
Citation: Go, M.Y.; Kim, J.; Jeon, C.Y.;

Shin, D.W. Functional Activities and

Mechanisms of Aronia melanocarpa in

Our Health. Curr. Issues Mol. Biol.

2024, 46, 8071–8087. https://

doi.org/10.3390/cimb46080477

Academic Editor: Yanfang Li

Received: 7 May 2024

Revised: 21 July 2024

Accepted: 23 July 2024

Published: 26 July 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Review

Functional Activities and Mechanisms of Aronia melanocarpa in
Our Health
Min Young Go †, Jinsick Kim †, Chae Young Jeon and Dong Wook Shin *

Research Institute for Biomedical and Health Science, Konkuk University, Chungju 27478, Republic of Korea;
rhalsdud1011@kku.ac.kr (M.Y.G.); jindoli477@kku.ac.kr (J.K.); young4mam@kku.ac.kr (C.Y.J.)
* Correspondence: biocosmed@kku.ac.kr; Tel.: +82-43-840-3693
† These authors contributed equally to this work.

Abstract: Aronia melanocarpa, known as black chokeberry, is rich in polyphenols, comprising flavonoids,
such as anthocyanins, flavanols, and flavonols, and phenolic acids, such as chlorogenic acid. These
polyphenols endow Aronia melanocarpa with preventive and therapeutic properties against various
human diseases. Aronia melanocarpa has beneficial effects against diseases such as diabetes, inflam-
mation, and hypertension. Considering the diverse functional components of Aronia melanocarpa, its
efficacy in disease prevention and treatment can operate through multiple pathways, offering a more
robust approach to disease control. This review covers the latest research results on the functional
components of Aronia melanocarpa and their effects on human diseases.
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1. Introduction

Aronia melanocarpa, scientifically known as black chokeberry, belongs to the Rosaceae
family and hails from the eastern regions of North America. Native Americans highly value
Aronia melanocarpa, used to brew tea to treat colds and its bark as an astringent [1,2]. Due
to their sour taste and astringent nature, Aronia melanocarpa pomes are seldom consumed
fresh. Instead, they have gained popularity for their use in the mass production of juices,
jams, wines, liqueurs, and schnapps [3,4].

The berries of Aronia melanocarpa, commonly known as Aronia berries, exhibit a range
of bioactivities that are advantageous for human health. Studies have revealed that Aronia
berries are rich in phenolic compounds, comprising procyanidins, anthocyanins, phenolic
acids, and their derivatives [5–7]. These bioactive compounds account for biological effects
associated with Aronia fruits and indicate the potential for identifying valuable therapeutic
agents. Aronia melanocarpa confers numerous health benefits, including anti-inflammatory,
anti-cancer, anti-diabetic, and anti-atherosclerotic properties [5–7].

Polyphenols constitute the most important antioxidants in the human diet [8,9].
Among various berry fruits, Aronia melanocarpa stands out as one of the richest sources
of polyphenols [10]. These polyphenols possess diverse functional properties, potentially
aiding disease prevention and treatment. These functionalities primarily originate from
the potent antioxidant activity of polyphenols, which scavenge free radicals and play a
notable role in relieving certain chronic diseases. The polyphenolic composition of Aro-
nia melanocarpa undergoes notable changes throughout fruit development and ripening,
with unripe fruits exhibiting the highest total polyphenol content [11]. These polyphe-
nols are classified into two groups: flavonoids and phenolic acids. Flavonoids include
anthocyanins, flavanols, and flavonols, whereas phenolic acids predominantly consist of
chlorogenic acid and its isomers. Proanthocyanidins were identified as the primary contrib-
utors to the antioxidant activity of Aronia melanocarpa, considering the individual phenolic
content in the fruits [12]. Cyanidins, in combination with various glycosides, are the ma-
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jor anthocyanins in Aronia melanocarpa [13]. Analysis of anthocyanin content indicates
cyanidin-3-O-arabinoside and cyanidin-3-O-galactoside as the primary anthocyanins [14].

Cyanidin-3-galactoside is a prominent phenolic compound in Aronia melanocarpa,
correlating with enhanced antioxidant and radical-scavenging properties [14].

Flavonols are primarily composed of quercetin, which is bound to various glycosides.
Phenolic acids are less diverse than flavonoids, with chlorogenic and neochlorogenic
acids being their primary constituents [15–17]. Quercetin and epicatechin, which are
minor phenolic compounds, exhibit the highest antioxidant activity [18]. The total phenol,
flavonoid, and proanthocyanidin levels in Aronia melanocarpa extracts surpass those in
blueberry extracts.

This review focuses on the beneficial effects of Aronia melanocarpa in various human
diseases, including diabetes, heart disease, neuronal disease, and even aging. We also
explore the mechanisms of action, molecular targets of the active compounds, and their
clinical trial investigations of Aronia melanocarpa, highlighting its advantageous health
properties (Figure 1).
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2. Materials and Methods
2.1. Search Strategy

Until 24 June 2024, we searched PubMed for published articles that investigated the
effects of Aronia melanocarpa on health. To reflect the latest research, we limited the study
timeframe from 2014 to the present (within ten years). The search combined the key-
words “Aronia melanocarpa”, “blackberry”, “phenolic acid”, “polyphenol”, “anthocyanin”,
“inflammation”, “diabetes”, “heart disease”, “neuronal disease”, and “aging”.

2.2. Selection of Studies

Records were chosen by title and/or abstract to exclude studies that did not help an-
swer the question in this review. Inclusion criteria: (1) published in English; (2) intervention
included Aronia melanocarpa; (3) cell signaling.
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3. Beneficial Health Effects of Aronia melanocarpa
3.1. Antioxidant Effects

The leaves of Aronia species possess notable antioxidant capacity, suggesting poten-
tial therapeutic and dietary benefits [19]. The extracts and various phenolic compounds
derived from Aronia berries demonstrated radical scavenging activity. Additionally, they
inhibited 15-lipoxygenase and xanthine oxidase, enzymes known for their peroxidative
and prooxidative roles in generating reactive oxygen species (ROS) [19].

Several minor phenolic compounds isolated from Aronia berries exhibit potent antiox-
idant activity in a hydroxyl radical-scavenging assay. Notably, the presence of the catechol
group within these compounds appears to be crucial for mediating such antioxidant prop-
erties [20].

Proanthocyanidins are responsible for 40% of Aronia melanocarpa in vitro antioxidant
activity, followed by anthocyanins (24%), hydroxycinnamic acids (18%), and epicate-
chins (11%). Procyanidins are superior antioxidants compared to their corresponding
monomers [21,22]. Green and unripe Aronia melanocarpa exhibit the highest antioxidant
activity owing to their elevated levels of procyanidins and flavonoids [23,24]. Cyanidin-3-O-
arabinoside exhibits the most potent radical-scavenging properties among the anthocyanins
found in Aronia melanocarpa, demonstrating strong inhibition of pro-oxidative enzymes [25].
Anthocyanins from black Aronia melanocarpa, specifically cyanidin-3-O-galactoside, were
isolated. Cyanidin-3-O-galactoside from Aronia melanocarpa exhibited significantly higher
antioxidant capacity compared to other individual anthocyanins. Furthermore, oral admin-
istration of Aronia melanocarpa with cyanidin-3-O-glucoside and cyanidin-3-O-galactoside
resulted in immunomodulatory effects on the functional activity of phagocytes in vivo [26].
Additionally, another study reported that the daily consumption of 150 mL of juice by row-
ers engaged in physical exercise during a 1-month training camp reduced exercise-induced
oxidative damage to red blood cells [27]. Aronia melanocarpa extracts hindered the differ-
entiation of osteoclasts induced by RANKL by diminishing ROS production, deactivating
the JNK/ERK/p38 pathways, and the nuclear factor kappa B (NF-κB)-mediated c-Fos and
NFATc1 signaling pathways [28].

