acid, shikimic acid,
citric acid, oxalic acid, and succinic acid. Quinic acid was
found to be the most common organic acid in Aronia
berries, averaging 404.4 mg/100 g in fresh weight. Ascorbic
acid, contributing to Aronia berries’ status as a good source
of vitamin C, ranked as the third highest in concentration,
with an average of 65.2mg/100 g in fresh weight [74].

3.8. Vitamins and Minerals. In a study by Kim et al., which
compared nine different fruit species for their vitamin C
content, Aronia ranked second with an ascorbic acid content
of 923.5mg/L, following blueberries, which contained
969.9 mg/L in their commercial products [91]. Furthermore,
Catana et al. conducted an analysis of vitamin C content in
various forms of A. melanocarpa, including fresh, frozen,
and dried fruits, as well as juice, jam, and compote in 2017.
They reported the highest vitamin C content to be 31.85 mg/
100 g in fresh fruit and 28.78 mg/100 g in frozen fruits [92].
Notably, the vitamin C content in fresh Aronia berries found
by Catana et al. surpassed the values reported by Kulling and
Rawel, 2008 (1.3-27mg/100g) [17], Karakashova et al.
(17.52mg/100 g) [93], and Lupascu and Sirbu (12-12.8 mg/
100g) [94]. This result highlights Aronia’s exceptional
richness in vitamin C compared to various other fruit species
and previous studies.

Aronia is also rich in vitamin E content, particularly in
dried pomace. Pieszka et al. [85] conducted a comparative
analysis of the chemical content of apple, strawberry, black
currant, chokeberry, and carrot, revealing that chokeberry
has the highest a-tocopherol content at 152.3 mg/100g.
Another important nutrient in Aronia berries is vitamin
A. Research on berries of A. melanocarpa cv. Nero showed
that chokeberries contain 0.77 mg/kg of vitamin A [82].

Aronia berries, leaves, juices, and teas are also rich
sources of macro and microelements, including potassium
(K), calcium (Ca), magnesium (Mg), phosphorus (P), iron
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(Fe), manganese (Mn), zinc (Zn), and selenium (Se). Among
these, potassium is the most abundant macroelement, with
concentrations of 3842mg/kg in berries, 2623 mg/kg in
leaves, 2123 mg/kg in juices, and 1477 mg/kg in teas. Iron is
the most abundant microelement, with concentrations of
11.8 mg/kg in berries, 21.8 mg/kg in leaves, 14.7 mg/kg in
juices, and 35.8 mg/kg in bagged teas [95]. These results are
consistent with those reported by Juranovi¢ Cindri¢ et al,,
who found concentrations of 6790 mg/kg dw of K, 1212 mg/
kg dw of Ca, and 669 mg/kg dw of Mg in berries [20].
Kali¢anin et al. analyzed the mineral content of Aronia
berries, dried pomaces, and juices and found similar results.
They also noted that potassium is the most abundant
macroelement in chokeberries, with concentrations of
5110 mg/kg in berries, 3820 mg/kg in dried pomace, and
3776 mg/kg in juices. Additionally, manganese is the most
abundant microelement in berries, with concentrations of
18.7 mg/kg, while iron is the most abundant microelement
in dried pomace, with a concentration of 21.8 mg/kg [96].

4. Health Benefits of Black Chokeberries

4.1. Antioxidant Activity. Fruits and berries are phenolic-rich
plant materials. Phenolics have antioxidant abilities thanks to
their redox properties, such as reducing agents, singlet oxygen
quenchers, or hydrogen donors [18]. Polyphenols, including
phenolic acids, anthocyanins, proanthocyanidins, and fla-
vonols, are abundant in chokeberry fruits [12]. These phenolic
acids are mainly responsible for antioxidant activity. In recent
years, numerous studies have explored the antioxidant
properties of Aronia berries and their main phenolic com-
ponents. These natural compounds suppress the activity of
various types of radicals through diverse mechanisms, sup-
porting additional bioactivities [97].

Using the oxygen radical absorption capacity assay,
researchers compared the antioxidant activity of acetone
extracts from black chokeberries, blueberries (Vaccinium
corymbosum), cranberries (Vaccinium macrocarpon), and
lingonberries (Vaccinium vitisidaea). The study revealed that
black chokeberry extracts exhibited higher antioxidant ac-
tivity compared to other samples [61]. After the oxygen
radical absorbing capacity-based study was expanded to
include other berries, A. melanocarpa was found to be the
most powerful antioxidant among the mentioned berries,
including gooseberry (R. grossularia), red currant
(R. rubrum), black currant (Ribes nigrum), and elderberry
(Sambucus nigra) [62].

Anthocyanins can scavenge various reactive oxygen
species (ROS) or stimulate the expression of enzymes that
rely on antioxidant response components, such as gluta-
thione peroxidase (GPX), catalase (CAT), and superoxide
dismutase (SOD) [98]. Thus, chokeberry, rich in anthocy-
anins, stands out with its health-promoting properties. In
recent years, chokeberries have been the subject of many
scientific studies due to their beneficial contributions to
human health. Aronia can be incorporated into the human
diet in various ways, including consuming fresh fruits,
drinking fruit juice, enjoying jam or jelly, drinking tea, and
using it as a food supplement.

Jakobek et al. determined the amounts of total poly-
phenol and total anthocyanin in berries of Aronia
(A. melanocarpa), blackberry (R. fruticosus), red raspberry
(R. idaeus), and strawberry (Fragaria ananassa) from
methanol-HCI extracts. 5-20 g of grinding berries was used
for analysis. 5-20 g of grinding berries was used for analysis.
According to the results, the most and least total polyphenols
and anthocyanins were detected in Aronia and strawberry,
respectively. While the amount of total anthocyanins was
232-4341 mg kg™' in strawberry and Aronia, respectively,
the amount of total polyphenols was 1005-10,637 mg kg™
[59]. In a study conducted with rats, it was determined that
a commercial Aromnia  extract, which contains
0.612 +0.003 mg/mL total polyphenols, was effective in re-
ducing oxidative stress caused by cadmium. 1 and 5mg of
Cd/kg containing diet had a protective effect against organ
damage by increasing the antioxidative barrier in the liver
[99]. Additionally, in another study conducted with the fruit
fly Drosophila melanogaster, 2.5mg/mL Aronia extract
prepared with acetone increased SOD, CAT, and GPX ac-
tivities; decreased ROS, lipid oxidation, and stress resistance
gene expression; and extended mean lifespan by 18% [100].

In addition to berries and extracts, Aronia juice also has
very high antioxidant activity [101]. In a 3-month study
conducted with overweight and healthy people, it was ob-
served that 150mL commercial black chokeberry juice
consumed daily increased SOD and CAT activities. SOD
enzyme activity was increased from 0.046+0.010 to
0.071 £012 U/mL, and CAT enzyme activity was less pro-
nounced. Also, the juice decreased the thiobarbituric
acid-reactive ~ substance = from = 32.85+216 to
23.24+2.62 nmol/mL and C-reactive protein concentrations
from 41+1.1 to 3.06+0.76mg/L in the serum of the
overweight group [102]. Besides, in fission yeast, Schizo-
saccharomyces pombe, black chokeberry juice, including
4.91 mg/g total polyphenols, reduced the toxicity of acryl-
amide by enhancing antioxidant cell capacity and metabolic
activity due to its potent ROS scavenging ability [103].
Therefore, chokeberry juices might be a good supply of
bioactive phytochemicals in the human diet. Also, in
comparison to the majority of regularly consumed berry
teas, black chokeberry fruit teas were discovered to be
a valuable source of flavonoids and anthocyanins [104].

Aronia is also consumed as a supplement. Two months
of 300-mg chokeberry extract administration, including 3-
O-cyanidin-glucoside  (2.4%), 3-O-cyanidin-galactoside
(64.5%), 3-O-cyanidin-xyloside (4.2%) and 3-O-cyanidin-
arabinoside (28.9%), significantly reduced total and low-
density lipoprotein cholesterol from 158.71+35.78 to
146.21 + 34.63 mg/dL, systolic blood pressure from
143.40+7.87 to 131.83+12.24mmHg, diastolic blood
pressure from 87.20+£9.90 to 82.13+10.33mmHg, and
triglyceride levels from 215.92 +63.61 to 187.58 + 90.00 mg/
dL in patients with metabolic syndrome in concordance with
SOD and GPX increase [98]. Additionally, daily use of
commercial chokeberry supplement capsules for 6weeks
approximately 3 months significantly reduced systolic and
diastolic blood pressure by 11.0 and 7.2 mmHg, respectively,
and this effect was not observed in the placebo group.
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Besides, oxidized low-density lipoprotein levels were de-
creased from 91.6+26.9 to 67.7 +24.7u/L [105]. Another
study focusing on the usage of chokeberry extracts on 143
metabolic syndrome patients (age 50-60) revealed that four
weeks of commercial chokeberry extract, including 431 mg/
30 mL polyphenols and 120 mg/30 mL anthocyanins, con-
sumption decreased low-density lipoprotein from 3.77 to
3.36 mmol/L, total serum cholesterol from 6.16 to
5.56 mmol/L, systolic blood pressure from 139.72 to
126.16 mmHg, diastolic blood pressure from 85.67 to
78.53 mmHg, and white blood cells from 8.9 to 7.0 10” cells/L
for male patients, and similar significant decreases were also
recorded for female patients with metabolic syndrome [106].

In general, the antioxidant qualities of Aronia berries
hold promise for improving human health and protecting
against various illnesses. Therefore, it is crucial to com-
prehend the function of A. melanocarpa components and
byproducts in human nutrition and how they affect human
health. The burgeoning black chokeberry and its derivatives
demonstrate that they have potential value in the food in-
dustry as an antioxidant source.

4.2. Antimicrobial Effects. Much like their antioxidative
properties, phenolic compounds serve as the basis for the
antibacterial activity observed in plant extracts [49]. The
presence of carboxyl groups and the configuration of sub-
stitutions on the benzene ring are the primary factors de-
termining the efficiency of phenolic acids as antibacterial
agents, according to Alves et al. [][][107]. Research has in-
dicated that the quantity of hydroxyl groups within phenolic
compounds might impact their antibacterial activity, while
the presence of sugar molecules in flavonols may reduce their
efficacy in impeding microbial development [108].

The antibacterial activities of subcritical water extracts
with sample to solvent ratio 1:20 made from Aronia leaves
were examined by Cvetanovi¢ et al. [J[][109] against two
Gram-positive and four Gram-negative bacterial strains. The
extract’s capacity to inhibit fungal activity against two dif-
ferent fungal species was also assessed. Amracin, a tetracy-
cline antibiotic, and Aronia extracts antibacterial
effectiveness were compared by the researchers. In com-
parison to amracin, they found that the leaf extracts’ anti-
bacterial efficacy was four times higher against P. vulgaris
and fifteen times stronger against Proteus mirabilis. Deng
et al. applied the compound A. melanocarpa anthocyanins
(AMAs) with bactericidal activity at various concentrations
on Escherichia coli (E. coli) suspension. In the study, 500 g of
A. melanocarpa samples was used for ultrasonic-assisted
extraction with 75% ethanol. This extraction was per-
formed for producing anthocyanin  extract of
A. melanocarpa. 0.156, 0.313, 0.625, 1.25, 2.5, 5.0, and 10 mg/
mL were the final concentrations of the AMAs. According to
the study’s findings, as the concentration of AMAs in-
creased, the E. coli bacteria entered a bacterial growth curve,
completely inhibiting their growth. The release of cellular
components was interpreted as potential disruption and
destruction in the bacterial cell walls and membranes based
on scanning and transmission electron microscopy analyses.
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Furthermore, based on the SDS-PAGE analysis conducted,
the absence of protein bands might be attributed to the
penetration of AMAs into the bacterial cells [110].