These findings indicate that Aronia melanocarpa extracts are promising sources of
natural antioxidants and functional food components (Table 1).

3.2. Anti-Inflammatory Activity

The anti-inflammatory properties of Aronia melanocarpa fruit are involved in the pre-
vention of chronic diseases, including diabetes, cardiovascular diseases, and immune
system disorders [29]. Key pro-inflammatory enzymes, including cyclooxygenases (COXs)
and inducible nitric oxide synthase (iNOS), play crucial roles in the synthesis of lipid
mediators and nitric oxide (NO), contributing to the progression of numerous inflamma-
tory conditions [30]. Aronia melanocarpa extracts showed anti-inflammatory effects on rat
endotoxin-induced uveitis [31].

In vitro experiments suggest that the extract’s anti-inflammatory action on ocular
inflammation may involve inhibiting NO, prostaglandin, and tumor necrosis factor (TNF)
production, achieved through downregulating iNOS and COX-2 enzymes. Extracts inhibit
the pro-inflammatory response in human aortic endothelial cells [32]. In addition, a
previous study revealed a therapeutic use of Aronia melanocarpa bioactive fraction in treating
various inflammatory airway disorders. Besides reducing iNOS and COX-2 expression,
their study offered clear evidence of anti-inflammatory activity through attenuating ROS
secretion and induction of cell cycle arrest [33].

Cyanidin-3-O-galactoside and caffeoylquinic acid inhibited the release of TNF-α,
interleukin (IL)-6, and IL-8 in human peripheral monocytes and the NF-κB pathway
in lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages. Additionally, choke-
berry synergistically interacted with sodium selenite to inhibit NF-κB activation, cytokine
release, and prostaglandin E2 (PGE2) synthesis [34]. Procyanidins C1, B2, and B5 in
proanthocyanidin-rich fractions inhibited NO production in LPS-stimulated RAW 264.7
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macrophages [35]. These data indicate that Aronia melanocarpa relieves the inflammation
associated with various diseases.

Table 1. Role of Aronia melanocarpa as antioxidant and anti-inflammatory effects.

Type of Aronia Extracts
(Key Component) Disease Cell or Animal

Type
Stimulus

(Intensity)

Working Conc.
(Range) for
Duration

Mode of Action References

chokeberry
juice antioxidant human - 50 mL

(4 weeks)
↓TBARS
↑SOD [27]

Aronia melanocarpa antioxidant RAW 264.7 RANKL 50 ng/mL

↓NF- κB
↓c-Fos
↓NFATc1
↓MAPKs

[28]

Aronia crude extract
antioxidant aqueous humor

of Lewis rats LPS 100 µg each
footpad

↓NO
↓PGE2
↓TNF-α [31]

anti-
inflammatory RAW264.7 LPS 10 µg/mL ↓ iNOS

↓ COX-2

Aronia Melanocarpa fruit
extract

anti-
inflammatory HAECs TNFα 10 µg/mL

↓ICAM-1
↓VCAM-1
↓NF-κB
↓ROS

[32]

Aronia bioactive fraction
(ABF)

anti-
inflammatory BEAS-2B LPS 1 µg/mL

↓TNF-α
↓IL-6,-8,-1β
↓CCL5
↓COX-2, iNOS
↓ROS

[33]

Aronia melanocarpa (Michx.)
Elliot concentrate

(cyanidin-3-O-galactoside,
caffeoylquinic acids)

anti-
inflammatory

human peripheral
monocytes

RAW 264.7

LPS 10 ng/mL

↓TNF-α
↓IL-6, IL-8
↓NF-kB
↓PGE2

[34]

Aronia melanocarpa
(procyanidins C1, B5, B2)

anti-
inflammatory RAW 264.7 LPS 500 ng/mL ↓NO [35]

Human bronchial epithelial cells (BEAS-2B), Cyclooxygenase-2 (COX-2), Human aortic endothelial cells (HAECs),
Intercellular Adhesion Molecule-1 (ICAM-1), Inducible nitric oxide synthase (iNOS), Lipopolysaccharide (LPS),
Mitogen-activated protein kinases (MAPKs), NO (Nitric Oxide), Prostaglandin E2 (PGE2), Reactive Oxygen
Species (ROS), Superoxide dismutase (SOD), Thiobarbituric acid-reactive substances (TBARS), total cholesterol
(TC), tumor necrosis factor-α (TNF-α), vascular cell adhesion molecule 1 (VCAM-1). “↑” increased; “↓” decreased.

3.3. Anti-Obesity Effects

Abnormal fat accumulation in overweight and obese individuals poses potential health
risks [36]. These conditions are major risk factors for diabetes and cardiovascular diseases.
Kim et al. demonstrated that treatment with Aronia melanocarpa extracts in high-fat diet
(HFD)-induced obese mice led to notable decreases in body weight, serum triglyceride
(TG), and low-density lipoprotein (LDL) cholesterol levels, along with improved insulin
sensitivity compared to that in the controls [37]. They also revealed that fermented Aronia
melanocarpa enhanced insulin sensitivity and alleviated weight gain induced by an HFD in
male C57BL/6J mice. The fermented Aronia melanocarpa-treated group exhibited improved
glucose tolerance and increased insulin sensitivity compared to the non-fermented group.
The administration of Aronia melanocarpa polyphenol effectively decreased NO and pro-
inflammatory cytokines (MCP-1, TNF-α, IL-1β, and IL-6) production in LPS-induced
RAW264.7 cells while concurrently mitigating oxidative stress by adjusting glutathione
peroxidase (GSH-Px), malondialdehyde (MDA), and catalase levels. This supplementation
also improved obesity and glucose tolerance and decreased systemic inflammation in
HFD-fed rats [38]. Wistar rats subjected to a high-fructose diet and then treated with Aronia
melanocarpa extracts exhibited a reduction of epididymal fat, blood glucose, TG, cholesterol,
and LDL-C levels. The extracts also increased plasma adiponectin levels and suppressed
TNF-α and IL-6 [39].
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Aronia melanocarpa displayed significantly reduced liver TG levels and notably lower
expression levels of acetyl-CoA carboxylase, fatty acid synthase, and sterol regulatory
element-binding protein in the liver of an HFD model than in the control group [40].
Another previous study examined the impact of 3-month supplementation with Aronia
melanocarpa-based functional beverages on the lipid profile of aging rats. The aged control
group exhibited age-related dyslipidemia characterized by reduced high-density lipopro-
tein (HDL)-C levels and elevated TG levels. The supplemented groups demonstrated a
notable increase in HDL-C levels and decreased TC/HDL-C and LDL-C/HDL-C indices
compared with the control group [41].