The antibacterial characteristics of A. melanocarpa fruit
were investigated in a study by Liepina et al. [111]. Within
this study, two distinct extracts (aqueous and ethanolic)
derived from fruits were used as either fresh, dried, or
frozen. The A. melanocarpa extracts from fresh material
were obtained from 227-g weighed black chokeberry. This
material was ground in a mortar with a pestle. Then, these
samples mixed with 100 mL of sterile distilled water for
aqueous extracts or 50% ethanol for ethanolic extracts. For
obtaining dried extracts, fresh material fruit was dried in an
automatic dryer, and 10 g of the dried material was mixed
with 40 mL of water for aqueous extracts or 50% ethanol for
ethanolic extracts. Then, dulcified samples were ground in
a mortar and again mixed with additional same amount of
water or ethanol. Finally, it is filtered through a muslin. Last
extraction from frozen material was performed again from
fresh material. These samples were left frozen at —20°C
temperature within the closed tubes for 5.5 months. Sub-
sequently, ethanolic and aqueous extracts were tested against
both Gram-negative and Gram-positive bacteria. The anti-
bacterial effect of ethanolic and aqueous extracts on Bacillus
cereus, Staphylococcus aureus (Gram-positive bacteria), and
Pseudomonas aeruginosa (Gram-negative bacteria) was
evaluated, and it was interpreted that ethanolic extracts were
equal to or more effective than aqueous extracts [111].
Additionally, the process of drying the fruits to create ex-
tracts and subjecting these extracts to heat treatments such
as autoclaving and freezing modified their antibacterial
characteristics, either enhancing or diminishing their in-
hibitory effects. Extracts from fresh fruits displayed in-
hibition against all examined bacteria except E. coli. In
contrast, extracts from dried or frozen fruits only exhibited
inhibition against Gram-positive bacteria. Consequently,
freezing the fruits resulted in a decline in their antibacterial
efficacy. Extracts that were either autoclaved and frozen
from fresh fruits demonstrated equivalent or greater anti-
bacterial properties compared to fresh extracts. However,
freezing extracts derived from dried fruits diminished their
antibacterial efficacy, with frozen fruit extracts showing little
antibacterial activity. In another research study by Kim et al.,
ethanol extraction was performed from dried powder of
A. melanocarpa samples. These samples were dulcified in
95% ethanol for 48h, and the soluble ingredients of the
mixed samples were evaporated to obtain stock ethanol
extract. The ethanol extract of crude A. melanocarpa was
tested against the same bacteria, B. cereus, and S. aureus [91].
According to the results of the study, the ethanol extract
tested by spot-on-lawn test showed various levels of anti-
bacterial activity. It was also shown that the inhibitory ac-
tivity of the ethanol extract was independent of the
concentration excess.

The antimicrobial properties of A. melanocarpa fruits,
rich in polyphenolic hydroxyl groups [112], have been
studied in more than one bacterial species [91, 113].
However, meat and meat products are susceptible to mi-
crobial spoilage that can cause serious health problems for
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consumers. Tamkuté et al. [114] evaluated the antimicrobial
potential of freeze-dried, defatted A. melanocarpa pomace
extracts in pork products and some microorganisms (Leu-
conostoc mesenteroides (L. mesenteroides), Weissella vir-
idescens, Brochothrix thermosphacta, Listeria monocytogenes,
Campylobacter jejuni, and Pseudomonas putida) culture. In
this study, freeze-dried chokeberry pomace samples were
ground and separated from the oil by supercritical CO, in
a 10-L container as performed in the Grunovaite et al. study
[115]. The defatted powder was mixed with diatomaceous
earth in 50mL of cells and extracted with ethanol at
a pressure of 10.3 MPa. Then, the final residue was extracted
again with water. The ethanol materials evaporated by rotary
and water were removed with freeze-drying. The result of the
evaluation proved antimicrobial activity and inhibition of
the growth of all bacterial species except W. viridescens and
L. mesenteroides [114]. In another similar study conducted
by Daotidou et al., A. melanocarpa aqueous and ethanolic
extracts were tested on E. coli, Streptococcus pyogenes, and
S. aureus bacterial strains [116]. In the extraction method of
study, A. melanocarpa beads were blended for 1 min; then,
10-g puree was mixed with 200 mL of each solvent (5% v/v).
After that, the aqueous solutions were filtered and centri-
fuged, and then, the supernatants of the samples were
evaporated. 2 g/mL concentrated solution was obtained, and
5mL distilled water was added on it. All tested extract
concentrations were 62.5, 25, 250, 500, and 1000 mg/mL.
According to the results of the study, the inhibition zone of
aqueous extracts was larger than that of ethanolic extracts.

Research especially indicates that extracts from
A. melanocarpa possess antimicrobial activity, with phenolic
compounds playing a key role in this effect. A study con-
ducted by Park et al. demonstrated that A. melanocarpa
ethanolic extract has an antiviral activity because of its
polyphenol and flavonoid contents. Even 0.0625 mg samples
isolated from A. melanocarpa by ethanol extraction exhibited
high anti-influenza activity and were inhibited virus surface
proteins with 70% of influenza viruses (H1 and H3) [117].
Additionally, increasing the concentration of A. melanocarpa
to 0.125mg resulted in more than 60% efficacy against all
tested viruses. This suggest that Aronia melanocarpa hold
broad antiviral role against influenza viruses.

Another study was performed by Ochnik et al. [118] and
is about antiviral activity of double-standardized extract of
A. melanocarpa against human respiratory influenza A virus
(IAV) (A/HIN1) and human betacoronavirus-1 (HCoV-
OC43). In this study, frozen A. melanocarpa were extracted
with water and the extraction of the samples was carried out
using the percolation method, and then, the resulting
mixture was filtered. The drug/extract ratio for
A. melanocarpa was determined as 70:1. With an antho-
cyanin concentration of 566.6 mg/mL, more than 700 L of
A. melanocarpa extract was loaded onto the chromatography
column to obtain 400 g of anthocyanins. 75% of ethanol was
used to elute the absorbed compounds. After that, 25% of the
dry weight of the main compound was dried in a spray dryer.
According to the result of the study, these extracts dem-
onstrated the highest antiviral activity against human
A/HIN1 and HCoV-OC43 viruses. Doble-standardized
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extracts of A. melanocarpa inhibited with 72% the repli-
cation of human influenza viruses.