Phytochemical examination revealed that the primary components of the fermented
Aronia melanocarpa showed a notable decline in cyanidin glycosides (3-glucoside and
3-xyloside) throughout the fermentation process [42]. Mice-fed Aronia berries containing
phenolic phytochemicals, such as cyanidin 3-glycoside and chlorogenic acid, exhibited
a significantly lower total visceral fat content than those supplemented with bilberry
phytochemicals. Additionally, fasting blood glucose levels were significantly reduced
in mice fed with Aronia phytochemicals for 4 weeks [43]. Significant body weight and
food intake reductions were observed when C57BL/6N mice received daily oral doses
of a cyanidin-3-O-galactoside-enriched extract from Aronia berries for 8 weeks. This
treatment also resulted in a decline in serum leptin, insulin, TG, total cholesterol, and LDL
cholesterol levels [44]. Daily intake of 500 mg of Aronia extract reduced TC and LDL-C
levels in smokers. The cholesterol-lowering activity was most closely associated with the
urinary levels of the methylated metabolites cyanidin-3-O-galactoside and peonidin-3-O-
galactoside [45].

Extracts from Aronia melanocarpa berries, rich in anthocyanins, hindered NF-κB activa-
tion induced by LPS in RAW 264.7 cells and mouse bone marrow-derived macrophages.
Supplementation with Aronia melanocarpa berry extract showed a trend toward decreased
fasting serum glucose levels. This supplementation significantly inhibited the phospho-
rylation of NF-κB p65 in epididymal adipose tissue, accompanied by a decrease in the
expression of Cd11b and TNF-α mRNAs in epididymal stromal vascular fraction cells [46]
(Table 2).

3.4. Anti-Diabetic Effects

Aronia melanocarpa offers a promising option for managing diabetes as it effectively
enhances glucose metabolism. In a Wistar rat model of type 2 diabetes mellitus (T2DM),
daily oral administration of Aronia berry ethanol extract for 8 weeks significantly reduced
blood glucose, serum insulin levels, and insulin resistance. Glucose tolerance and hepatic
glycogen levels were also elevated [47]. Another study suggested that Aronia juice inhibited
the increase in postprandial blood glucose levels by suppressing dipeptidyl peptidase IV, α-
glucosidase, and angiotensin-converting enzymes, which play important roles in regulating
carbohydrate metabolism and the onset of diabetes, respectively [48]. Aronia melanocarpa
extract effectively ameliorated blood glucose levels and hyperinsulinemia in T2DM mice.
In the liver of T2DM mice treated with this extract, a reduction was observed in ROS,
IKKβ/NF-κB p65, and JAK2/Stat3/5B signaling pathways, leading to a decrease in the
expression levels of iNOS, suppressor of cytokine signaling 3 (SOCS3), and inflammatory
mediators. Furthermore, this extract-induced improvement in hyperinsulinemia resulted
in the downregulation of SOCS3 by reducing phosphorylated-Stat5B in hepatocytes. This
extract also promoted glucose uptake and metabolism while mitigating hepatocyte enlarge-
ment and inflammatory cell infiltration in the livers of T2DM mice [49]. In patients with
T2D, the consumption of phenol-rich Aronia juice along with standard diabetic therapy
resulted in improved health status. These findings suggest that Aronia juice is a promising
agent for preventing and treating diabetes mellitus [50].
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Aronia berries exhibited favorable effects in managing type 1 diabetes (T1D). T1D
arises from an autoimmune response that damages the pancreatic β cells, leading to insuffi-
cient insulin production. Thus, T1D necessitates insulin supplementation and is associated
with severe organ dysfunction owing to elevated blood glucose levels. Moreover, a previ-
ous study revealed that their antidiabetic effects, including those of the leaf extracts, are
often observed in a streptozotocin-induced diabetic T1D model [51]. Oral administration of
chokeberry juice for 6 weeks significantly reduced plasma glucose levels [51]. In the animal
T1D model, Aronia berry ethanol extract administration reduced blood glucose levels
and preserved pancreatic β cells. These findings suggest that Aronia berry consumption
may offer protective effects for pancreatic β cells and could be a therapeutic approach for
treating T1D [52].

Supplementation with 0.2% Aronia melanocarpa fruit extract reduced maltase and su-
crase activities while increasing lactase activity in the small intestinal mucosa. Additionally,
ingestion of the extract improved the antioxidant status, notably normalizing the concen-
tration of a lipid peroxidation indicator (thiobarbituric acid-reactive substances) in organ
tissues, such as the liver, kidney, and lung. Furthermore, cholesterol-lowering and distinct
hypoglycemic effects were observed [53].

A previous clinical study investigated the impact of a 4-week supplementation regi-
men with Alixir 400 PROTECT® (Standardized Aronia L. mlanocarpa Extract-SAE, Belgrade,
Serbia) on clinical and biochemical parameters in individuals diagnosed with metabolic
syndrome. Increased SAE intake is associated with favorable effects on body weight, TC,
LDL, HDL, blood pressure, and glycemia [54]. Natural phenolic products regulate carbo-
hydrate and lipid metabolism, blood sugar levels, and insulin resistance while mitigating
oxidative stress and inflammation. Consequently, they have attracted significant attention
for their potential in managing and preventing diabetes [55].

Aronia berries may exert anti-diabetic effects by alleviating hyperglycemia-induced
oxidative stress (Table 2).

Table 2. Role of Aronia melanocarpa as anti-obesity and anti-diabetes.

Type of Aronia Extracts
(Key Component) Disease Cell or Animal

Type
Stimulus

(Intensity)

Working Conc.
(Range) for
Duration

Mode of Action References

Aronia melanocarpa
(Amygdalin, prunasin) Obesity

3T3-L1 cells insulin
(10 µg/mL) 10 µM ↓C/EBPα, PPARγ,

↓SREBP1c
↓TG, LDLC

[37]
C57BL/6J mice HFD 100, 200 mg/kg

Aronia melanocarpa L. Obesity RAW264.7 cells LPS -

↓NO
↓TNF-α
↓IL-1β, IL-6
↓MCP-1

[38]

Chokeberry extract
(anthocyanins) Obesity Wistar rats FRD 100, 200 mg/kg

↓TG, cholesterol,
LDL
↓TNF-α, IL6

[39]

Aronia melanocarpa (AM) Diabetes Wistar rats - 10 mL/kg (3
months)

↑HDL-C
↓LDL-C [41]

Aronia melanocarpa
(fermented) Obesity C57BL/6J mice HFD 100 mg/kg ↓TG, FoxO1 [42]

Aronia melanocarpa E. Diabetes
Male

sprague-Dawley
rats

- 300 mg/kg (every
day for 4 weeks)

↓TG
↓hyperglycemia [43]

Aronia melanocarpa
extract (cyanidin-3-O-

galactoside)
Obesity C57BL/6N mice HFD 50–200

mg/kg

↑HSL, β3-AR
↓C/EBPα, PPARγ,
↓SREBP1c

[44]
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Table 2. Cont.

Type of Aronia Extracts
(Key Component) Disease Cell or Animal

Type
Stimulus

(Intensity)

Working Conc.
(Range) for
Duration

Mode of Action References

anthocyanin-rich aronia
berry extract (ARN)

Obesity&
inflammation RAW 264.7 LPS 0.2%

↓ NF-κB
↓COX-2, iNOS
↓Glut1, G6pdh

[46]

Aronia melanocarpa
berry extract (AMBE) Diabetes Wistar rats STZ 100, 400 mg/kg

↑IRS-2, P13K
↑AKT, GSK-3β,
GLUT2
↓IL-1β, IL-6,
TNF-α, ROS

[47]

Aronia juice Obesity C57BL/6JmsSlc
KK-Ay mice - 28 days

↓GIP,
α-glucosidase
↓DPP IV

[48]

Aronia melanocarpa
Anthocyanin Extracts Diabetes C57BL/6J male

mice STZ 150~300 mg/kg

↓SOCS3
↓iNOS
↓JAK2/STAT3
↑GLUT-4, GSK-3β

[49]

Aronia berry extract
(70% ethanol) Diabetes ICR mice STZ 10 mg/kg,

100 mg/kg

↓MAPK
↓NF-κB
↓COX-2, iNOS

[52]

chokeberry fruit extract Diabetes Wistar rats STZ 20 mg/kg
(4 weeks)

↓SOD
↓cholesterol [53]

Beta 3 Adrenergic Receptor (B3-AR), Fructose-rich diet (FRD), High-fat diet(HFD), CCAAT Enhancer Binding Pro-
tein Alpha (CEBP-α), Dipeptidyl Peptidase-IV (DPP-IV), Forkhead box protein O1 (FOXO1), Glucose-dependent
insulinotropic polypeptide (GIP), Hormone-sensitive lipase (HSL), Low-density lipoprotein (LDL), Peroxisome
proliferator-activated receptor (PPAR), Reactive oxygen species (ROS), Sterol regulatory element binding protein-
1c (SREBP1c), Triglycerides (TG), Tumor necrosis factor-α (TNF-α). “↑” increased; “↓” decreased.

3.5. Anti-Cancer Effects

Comparative analysis revealed that Aronia melanocarpa extract showed superior growth
inhibition compared to the grape and bilberry anthocyanin-rich extracts [56]. A previous
study suggested that Aronia melanocarpa juice selectively induced programmed cell death in
T cell-derived lymphoblastic leukemia cells [57]. Aronia melanocarpa polyphenols regulated
the expression of key regulators involved in G2/M cell cycle transition and apoptosis.
Anticancer effects are primarily attributed to certain cyanidin glycosides, chlorogenic acids,
and quercetin derivatives. The cyanidin glycosides found in Aronia berries inhibited the
proliferation of HeLa cervical cancer cells and induced ROS production in these cells [58].
Phenolic compounds extracted from Aronia berries demonstrated significant antioxidant
and cytotoxic effects against HepG2 liver cancer cells [59]. A previous study demonstrated
that an anthocyanin-enriched blackberry extract exhibited antioxidant, anti-inflammatory,
and antiproliferative properties against HT-29 cells [60]. Anthocyanin extracts resulted in
60% inhibition of human HT-29 colon cancer cell growth and exhibited cell cycle arrest at
both the G1/G0 and G2/M phases [61]. The anthocyanins present in Aronia berries were
also observed to suppress the growth of Caco-2 colon cancer cells via the Wnt/β-catenin
signaling pathway [62]. Aronia berries exhibit promising potential against human colon
cancer. Extracts from commercially available fruits of red (Aronia arbutifolia (L.) Pers.),
purple (Aronia prunifolia (Marshall) Rehder), and black (Aronia melanocarpa (Michx.) Elliott)
chokeberry species were evaluated for their total phenolic content, antioxidant activity,
and growth inhibitory effects on HT-29 colon cancer cells. The results indicated that the
Aronia berries displayed activity against HT-29 cells, which correlated with the total phe-
nolic content, antioxidant activity, and concentrations of caffeic and chlorogenic acids [63].
Recently, two ester derivatives of ursolic acid, 3-O-trans- and -cis-p-coumaroyltormentic
acids, suppressed the growth of MCF-7 and MDA-MB-231 breast cancer cells and inhibited
mammosphere formation. This effect is achieved through the disruption of c-Myc expres-
sion, which is a crucial factor in cancer stem cell survival. These findings suggest that these
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triterpene esters exert potential inhibitory effects on breast cancer stem cells by targeting
the c-Myc protein [64]. Another study demonstrated that exposure to Aronia juice inhibited
the proliferation of Caco-2 cells [65]. They induce G2/M cell cycle arrest in Caco-2 cell
growth by upregulating tumor suppressor carcinoembryonic antigen-related cell adhesion
molecules. These findings suggest that Aronia berries and their components are promising
candidates for developing novel anticancer agents (Table 3).

Table 3. Role of Aronia melanocarpa and its underlying mechanism for improving cancer.

Type of Aronia Extracts
(Key Component) Disease Cell or

Animal Type
Stimulus

(Intensity)

Working Conc.
(Range) for
Duration

Mode of
Action References

Aronia melanocarpa juice
(AMJ)

colon/colorectal
cancer Jurkat cell

MnTMPyP
PEG-SOD

PEG-Catalase
0.3 v/v

↑ROS,
Cytochrome c
↓P73, Cleaved
caspase 3
↑UHRF1

[57]

Aronia berries
(cyanidin glycosides)

cervical
cancer HeLa - 0~200 µg/mL ↑ROS [58]

Chokeberry
(Phenolic compound)

liver
cancer HepG2 - 0~600 µg/mL ↓ROS [59]

Hull blackberry extract
(HBE)

(anthocyanin)

colorectal
cancer HT-29 - 5.1~37.3 µM ↓IL-12 [60]

Anthocyanin-Rich Extract colon
cancer HT-29 - 50 µg/mL ↓COX-1

↑COX-2, PGE2 [61]

Aronia melanocarpa Elliot
anthocyanins

(anthocyanins)
colorectal cancer Caco-2 - 50–200 µg/mL

↓SOD, BAX,
Cleaved
Caspase-3,
GSK3β,
β-Catenin
↑MDA,
E-cadherin

[62]

Aronia melanocarpa juice
(AMJ)
(3-O-P-

Coumaroyltormentic Acid)

breast
cancer CSCs radiation 20 µM

↓Sox2, Oct4,
CD44
↓C-Myc

[64]

Aronia melanocarpa juice Colon
cancer Caco-2 - 5% for

4 days

↑G(2)/M cell
cycle arrest
↓CEACAM1

[65]

AMP-dependent kinase (AMPK), Construction skills certificate scheme (CSCs), Colon adenocarcinoma (Caco-2),
Cyclooxygenase 1, 2 (COX-1, 2), Henrietta Lacks (HeLa), Human hepatocellular carcinoma (HepG2), Malondialde-
hyde (MDA), mammalian target of rapamycin complex 1 (mTORC1), Prostaglandin E2 (PGE2), Sprague-Dawley
(SD) Rat, Superoxide dismutase (SOD), tumor suppressor carcinoembryonic antigen-related cell adhesion molecule
1 (CEACAM1). “↑” increased; “↓” decreased.