A research article conducted by Eggers et al. [119]
demonstrated A. melanocarpa juices that are purchased
directly from manufacturers have antiviral activity against
EBOV, SARS-CoV-1, MERS-CoV, and SARS-CoV-2. In this
study, stains of these viruses were incubated in
A. melanocarpa juices in 5min. Then, it was shown to de-
crease the infectivity with 99.99% of these viruses. Fur-
thermore, another study conducted by Frank et al. was
realized with the same purpose [120]. The severe acute re-
spiratory SARS-CoV-2 and IAV were inhibited by the
A. melanocarpa juices.

A different study is about the antiviral role of
A. melanocarpa extracts (AEs) combined with carrageenan
(ACNC), which is a stabilizing molecule [121]. Both AE and
CGN were obtained from another lab. 20-mg AE was dis-
solved in phosphate buffer pH 3 at 40°C, and 80 mg of CGN
was dissolved in deionized water at 60°C. After that for
preparation of AE and CGN solutions, mix in a 1:4 weight
ratio, with sample concentration of 2 mg/mL. In this mice
study, ACNC was used against influenza A/California/07/
2009 (HIN1) virus that originally obtained from the in-
fluenza HIN1 virus was acquired from the Korea Centers.
According to the result of the study, plaque formation that
occurred because of virus infection inhibited 100 percent
after treatment with ACNC. Therefore, this study demon-
strates the intranasal administration of ACNC has an an-
tiviral role on HINTI virus.

However, further investigation of existing data and di-
versification of studies on different microorganisms are
needed. These studies can help us better understand the
potential benefits of A. melanocarpa in terms of its anti-
microbial properties.

4.3. Anticancer Effects. Some epidemiological studies suggest
that a diet rich in antioxidant-rich fruits can lower the risk of
cancer, implying that dietary antioxidants might be effective
in cancer prevention. Aronia fruit, based on studies, has
shown promise as a dietary supplement in cancer cases [64].
Furthermore, compared to other berry crops, the poly-
phenolic extract of black chokeberry fruit has been shown to
have a chemopreventive effect through a variety of mecha-
nisms, including changes in cellular signaling, induction of
detoxification enzymes, reduction of oxidative stress, promote
of cell cycle arrest, apoptosis, support of the immune system,
and prevention of oxidation [122]. Even if a significant
amount of the phenolics in chokeberries change during di-
gestion, Stanisavljevi¢ et al. showed that these compounds are
still effective as antiproliferative and antioxidants. The study
examined the impact of the chokeberry juice which is ob-
tained from crushed and pressed fruits by a wine horizontal
screw press, on the proliferation of Caco-2 cells, resulting in
a reduction in the proliferative rate by around 25% [123].
According to Malik et al, human colon cancer cells
showed significant growth suppression when exposed to
Aronia extract. In the study method, 10g of powdered
anthocyanin-rich extract was dissolved in 100 mL of HCL
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(concentrated 0.01%). Then, the extract was pretreated with
100 percent ethanol with HCL and solid-phase semi-
purification. Blockages at the G1/G0 and G2/M phases of the
cell cycle were observed in the treated cells [124]. The potential
chemopreventive efficacy of chokeberry extract against colon
cancer was also examined in research by Zhao et al. Both colon
cancer-derived and nontumorigenic colonic cells displayed
distinct growth patterns when exposed to various concen-
trations of Aronia extract. According to study, semi-
purification of anthocyanin extract was performed with C18
cartridge. 1 g of anthocyanin extract dissolved in the 10 mL of
deionized water and then placed into the C18. Like the pre-
vious procedure of Malik et al. 2003 study, semipurification is
completed. Specifically, when exposed to a certain concen-
tration of the extract for a specific duration, colon cancer cell
proliferation was significantly inhibited [125].

Rugind et al. investigated the anticancer potential of
polyphenolic fractions from A. prunifolia and the cultivars
Viking and Aron of A. melanocarpa. Both compounds, with
and without anthocyanins, were isolated. The findings of the
experiment demonstrated that, after 48h of treatment,
cyanidin glycosides markedly reduced the proliferation of
HeLa human cervical carcinoma cells and increased the
production of ROS [126]. The anticancer efficacy of the
extract was influenced by the extraction process. In com-
parison to 50% methanol and hot water extracts, the 50%
ethanol extract significantly inhibited the development of
cancer cells in the HeLa cell line [127].

Sharif et al.’s study has shown that the A. melanocarpa
juice consumption induced apoptosis, a form of pro-
grammed cell death, and reduced cell proliferation. Fur-
thermore, it was observed that the juice caused cell cycle
arrest specifically in the G(2)/M phase [128]. Aqueous ac-
etone was used in a study by Sueiro et al. to extract the fruits
of black chokeberries. To determine each genotype’s po-
tential as a cancer chemopreventive agent, the extract,
certain fractions, and subfractions were evaluated using
a human DNA catalytic topoisomerase II assay and a murine
leukemia cell assay. The experiment’s findings demonstrated
that the black chokeberry’s anthocyanin extract prevented
human granulocytes from producing and releasing super-
oxide radicals. It has been reported that subfractions ob-
tained from wild Aronia berries effectively inhibit leukemia
cells when consumed at specific concentrations [129]. Re-
search conducted by Sidor et al. indicates that water-based
solutions derived from extracts of black chokeberry and
strawberry effectively prevented the development of lung
adenomas, liver degradation, and pulmonary emphysema
induced by cigarette smoke, which is known to contain
elevated levels of carcinogenic chemicals [130, 131].

The constituents of Aronia fruits, particularly the pri-
mary phenolic compounds identified in clinical trials,
suggest promising potential for the development of novel
anticancer medications, as previously discussed.

4.4. Antimutagenic Effects. Black chokeberries exhibit
antimutagenic properties in vitro due to their anthocyanin
content. The ability of anthocyanins to inhibit enzymes
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responsible for promutagen activation, as well as their ca-
pacity to scavenge free radicals, is attributed to them
[132, 133]. Results of the Ames test showed that benzo-2-
aminofluorene’s carcinogenic qualities are eliminated by
anthocyanins that are derived from chokeberry plants.
Additionally, the sister chromatid exchange assay high-
lighted the significant antimutagenic action of AEs using
human blood-derived lymphocytes grown in vitro for the
assay. Benzo[a]pyrene and mitomycin C showed a 30% and
10% reduction in genotoxicity, respectively, as a result of the
high anthocyanin concentrations. The phenolic components
of black chokeberries are also responsible for their enhanced
antimutagenic activity [132].