3.6. Cardioprotective Effects

Hypertension is a primary contributor to the development of cardiovascular and
associated diseases and is often associated with endothelial dysfunction and oxidative
stress [66–68]. Polyphenols potentially influence cardiovascular health and hypertension by
mitigating oxidative vascular stress [69]. Aronia berries provide a rich reservoir of antioxi-
dant compounds capable of boosting endothelial NO synthase activity, thereby reducing
oxidative stress and expression levels of inflammatory genes [70]. The ethanolic extract
of Aronia melanocarpa in the hypertension-induced animal model exhibited a decrease in
blood pressure compared to the control group. Furthermore, the study highlighted that
this reduction in blood pressure was associated with an enhancement in total antioxidant
capacity and a decline in lipid peroxidation [70]. A previous study revealed that Aronia
melanocarpa positively influenced blood pressure, NOS activity, and pro-inflammatory
processes in N(ω)-nitro-L-arginine methyl ester (L-NAME)-induced hypertension [71]. A
clinical study assessed the effects of Aronia berry juice on the transcriptome of peripheral
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blood mononuclear cells from 19 individuals at risk for cardiovascular disease. These
findings suggest that prolonged habitual consumption of phenol-rich Aronia juice may
induce immunomodulatory effects via various biological pathways [72]. Additionally, treat-
ment with phenol-rich Aronia juice reduced the methylation levels of long interspersed
nucleotide element-1 (LINE-1) and arachidonic acid/eicosapentaenoic acid ratio. Given the
association between cardiovascular disease and alterations in DNA methylation, these find-
ings suggest the potential cardioprotective effects associated with the habitual consumption
of Aronia juice [73].

A meta-analysis of controlled clinical trials revealed that daily supplementation with
Aronia berry extract for 6–8 weeks led to significant reductions in systolic blood pressure
and total cholesterol levels among adult participants [74]. A previous study revealed that
this supplementation with polyphenol-rich Aronia melanocarpa significantly downregulated
the activity of glutathione-peroxidase (GSH-Px) in the hypertensive group, resulting in total
antioxidant capacity values [75]. This administration significantly reduced blood pressure
components and serum MDA compared to the hypertensive group. Endothelial progenitor
cells (EPCs) treated with Aronia melanocarpa extract exhibited notable enhancements in
proliferation and telomerase activity before exposure to angiotensin II. Conversely, the
ratio of senescent cells and intracellular ROS formation decreased significantly compared
to only angiotensin II-treated cells. Additionally, the extract augmented the migration
ability and adhesion to fibronectin of EPCs while counteracting the angiogenic potential
suppression induced by angiotensin II. These effects were attributed to the activation
of the Nrf2 and the upregulation of HO-1 expression [76]. Administration of Aronia
juice also significantly reduced the proatherogenic LDL fraction and contributed to a
16.5% decrease in total cholesterol levels in animals. The atherogenic indices of Aronia-
supplemented animals exhibited a reduced atherogenic risk, while cardioprotective indices
suggested safeguarding the cardiovascular system [77]. Aronia berry extract reduced
TNF-α-induced monocyte/endothelial adhesion and suppressed vascular cell adhesion
molecule-1 expression. Furthermore, the extract decreased the nuclear levels of both STAT3
and interferon regulatory transcription factor-1 [78].

A recent study reported that aged rats supplemented with Aronia melanocarpa fruit
juice showed a significant decrease in the amount of collagen fibers and the expression level
of the alpha-smooth muscle actin in their coronary tunica media, as compared with the
old controls. Interestingly, the expression level of the angiotensin-converting enzyme 2 in
the coronary tunica media of the supplemented group was significantly higher than in the
control group, implying the positive effects of Aronia melanocarpa fruit juice supplementation
on the age-dependent remodeling of coronary arteries [79].

Given the demonstrated link between oxidative stress and cardiovascular disease
pathogenesis, the intake of dietary antioxidants should be encouraged for preventive mea-
sures. Phenolic compounds derived from berries target various signaling pathways crucial
to the development of cardiovascular disease, including those involved in inflammation,
oxidative stress, and cardiac and vascular remodeling. Since both estrogen and androgen
receptors are distributed throughout the cardiovascular system, modulation of their activity
can influence cardiovascular health and disease. Therefore, berry-derived phenolic com-
pounds may offer a targeted approach to treating cardiovascular diseases [80,81]. Among
these phenolic substances, chlorogenic acid and quercetin are potential lead compounds for
the development of new agents in treating and preventing cardiovascular disease (Table 4).
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Table 4. Role of Aronia melanocarpa and its underlying mechanism for improving cardiovascular
diseases.

Type of Aronia
Extracts

(Key Component)
Disease Cell/Animal

Type
Stimulus

(Intensity)

Working Conc.
(Range) for
Duration

Mode of Action References

Aronia melanocarpa Hypertension WKY rat L-NAME
40 mg/kg/day

57.90 mg/kg/day
for 3 weeks

↑eNOS,
↓IL-6
↓TNF-α

[71]

Aronia melanocarpa
juice CVDs PBMC - -

↓TNF-α
↓DUSP2
↓IL-8,-1β

[72]

Aronia melanocarpa
juice (AMJ) Dyslipidemia venous blood - 100 mL (everyday

for 4 weeks)

↓LINE-1
methylation
↓AA/EPA levels

[73]

Aronia melanocarpa
Elliot

arterial
hypertension Wistar white rats L-NAME

40 mg/kg (every
2 days, for
8 weeks)

↓ROS
↑SOD
↑CAT

[75]

Aronia melanocarpa
fruit extract

atherosclerosis
myocardial
infarction

EPCs angiotensin II 1–25 µg/mL
↓ROS
↑Nrf2
↑HO-1

[76]

Aronia melanocarpa
Fruit Juice atherosclerosis Wistar rats - 64 mL/kg

↓TC
↓ROS,
LDL-C

[77]

Aronia berry extract atherosclerosis HUVECs TNF-α 10 ng/mL

↓ IL-6,-8,-1β
↓MCP-1
↓VCAM-1
↓IRF1
↓gp130, STAT3,
↓IL-1β, IL-6,
IL-6ST
↓CXCL8, CCL2

[78]

Aronia melanocarpa
fruit juice (AMJ) coronary arteries Wistar rats - - ↓α-SMA

↑ACE2 [79]

Arachidonic acid (AA), Angiotensin-converting enzyme (ACE2), Catalase (CAT), Cyclooxygenase-2 (COX-2),
premature cardiovascular diseases (CVDs), Dual Specificity Phosphatase 2 (DUSP2), eicosapentaenoic acid (EPA),
Endothelial progenitor cells (EPC), Human aortic endothelial cells (HAECs), High Density Lipoprotein-cholesterol
(HDL-C), Heme oxygenase 1 (HO-1), human umbilical vein endothelial cells (HUVECs), Interferon regulatory
factor 1 (IRF1), Low-density lipoprotein- cholesterol (LDL-C), N(ω)-nitro-L-arginine methyl ester (L-NAME),
MCP-1 (Monocyte chemoattractant protein-1), NFATC1 (Nuclear Factor Of Activated T Cells 1), Nuclear factor
erythroid-2-related factor 2 (Nrf2), Peripheral blood mononuclear cells (PBMC), Reactive Oxygen Species (ROS),
Superoxide dismutase (SOD), total cholesterol level (TC), tumor necrosis factor-α (TNF-α), vascular cell adhesion
molecule 1 (VCAM-1). “↑” increased; “↓” decreased.

3.7. Neuroprotective Effects

Several studies demonstrated that Aronia melanocarpa is effective in treating Alzheimer’s
disease (AD) and improving cognitive decline with the aging process [82–84]. The adminis-
tration of Aronia melanocarpa extracts markedly decreased NO production and mRNA levels
of various inflammatory genes, including COX-2, IL-1β, iNOS, and TNF-α in LPS-induced
BV2 cells, a type of microglial cell. Moreover, the results showed that Aronia melanocarpa
extracts significantly mitigated tissue damage in the hippocampus of the mouse AD model.
The neuroprotective effects of Aronia melanocarpa extracts and quinic acid against amyloid
beta-induced cell death were confirmed in rat hippocampal primary neurons [82]. Another
study demonstrated that pre-exposure to anthocyanins in Aronia melanocarpa significantly
impeded Aβ1-42-induced apoptosis, reduced intracellular calcium and ROS levels, and
enhanced ATP production and mitochondrial membrane potential. Anthocyanins upregu-
lated the transcription of calmodulin and Bcl-2 genes while decreasing the expression of
cytochrome c, caspase-9, cleaved caspase-3, and Bax proteins. Anthocyanins from Aronia
melanocarpa shielded SH-SY5Y cells against Aβ1-42-induced apoptosis by modulating Ca2+

homeostasis and apoptosis-related genes, thus inhibiting mitochondrial dysfunction [83].
Lee HY et al. suggested that berries of Aronia melanocarpa exhibited a protective effect
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by attenuating glutamate-induced apoptosis in HT22 mouse hippocampal cells. These
berries also lowered levels of ROS and intracellular Ca2+. Additionally, Aronia melanocarpa
berries boosted glutathione levels, antioxidant enzyme activities (glutathione reductase
and glutathione peroxidase), and mitochondrial membrane potential in HT22 cells [84].

Anthocyanin derived from Aronia melanocarpa fruit was found to inhibit age-related cog-
nitive decline and diminished response capacity in senescence-accelerated mice. Additionally,
mice supplemented with anthocyanins exhibited improved balance in redox systems (SOD,
GSH-PX, and MDA). Levels of norepinephrine, dopamine, and 5-hydroxytryptamine were
remarkably elevated, whereas levels of inflammatory cytokines (COX2, TGF-β1, and IL-1)
and DNA damage were significantly reduced in the brains of anthocyanin-treated mice
compared to the aged models [85]. Oral administration of cyanidin 3-O-β-galactoside
derived from Aronia melanocarpa (Michx) Elliott effectively mitigated the decline in brain
glucose uptake in aging mice. Additionally, cyanidin 3-O-β-galactoside alleviated neuronal
damage in both the hippocampus and cortex regions. Specifically, the number of neurons
increased in the hippocampus and the cortex. Moreover, cyanidin 3-O-β-galactoside re-
duced β-amyloid load in the brain and significantly improved performance in the Morris
water maze test. Further investigation suggested that protein kinase B (AKT) might be the
target of cyanidin 3-O-β-galactoside, contributing to its beneficial effects on brain energy
metabolism [86]. Similarly, rats supplemented with Aronia melanocarpa (Michx) Elliot juice
exhibited more vertical movements than aged controls. Aronia melanocarpa significantly
enhanced the density of nerve fibers in the perforant path of the hippocampus and elevated
acetylcholinesterase activity in the hippocampus, indicating improved functional activity
of cholinergic neurons [87]. These studies imply that Aronia melanocarpa can help improve
neuronal defects (Table 5).

Table 5. Role of Aronia melanocarpa and its underlying mechanism for improving neuronal diseases.

Type of Aronia
Extracts

(Key Component)
Disease Cell or Animal

Type
Stimulus

(Intensity)

Working Conc.
(Range) for
Duration

Mode of Action References

Black chokeberry fruit
(BCE) Alzheimer’s

BV2 LPS 30–1000 µg/mL ↓iNOS, COX2,
IL-1β, TNF-α [82]

ICR mice LPS 50 mg/kg

Anthocyanins from
Black Chokeberry Alzheimer’s SH-SY5Y

Amyloid beta
peptide
(1–42)

Aβ1-42

20–60 mg/mL

↓Caspase9, Bax,
cytochrome C
↑Bcl-2,
Calmodulin

[83]

Aronia melanocarpa
berries neurodegenerative HT22 Glutamate 10–100 µg/mL ↓ROS

↑GSH, GPx, GR [84]

Anthocyanins from
Black Chokeberry neurodegenerative Kunming mice D-galactose 15–30 mg/kg

↓COX2, TGF-β1,
IL-1, ROS, ATM,
ATR

[85]

Ataxia telangiectasia mutated (ATM), Ataxia telangiectasia and Rad3-related protein (ATR), Cyclooxygenase
(COX-2), Glutathione (GSH), Glutathione peroxides (GPx), glutathione reductase (GR), Inducible nitric oxidase
(iNOS), Reactive Oxygen Species (ROS), Tumor necrosis factor (TNF-α), thrice cloned subline of the neuroblastoma
cell line SK-N-SH (SH-SY5Y). “↑” increased; “↓” decreased.

3.8. Anti-Aging Effects

Glycation, also known as non-enzymatic glycosylation, refers to the covalent binding
of a sugar molecule to a protein, lipid, or nucleic acid molecule [88,89]. This non-enzymatic
process is accountable for numerous complications, such as micro and macrovascular issues,
and is associated with certain diseases and skin aging [90,91].

The phenolic compounds found in Aronia melanocarpa exhibited a notable inhibitory
impact on glycation products. Chlorogenic acid achieved 72.27% inhibition of fructosamine.
Additionally, epigallocatechin gallate demonstrated 84.47% inhibition of α-dicarbonyl for-
mation and 54.44% inhibition of advanced glycation end-products (AGEs) [92]. Cyanidin-3-
O-galactoside, cyanidin-3-O-arabinoside, and procyanidin B2 also exhibited their potential
as anti-glycation agents [93].
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Several studies reported that Aronia melanocarpa has anti-aging effects in wrinkles,
whitening, and moisture [94–97]. Treatment with the Aronia melanocarpa extract improved
UVB-induced epidermal damage in mice. Furthermore, Aronia melanocarpa treatment
significantly enhanced the expression level of collagen type I and III while downregu-
lated MMP-1 and 3 compared to those in only UVB-exposed mice, meaning that Aronia
melanocarpa extract mitigates UV-induced photodamage by attenuating UVB-induced colla-
gen disruption. These effects may be owing to chlorogenic acid and rutin in the extract [94].
The Aronia extract promoted cell proliferation in neonatal human dermal fibroblasts. Treat-
ment with the Aronia extract led to an increase in the transcription of collagen type I
mRNA. Furthermore, the extract suppressed the expression of MMP1 and MMP3. In the
dermal equivalents model, the compressive modulus, characterized by collagen synthesis,
increased proportionally with the concentration of the Aronia extract, while expression
levels of MMP1 and MMP3 decreased inversely with its concentration [95].

Pretreatment with Aronia melanocarpa concentrate downregulated the expression level
of TNF-α-induced ICAM-I and subsequent monocyte adhesiveness in the HaCaT ker-
atinocyte cells. Additionally, Aronia melanocarpa concentrate significantly diminished in-
tracellular ROS generation and mitigated mitogen-activated protein kinase activation in
TNF-α-induced HaCaT cells. Both Aronia melanocarpa concentrate and its component cyani-
din 3-glucoside also alleviated TNF-α-induced IKK activation, IκB degradation, the nuclear
translocation of p65, and p65 DNA binding activity in HaCaT cells [96]. Our group also
investigated how fermented Aronia melanocarpa (FA), fermented with Monascus purpureus,
inhibits melanogenesis and its underlying mechanism in the B16F10 melanoma cell line.
FA effectively suppressed tyrosinase activity and melanogenesis in alpha-melanocyte-
stimulating hormone-induced B16F10 cells. Notably, FA downregulated the PKA/CREB
pathway, reducing protein levels of tyrosinase, TRP-1, and MITF. Additionally, FA inhibited
MITF transcription by enhancing the phosphorylation levels of both GSK3β and AKT.
Interestingly, these effects were attributed to a significant upregulation in gallic acid, a com-
pound of Aronia melanocarpa generated following the fermentation process with Monascus
purpureus [97].