Additionally, administration of aminopyrine, sodium
nitrite, and black chokeberry juice to male rats resulted in
a reduction in the synthesis of naturally occurring
N-nitrosamines. Consequently, histopathological alter-
ations induced by nitrosamine precursors were observed
in the livers of the mice, but coadministration of black
chokeberry juice appeared to alleviate this effect [134]. In
an additional investigation, Aronia fruit demonstrated
a radioprotective impact by raising the survival rate of
rats subjected to beta radiation and an antimutagenic
effect by diminishing the debilitating effects of certain
chemical mutagen compounds [135].

4.5. Antidiabetic Effects. Studies have indicated that the
anthocyanins present in A. melanocarpa may have advan-
tages in the treatment and prevention of Type 2 diabetes
(T2D) as well as its aftereffects [136, 137]. Aronia fruit juice
appeared to lower hyperglycemia and hypertriglyceridemia
in diabetic rats in experimental research [136].

In a group of male Wistar rats weighing approximately
200 g, an ethanol extract of Aronia berries (100 mg/kg) gavage
daily for eight weeks significantly reduced the levels of blood
glucose, serum insulin, and insulin resistance while increasing
the amount of glucose tolerance and hepatic glycogen in the
organism [138]. Thirty-five individuals with T2D who were
on regular diabetic care were given the phenol-rich Aronia
juice (150 mL, three times a day, 50 mL each time) as part of
an open-label trial. The fact that the patients’ health improved
suggests that Aronia juice could be a useful therapy or pre-
ventive measure for diabetes mellitus [139].

It is interesting to note that Aronia berries have dem-
onstrated some positive effects when it comes to Type 1
diabetes treatment (T1D) [140]. Unlike T2D, which is caused
by inadequate insulin usage, T1D is caused by an autoimmune
reaction that destroys pancreatic cells, hence compromising
insulin production. As a result, T1D is insulin-dependent and
associated with significant organ failure because of high blood
glucose. Streptozotocin (STZ) injection of six-week-old ICR-
healthy male mice resulted in lower blood glucose levels and
preserved mouse pancreatic cells in an animal model of T1D.
The mice were given a single dose of 80 mg/kg of STZ in-
traperitoneally (i.p.) and were given an ethanol extract of
Aronia berries (10 or 100 mg/kg) every day for thirty-one
days. These findings suggest that consuming Aronia berries
may help prevent pancreatic cancer and treat T1D [140].
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Following a 3-month regimen of 200 mL of Aronia juice
daily, patients with non-insulin-dependent diabetes showed
lower fasting glucose levels in a human intervention study.
Additionally, Aronia juice demonstrated a positive impact on
total cholesterol, lipid levels, and HbAlc-glycosylated he-
moglobin [137]. These findings align with studies illustrating
the impact of other foods high in procyanidin on diabetes
[141]. Recent human research has also suggested potential
benefits of Aronia juice in the treatment of obesity issues [17].

4.6. Anti-Inflammatory Effects. It is known that extracts
from chokeberries prevent the secretion of interleukin-6
induced by lipopolysaccharides (LPSs) and promote the
excretion of interleukin-10 in splenocytes in nonstimulated
conditions [142]. In an in vivo study assessing the anti-
inflammatory properties of black chokeberries (100 mL of
juice from approximately 1kg of black chokeberries), the
juice from A. melanocarpa notably alleviated the severity of
swollen paws (10 mL of chokeberry juice per 100 g of body
weight) caused by the introduction of histamine or serotonin
solutions [143].

Separately, in an in vivo study conducted by Ohgami et al.,
the significant anti-inflammatory potential of intravenously
administered black chokeberry extract was demonstrated in
rats with endotoxin-induced uveitis, and 100 mg of black
chokeberry extract showed a significantly robust effect [144].
Additionally, this study used the mouse macrophage cell line
RAW 264.7 to offer a hypothesis, suggesting that the sup-
pression of prostaglandin, TNF-a, and nitric oxide (NO) may
be linked to the antiocular inflammatory effect of black
chokeberry extract. It is believed that the reduction of
cyclooxygenase-2 and inducible NO synthase production is
what causes this inhibitory condition [144].

Additionally, involving the RAW 264.7 cell line, the anti-
inflammatory effect of A. melanocarpa leaves was observed
by Thi and Hwang [145]. The administration of berry leaf
extract significantly decreased the levels of expression of
TNF-a and interleukin-6 [145].

Using the reverse transcription polymerase chain re-
action (RT-PCR) method, Downar and his colleagues ex-
amined the expression levels of TNF-a-induced molecules
(ICAM-1 and VCAM-1) after administering AE [11]. Upon
exposure to TNF-a, human aortic endothelial cells exhibited
an elevation in the surface expression levels of ICAM-1 and
VCAM-1 proteins. Meanwhile, under normal conditions,
the expression levels were significantly low. However, when
the cells were pretreated with an extract of A. melanocarpa
(at 50 ug/mL) before the addition of TNF-a, there was
a significant decrease in these expression levels. Specifically,
ICAM-1 expression decreased by 35%, and VCAM-1 ex-
pression decreased by up to 45% [11]. In addition, it can be
asserted that the A. melanocarpa fruit extract is capable of
intervening with the transcription of these particular genes
because the chokeberry extract can lead to a reduction in the
expressed levels of mRNA for these genes, as compared to
normal conditions [11]. As part of a comprehensive treat-
ment approach, patients who had suffered a heart attack
were given chokeberry extract (3 x 85 mg/day of chokeberry
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flavonoid extract) in conjunction with their regular regimen,
which involved routine statin therapy [105]. It was observed
that patients who incorporated Aronia extracts into their
diet alongside statins for 1.5 months experienced an increase
in their adiponectin levels, which is associated with de-
creased endothelial inflammation.