These data suggest that Aronia melanocarpa can be utilized as a cosmetic ingredient for
anti-aging skin (Table 6).

Table 6. Role of Aronia melanocarpa and its underlying mechanism for improving aging.

Type of Aronia Extracts
(Key Component) Disease Cell or Animal

Type
Stimulus

(Intensity)
Working Conc. (Range)

for Duration Mode of Action References

Aronia melanocarpa extract
(chlorogenic acid, rutin) Anti-aging ICR mice UVB

(150 mJ/cm) 1%/1 week ↑collagen I/III
↓MMP-1, MMP-3 [94]

Aronia extract Anti-aging HDFs NONE 1–100 µg/mL ↓MMP-1, MMP-3
↑collagen I [95]

Aronia melanocarpa
concentrate (cyanidin

3-glucoside)

Anti-melano-
genesis HaCaT TNF-α 10 ng/mL ↓ROS

↓MAPKs [96]

Fermented Aronia
melanocarpa
(gallic acid)

Anti-melano-
genesis B16F10 α-MSH

(500 nM) 500 µg/mL ↓PI3K/AKT
↓PKA/CREB [97]

Institute of cancer research (ICR), High-fat diet (HFD), α-Melanocyte-stimulating hormone (α-MSH), Mitogen-
activated protein kinases (MAPKs), Human dermal fibroblasts (HDFs), Human keratinocytes cells (HaCaT),
InterLeukin-6 (IL-6), Matrix Metalloproteinase-1 (MMP-1), Matrix Metalloproteinase-3 (MMP-3), Phosphoinositide
3-kinases (PI3Ks), Protein kinase A (PKA), cAMP-responsive element binding protein (CREB), Reactive oxygen
species (ROS), Tumor necrosis factor-α (TNF-α). “↑” increased; “↓” decreased.

4. Conclusions

This review covers the latest research trends on the positive effects of Aronia melanocarpa
on a variety of diseases, including diabetes, cardiovascular disease, and neurological dis-
eases. Many studies have reported the specific effects of anthocyanins and phenolic acids,
the main components of Aronia melanocarpa. However, polyphenol monomers and com-
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ponents with potent functional and disease-controlling properties in Aronia melanocarpa
should be systematically identified. While phenolic compounds are recognized as the
primary active components of Aronia berries, the specific anti-diabetic, anti-obesity, and
neuroprotective agents within these berries have yet to be clearly identified. Further re-
search is also required to investigate ursolic acid, its derivatives, and other constituents of
Aronia berries that demonstrate potential anti-tumor activity. Additionally, future research
on Aronia melanocarpa should focus on optimizing the doses of phenolic and other con-
stituents, developing new formulations, isolating new active compounds, and exploring
their synthetic modifications.

Although much research revealed their beneficial effects on preventing and treating
diseases linked to oxidative stress, clinical trials have shown limited effectiveness so far.
Thus, clinical studies based on a better understanding of the main components of Aronia
melanocarpa are needed in the future. These future studies will contribute to using Aronia
melanocarpa as a resource for a therapeutic agent to delay or prevent various diseases.

Author Contributions: Writing-original draft preparation, D.W.S.; Methodology, M.Y.G., J.K. and
C.Y.J.; Validation, D.W.S., M.Y.G., J.K. and C.Y.J. All authors have read and agreed to the published
version of the manuscript.

Funding: This paper was supported by Konkuk University in 2023 (2023-A019-0172).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Huang, R.; Fang, W.; Xie, X.; Liu, Y.; Xu, C. Identification of Key Astringent Compounds in Aronia Berry Juice. Food Chem. 2022,

393, 133431. [CrossRef] [PubMed]
2. Sidor, A.; Gramza-Michalowska, A. Black Chokeberry Aronia melanocarpa L.—A Qualitative Composition, Phenolic Profile and

Antioxidant Potential. Molecules 2019, 24, 3710. [CrossRef] [PubMed]
3. Ren, Y.; Frank, T.; Meyer, G.; Lei, J.; Grebenc, J.R.; Slaughter, R.; Gao, Y.G.; Kinghorn, A.D. Potential Benefits of Black Chokeberry

(Aronia melanocarpa) Fruits and their Constituents in Improving Human Health. Molecules 2022, 27, 7823. [CrossRef]
4. Kokotkiewicz, A.; Jaremicz, Z.; Luczkiewicz, M. Aronia Plants: A Review of Traditional use, Biological Activities, and Perspectives

for Modern Medicine. J. Med. Food 2010, 13, 255–269. [CrossRef] [PubMed]
5. Kim, D.; Han, H.; Kim, J.; Kim, D.; Kim, M. Comparison of Phytochemicals and Antioxidant Activities of Berries Cultivated in

Korea: Identification of Phenolic Compounds in Aronia by HPLC/Q-TOF MS. Prev. Nutr. Food Sci. 2021, 26, 459–468. [CrossRef]
[PubMed]

6. Kaloudi, T.; Tsimogiannis, D.; Oreopoulou, V. Aronia Melanocarpa: Identification and Exploitation of its Phenolic Components.
Molecules 2022, 27, 4375. [CrossRef] [PubMed]

7. Jurendic, T.; Scetar, M. Aronia melanocarpa Products and by-Products for Health and Nutrition: A Review. Antioxidants 2021, 10,
1052. [CrossRef] [PubMed]

8. Rana, A.; Samtiya, M.; Dhewa, T.; Mishra, V.; Aluko, R.E. Health Benefits of Polyphenols: A Concise Review. J. Food Biochem. 2022,
46, e14264. [CrossRef] [PubMed]

9. Shen, N.; Wang, T.; Gan, Q.; Liu, S.; Wang, L.; Jin, B. Plant Flavonoids: Classification, Distribution, Biosynthesis, and Antioxidant
Activity. Food Chem. 2022, 383, 132531. [CrossRef] [PubMed]

10. Staszowska-Karkut, M.; Materska, M. Phenolic Composition, Mineral Content, and Beneficial Bioactivities of Leaf Extracts from
Black Currant (Ribes nigrum L.), Raspberry (Rubus idaeus), and Aronia (Aronia melanocarpa). Nutrients 2020, 12, 463. [CrossRef]
[PubMed]

11. Yang, H.; Kim, Y.; Shin, Y. Influence of Ripening Stage and Cultivar on Physicochemical Properties and Antioxidant Compositions
of Aronia Grown in South Korea. Foods 2019, 8, 598. [CrossRef] [PubMed]

12. Chen, L.; Chen, W.; Li, D.; Liu, X. Anthocyanin and Proanthocyanidin from Aronia melanocarpa (Michx.) Ell.: Purification,
Fractionation, and Enzyme Inhibition. Food Sci. Nutr. 2023, 11, 3911–3922. [CrossRef] [PubMed]