In summary, the available evidence suggests that
A. melanocarpa possesses significant anti-inflammatory
properties. In both in vivo and in vitro experiments,
chokeberry extract demonstrated effectiveness in reducing
inflammation markers. Overall, these findings suggest that
A. melanocarpa may serve as a valuable anti-inflammatory
agent.

4.7. Hepatoprotective Effects. Aronia is notable for its po-
tential hepatoprotective qualities in addition to its crucial
applications. Research is still being done to determine the
exact processes via Aronia may benefit liver health and how
it might be used in functional foods that support liver health.
In a study with rats, anthocyanins from chokeberries re-
duced the toxicity and buildup of cadmium in the liver and
kidney of the animals when these components were fed to
them [146]. This might provide evidence for the theory that
anthocyanins can chelate metal ions, which could lessen the
harm caused by cadmium. Remarkably, after acute exposure
to carbon tetrachloride (CCl4), rats also showed signs of
a hepatoprotective benefit from Aronia juice [147]. The
production of extremely reactive trichloromethyl free rad-
icals by cytochrome P450 is the basis for the liver cyto-
toxicity caused by CCl4. Lipid peroxidation, which results in
cell death, is triggered by the interaction of the CCI3 radical
with oxygen. The amount of malondialdehyde in rat liver
and plasma decreased, indicating that Aronia juice suc-
cessfully countered the rise in lipid peroxidation brought on
by CCl4. This suggests that the observed protective effect of
Aronia juice is likely due to its anthocyanins and/or other
phenolic compounds’ ability to scavenge free radicals
[17, 147]. However, in a different experiment, rats were
induced with CCl4 for 6 weeks, while being supplemented
with silymarin and Aronia juice during the same period.
Supplements decreased lipid peroxidation and enhanced the
activity of antioxidant enzymes in the liver, according to the
findings. However, it was reported that this effect was solely
attributed to silymarin, with Aronia showing no significant
effect [148]. In another study, mice were exposed to alcohol
for 6 months to induce liver damage, followed by supple-
mentation with commercial A. melanocarpa for 6 weeks.
Results revealed that A. melanocarpa reduced liver damage
and increased antioxidant activities. Additionally, it was
reported that A. melanocarpa enhanced the activation of
antioxidant enzymes through the erythroid 2-like 2 (Nrf2)
protein pathway [149]. Based on these studies, further re-
search is needed to observe the hepatoprotective properties.

4.8. Other Effects. Inflammatory bowel diseases (IBDs) are
chronic illnesses of the digestive tract for which there is no
known etiology. The two primary forms of Crohn’s and
ulcerative colitis are identified among them [130]. The health
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of mice with ulcerative colitis was improved by black
chokeberry extract after they had treatment with dextran
sodium sulfate (DSS). Rats with colitis treated with black
chokeberry extract showed decreased levels of proin-
flammatory cytokines (TNF-a and IL-6), prostaglandin 2
(PGE2) in colon tissue, and epithelial cell and crypt colony
lesions. There is a strong possibility that the effect on
macrophages was related to the cytokines TNF-a and IL-6
decreasing. When LPS was used to activate peritoneal
macrophages, the extract prevented the overexpression of
TNF-a and IL-6. The formation of NO, which is responsible
for inflammatory alterations in the intestine and has cyto-
toxic activity due to its reactivity with ROS, was decreased
when macrophages were preincubated with extract [150].

Additionally, black chokeberry shows a lot of promise
for treating and preventing influenza [151]. Black choke-
berry alcoholic extract suppressed the growth of many in-
fluenza virus strains, including ones resistant to the antiviral
medication oseltamivir, depending on the concentration.
Over 60% of the viral strains were unable to develop when
exposed to black chokeberry extract. Hemagglutinin was
primarily responsible for black chokeberry juice’s ability to
prevent influenza virus proliferation. Black chokeberry ex-
tract significantly reduced virus in the lungs and lowered
mortality in influenza-infected mice [117].

The antioxidative properties of black chokeberry, as
observed in the study by Skoczynska et al., may affect proper
erythrocyte function. The consumption of commercial black
chokeberry juice also resulted in an increased share of
PUFAs in erythrocyte membranes, indicating protection
against oxidation. Similarly, PUFA concentration and
antioxidative efficacy of erythrocytes were significantly in-
creased in obese women who took 100 mL of commercial
black chokeberry juice with glucomannan daily for 4 weeks.
These findings suggest a link between the antioxidative
properties of black chokeberry and improvements in
erythrocyte function. Also, Kardum et al. have reported that
the consumption of black chokeberry showed an important
decrease in blood pressure [52, 152].

Based on these studies, it can be said that the increasingly
popular consumption of black chokeberry may have ther-
apeutic effects on chronic hypertension, cholesterol, etc., in
addition to the previously mentioned effects (Table 1)
[197, 198].

5. Black Chokeberries as a New Functional Food

Functional foods, which are defined by health advantages
that go beyond the basics of nutrition, present difficulties for
the traditional strategy of concentrating only on specific
nutrients found in food. Consistently, epidemiological re-
search has shown that a regular or higher fruit consumption
is linked to improved general health and well-being as well as
a lower risk of chronic illnesses. The wide range of bioactive
substances, such as phytochemicals, antioxidants, vitamins,
and minerals, that are present in fruits provides the scientific
foundation for these health advantages [199].

There are a number of pathways linked to fruit con-
sumption’s possible health benefits. Fruits include
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antioxidants including polyphenols and flavonoids that help
fight against inflammation and oxidative stress, two factors
linked to the onset of chronic illnesses. Furthermore, fruits’
high fiber content helps with blood sugar control, weight
management, and better gastrointestinal health [200].

A vast amount of research is being done in the gov-
ernment, business, and academic sectors in order to answer
the increased demand in utilizing fruits’ health benefits. The
purpose of this research is to discover certain bioactive
chemicals found in fruits, comprehend their modes of ac-
tion, and investigate novel ways to incorporate these
compounds into meals that are typically consumed by
consumers. The creation of innovative functional food
products that provide and preserve the nutritional value of
fruits in easily digestible forms is being made possible by
developments in food science and technology [201].

Together with vitamins and minerals, the fruit and leaves
of A. melanocarpa are a notable source of a wide variety of
bioactive chemicals, primarily polyphenolic compounds. In
the late 20th century, black chokeberries gained high value
globally, primarily contributing to large-scale manufactur-
ing of juices, jams, and wines while serving as a rich source of
naturally occurring food coloring (Figure 7). The functional
food sector has witnessed a surge in the popularity of black
chokeberries due to the previously mentioned health ben-
efits associated with this berry fruit [204]. Due to their bitter
flavor, black chokeberries are seldom consumed fresh or
uncooked. Instead, the small, black, cherry-like berries that
make up chokeberries” edible sections find extensive use in
the food sector for the production of juices, sauces, jams,
fruit teas, and dietary supplements (Table 2) [202, 203].

Aronia fruits, characterized by a high anthocyanin
content, are valuable additions to teas, liqueurs, and
antioxidant-rich drinks [209, 210]. Their substantial abun-
dance of anthocyanins suggests their potential as a key el-
ement in commercial juices requiring high flavonoid levels
[211]. Furthermore, the widely acknowledged limited ab-
sorption of anthocyanins in the small intestine enhances
their appeal in the food and beverage industry. The utili-
zation of black chokeberries, especially in processed forms,
reflects their versatile applications, ranging from the pro-
duction of dietary supplements to enhancing the color and
nutritional content of various food products [212].

Pharmaceutical companies use chokeberry extracts to
make syrups and dietary supplements. Because Aronia
berries have a high pectin content, they are a great addition
to mixed jams made with other low-pectin fruits. Addition
of chokeberry fruits or preparations can improve the anti-
oxidant content, color, or flavor of jams [213]. Moreover,
A. melanocarpa berries are a notable source of anthocyanins,
which can be utilized as a natural, safe food coloring among
grapes (Vitis sp.) and roselle (Hibiscus sabdariffa) [211].

When compared to the most popular berry teas, Aronia
berry fruit teas were discovered to be a valuable source of
flavonoids and anthocyanins. In a study by Denev et al., the
contents of 23 Aronia samples collected from different
climate conditions were investigated. It was also investigated
whether there was a correlation between the chemical
composition of berries and the chemical content and
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TaBLE 1: Summary of the protective effects of black chokeberry fruit in relation to chronic diseases.
Health Benefits . Arfmla and its Health outcome References
bioactive components
- Reduce inflammation and oxidative stress [153]
- Impact on immunomodulatory effects [154]
- Enhancement in lipid profiles [155]
Anthocvanins - Reduce oxidative stress [156, 157]
Y - Reduce inflammatory markers [158, 159]
- Impact on lipid profile
- Reduce oxidative status [98]
- Reduce blood pressure
Anthocyanins/phenolic-rich - Reduction of platelet lipid peroxidation [160]
extract - Reduce oxidative/nitrative stress
Antioxidant activity - Reduce pro-oxidative molecules [161]
- Increase antioxidant defense
- Affect inflammatory markers [162]
- Reduce plasma total and low-density lipoprotein [163]
Polyphenols rich extract - Reduce the activity of angiotensin I-converting enzyme [164]
- Function as a hypotensive compound
- Impact on oxidative status
- Reduce blood pressure [165, 166]
- Show cytotoxic effects (108, 109]
. - Protective effects against DNA damage
Aronia - Reduction in plasma LDL and total cholesterol levels [167]
Crude phenolic extract Y . .
Purified phenolic-rich extract - Inhibitory function against colon cancer cells [168]
Anthocyaplns - Beneficial impact on plasma thiol levels in breast cancer patients [169]
Flavonoids
Phenolic-rich extract - Reduce oxidative/nitrative stress in platelets [170]
Aronia extract - Exhibit antiproliferative effects on breast cancer cells [171]
Aronia leaf extract - Inh}b%t prohfe‘rano.n of cancer cells [145]
- Inhibit cell migration
Anthocyanins/phenolic acid - Enhance the antitumor immune response (172]
Proanthocyanidins - Modulate immune response [143]
- Exhibit cytotoxic and pro-oxidative effects [126]
Anticancer activity - Function as a therapeutic agent [173]
Anthocyanins - Inhibit colon cancer by regulating glutamine metabolism
- Inhibit cell prohferauon. [124, 174]
- Induce cell cycle arrest in colon cancer cells
Anthocyanins
Proanthoc'yanl.dms - Inhibit proliferation of colon cancer cells [175]
Phenolic acid
Flavonoids
Phenolic acids .
Flavonoids - Show cytotoxic effects [109, 176]
Anthocyanins - . .
Flavonoids - Induce apoptosis in pancreatic cancer cell line [177]
Anthocyanins - Exhibition antibacterial activity [91, 110]
Proanthocyanidins .. . .. . [178]
- Antimicrobial activity against pathogens [111]
Antimicrobial Aronia extract - Inhibition food pathogenic and spoilage bacteria (116]
Anthocyamp N - Prevention of biofilm formation [113]
Proanthocyanidins
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TaBLE 1: Continued.

Aronia and its

Health Benefits S Health outcome References
bioactive components
Antimutagenic Anthocyanins - Inhibit mutagenic activit [132]
g Y 8 Y
Phenolic-rich extract - Improve hepatic insulin resmtancg . (138]
- Reduce blood glucose and serum insulin levels
- Decrease serum glucose levels [140]
Aronia extract - Modulate blood lipid level
- Exhibit hypoglycemic activity (179]
- Inhibit amylase and glucosidase [180]
- Decrease hyperglycemia and hypertriglyceridemia [136]
- Decrease plasma triglycerides
- Block the accumulation of lipids within white adipose tissues in
L . (106, 181]
Aronia juice both normal and obese mice
- Modulate blood glucose [182]
- Reduce hemoglobin Alc levels
Antidiabetic effects - Inhibit glucosidase [183]
- Regulate blood glucose [184]
- Improve hyperinsulinemia
Anthocyanins - Protect pancreatic B-cells
- Modulate oxidative stress (185]
- Exhibit antioxidant function
- Exhibit immunomodulatory function [186]
- Protection against insulin deficiency
- Reduce cholesterol level (187]
Polyphenolic extract - Exhibit hypoglycemic activity
- Reduce adipogenesis
- Modulate glucose tolerance (188]
- Modulate lipid levels
- Interleukin-6 secretion prevention [142]
- Interleukin-10 excretion promotion
- Significant anti-inflammatory effect on rats with
. endotoxin-induced uveitis [144]
. Aronia extract . . . .
Anti-inflammatory - Antiocular inflammatory action relation
effects - Decrease ICAM-1 and VCAM-1 expression levels [11]
- Decrease mRNA expression levels of ICAM-1 and VCAM-1
- Increase in adiponectin levels [105]
Aronia juice - Anti-inflammatory effects on swollen paws [143]
Aronia leaves - Decrease expression levels of TNF-a and interleukin-6 [145]
- Regulate blood pressure
Aronia extract - Reduce glycemia [106]
- Modulate lipid profile
Aronia juice - Decrease in anxiety and depression-like symptoms in rats [189]
Aronia extract - Antineurodegenerative activity [179]
Aronia juice - Reduce lipidemia [190]
R - Decrease LDL fraction
Aronia juice - Regulate total cholesterol levels [191]
Other studies Aronia juice - Decrease systemic inflammation [192]

Polyphenols
Phenolic-rich extract

Anthocyanins

Phenolic-rich extract

- Modulate fatty acid and lipid concentration
- Regulate gut microbiota

- Modulate lipid metabolism

- Reduce liver disease symptoms

- Modulate gut microbiota [(194]
- Reduce expression of cytokines and adhesion molecules [195]
- Modulate inflammation in vascular endothelial cells

- Free radical scavenger activity [196]

antioxidant activity of Aronia functional drinks. They dis-
covered that the variations in the chemical content of the
fruits produced functional foods with markedly different
chemical profiles and antioxidant capacities [74]. Using

liquid chromatography coupled with electrospray-ionization
quadrupole time-of-flight mass spectrometry (LC-ESI-
QTOF/MS) and high-performance liquid chromatography
with diode-array detection (HPLC-DAD), the bioactive
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Black chokeberries
Dairy products as a new functional Aronia-based
sweeteners
Bakery products Food supplements
Beverages
FIGURE 7: Aronia-based functional foods in the food industry [202, 203].

TaBLE 2: Studies of Aronia containing functional foods development.

. Aronia and its Functional property and
Functional food category property References

bioactive components

potential health benefits/outcomes

Chokeberry juice Aronia berries Increased antioxidant capacity (18]
Snack pellets Aronia berries Increased antioxidant capacity and reduced fat absorption index [205]
Yogurt Fermented Aronia juice Increased antioxidant capacity [206]
Tea Aronia berries as powder Increased antioxidant capacity [104]
Kefir Fresh Aronia juice Increased antioxidant capacity [207]
Milk Aronia berries as powder Increased antioxidant capacity and higher acceptability [208]

phenolics in Aronia berry teas that were developed as
functional beverages were found in a related investigation.
Researchers came to the conclusion that new nutritive tea
products made with Aronia berries might be assessed as
novel teas and used as valuable antioxidant sources in the
functional food industry [104].

Moreover, fruit extracts, juices, and powders have po-
tential as useful components in the food industry, partic-
ularly in the dairy sector [214]. Studies have examined how
various plant materials added as functional ingredients affect
yogurt’s antioxidant qualities and overall qualities. In a study
by Nguyen and Hwang, yogurt enriched with 1%, 2%, and
3% Aronia juice was examined for its qualitative attributes
and antioxidant activity. It was discovered that as the
amount of Aronia juice increased, so did the overall poly-
phenol and flavonoid concentrations. Their findings sug-
gested that Aronia juice might be a helpful addition to
enhance yogurt’s flavor and antioxidant capacity [206].

Black chokeberry has gained appeal as an herbal med-
icine in addition to being used in the culinary business. It is
widely used as an all-natural remedy to lower blood pressure
and prevent atherosclerosis. For instance, North American
native black chokeberry bushes have long been used me-
dicinally to cure fever, coughing, and colds [215].

According to the in vitro and in vivo studies, black
chokeberries have a high edible value and excellent devel-
opment potential for their products. The majority of the
nutritional value and health advantages of black choke-
berries are derived from their exceptional antioxidant
properties, making them one of the most abundant sources
of ingestible polyphenols. Additionally, it is anticipated that
customers’ demand for functional foods will grow as black

currant food products become more and more popular. To
evaluate the health potential, safety, and modes of action of
chokeberries, however, as with other natural plants and
therapeutic items, a thorough investigation is necessary.

6. Conclusion Remarks Future Remark

Black chokeberry contains a variety of bioactive substances
with numerous health-promoting qualities. Recent research
has revealed that the consumption of black chokeberry
products offers various health benefits, particularly in re-
lation to cardiovascular disorders, hyperlipidemia, hyper-
cholesterolemia, hypertension, and diabetes. Beyond its
impact on erythrocyte function and homeostasis, black
chokeberry has therapeutic effects on both of these pa-
rameters in individuals with metabolic syndrome. Fur-
thermore, research has demonstrated black chokeberry’s
anti-inflammatory and antimutagenic actions, as well as
its ability to counteract the harmful effects of exogenous
substances in the human body. A potential preventive
measure against leukemia, intestinal, breast, and other
cancers is the ability of black chokeberry to hinder the
formation of cancer stem cells.

Thus far, research has revealed numerous benefits of
incorporating black chokeberries into the regular diet. Due
to the possible health advantages of black chokeberry fruit
and its derivatives, all of the fruit's components may find
usage in the food sector as a valuable source of antioxidants
and nutrients. In summary, chokeberry, a lesser-known
berry, is one of the richest plant sources, especially for
phenolic components such as procyanidins and anthocya-
nins. Numerous potential medical and therapeutic effects
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seem to be related to the high concentration of phenolic
components and their pattern. More research is required to
comprehend the positive benefits documented thus far from
a mechanistic perspective as well. Nonetheless, it would be
ideal if Aronia food products became more widely known,
expanding the range of nutritious berry fruits available to
customers in the future.
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