13. Denev, P.; Ciz, M.; Kratchanova, M.; Blazheva, D. Black Chokeberry (Aronia melanocarpa) Polyphenols Reveal Different Antioxidant,
Antimicrobial and Neutrophil-Modulating Activities. Food Chem. 2019, 284, 108–117. [CrossRef] [PubMed]

14. Wu, X.; Gu, L.; Prior, R.L.; McKay, S. Characterization of Anthocyanins and Proanthocyanidins in some Cultivars of Ribes, Aronia,
and Sambucus and their Antioxidant Capacity. J. Agric. Food Chem. 2004, 52, 7846–7856. [CrossRef] [PubMed]

15. Tian, Y.; Liimatainen, J.; Alanne, A.; Lindstedt, A.; Liu, P.; Sinkkonen, J.; Kallio, H.; Yang, B. Phenolic Compounds Extracted by
Acidic Aqueous Ethanol from Berries and Leaves of Different Berry Plants. Food Chem. 2017, 220, 266–281. [CrossRef] [PubMed]

16. Zielinska, A.; Siudem, P.; Paradowska, K.; Gralec, M.; Kazmierski, S.; Wawer, I. Aronia melanocarpa Fruits as a Rich Dietary Source
of Chlorogenic Acids and Anthocyanins: 1H-NMR, HPLC-DAD, and Chemometric Studies. Molecules 2020, 25, 3234. [CrossRef]
[PubMed]

https://doi.org/10.1016/j.foodchem.2022.133431
https://www.ncbi.nlm.nih.gov/pubmed/35751215
https://doi.org/10.3390/molecules24203710
https://www.ncbi.nlm.nih.gov/pubmed/31619015
https://doi.org/10.3390/molecules27227823
https://doi.org/10.1089/jmf.2009.0062
https://www.ncbi.nlm.nih.gov/pubmed/20170359
https://doi.org/10.3746/pnf.2021.26.4.459
https://www.ncbi.nlm.nih.gov/pubmed/35047443
https://doi.org/10.3390/molecules27144375
https://www.ncbi.nlm.nih.gov/pubmed/35889248
https://doi.org/10.3390/antiox10071052
https://www.ncbi.nlm.nih.gov/pubmed/34209985
https://doi.org/10.1111/jfbc.14264
https://www.ncbi.nlm.nih.gov/pubmed/35694805
https://doi.org/10.1016/j.foodchem.2022.132531
https://www.ncbi.nlm.nih.gov/pubmed/35413752
https://doi.org/10.3390/nu12020463
https://www.ncbi.nlm.nih.gov/pubmed/32059465
https://doi.org/10.3390/foods8120598
https://www.ncbi.nlm.nih.gov/pubmed/31756943
https://doi.org/10.1002/fsn3.3377
https://www.ncbi.nlm.nih.gov/pubmed/37457197
https://doi.org/10.1016/j.foodchem.2019.01.108
https://www.ncbi.nlm.nih.gov/pubmed/30744834
https://doi.org/10.1021/jf0486850
https://www.ncbi.nlm.nih.gov/pubmed/15612766
https://doi.org/10.1016/j.foodchem.2016.09.145
https://www.ncbi.nlm.nih.gov/pubmed/27855899
https://doi.org/10.3390/molecules25143234
https://www.ncbi.nlm.nih.gov/pubmed/32679898


Curr. Issues Mol. Biol. 2024, 46 8084

17. Szopa, A.; Starzec, A.; Ekiert, H. The Importance of Monochromatic Lights in the Production of Phenolic Acids and Flavonoids in
Shoot Cultures of Aronia Melanocarpa, Aronia Arbutifolia and Aronia x Prunifolia. J. Photochem. Photobiol. B 2018, 179, 91–97.
[CrossRef] [PubMed]

18. Taheri, R.; Connolly, B.A.; Brand, M.H.; Bolling, B.W. Underutilized Chokeberry (Aronia melanocarpa, Aronia arbutifolia, Aronia
prunifolia) Accessions are Rich Sources of Anthocyanins, Flavonoids, Hydroxycinnamic Acids, and Proanthocyanidins. J. Agric.
Food Chem. 2013, 61, 8581–8588. [CrossRef] [PubMed]

19. Braunlich, M.; Slimestad, R.; Wangensteen, H.; Brede, C.; Malterud, K.E.; Barsett, H. Extracts, Anthocyanins and Procyanidins
from Aronia melanocarpa as Radical Scavengers and Enzyme Inhibitors. Nutrients 2013, 5, 663–678. [CrossRef] [PubMed]

20. Li, J.; Deng, Y.; Yuan, C.; Pan, L.; Chai, H.; Keller, W.J.; Kinghorn, A.D. Antioxidant and Quinone Reductase-Inducing Constituents
of Black Chokeberry (Aronia melanocarpa) Fruits. J. Agric. Food Chem. 2012, 60, 11551–11559. [CrossRef] [PubMed]

21. Parzonko, A.; Naruszewicz, M. Cardioprotective Effects of Aronia melanocarpa Anthocyanins. from Laboratory Experiments to
Clinical Practice. Curr. Pharm. Des. 2016, 22, 174–179. [CrossRef] [PubMed]

22. Esatbeyoglu, T.; Winterhalter, P. Preparation of Dimeric Procyanidins B1, B2, B5, and B7 from a Polymeric Procyanidin Fraction of
Black Chokeberry (Aronia melanocarpa). J. Agric. Food Chem. 2010, 58, 5147–5153. [CrossRef] [PubMed]

23. Sosnowska, D.; Kajszczak, D.; Podsedek, A. The Effect of Different Growth Stages of Black Chokeberry Fruits on Phytonutrients,
Anti-Lipase Activity, and Antioxidant Capacity. Molecules 2022, 27, 8031. [CrossRef] [PubMed]

24. Dobros, N.; Zielinska, A.; Siudem, P.; Zawada, K.D.; Paradowska, K. Profile of Bioactive Components and Antioxidant Activity of
Aronia melanocarpa Fruits at Various Stages of their Growth, using Chemometric Methods. Antioxidants 2024, 13, 462. [CrossRef]
[PubMed]

25. Tan, H.; Cui, B.; Zheng, K.; Gao, N.; An, X.; Zhang, Y.; Cheng, Z.; Nie, Y.; Zhu, J.; Wang, L.; et al. Novel Inhibitory Effect of
Black Chokeberry (Aronia melanocarpa) from Selected Eight Berries Extracts on Advanced Glycation End-Products Formation and
Corresponding Mechanism Study. Food Chem. X 2023, 21, 101032. [CrossRef] [PubMed]

26. Bushmeleva, K.; Vyshtakalyuk, A.; Terenzhev, D.; Belov, T.; Nikitin, E.; Zobov, V. Aronia melanocarpa Flavonol Extract-Antiradical
and Immunomodulating Activities Analysis. Plants 2023, 12, 2976. [CrossRef] [PubMed]

27. Pilaczynska-Szczesniak, L.; Skarpanska-Steinborn, A.; Deskur, E.; Basta, P.; Horoszkiewicz-Hassan, M. The Influence of Choke-
berry Juice Supplementation on the Reduction of Oxidative Stress Resulting from an Incremental Rowing Ergometer Exercise. Int.
J. Sport Nutr. Exerc. Metab. 2005, 15, 48–58. [CrossRef] [PubMed]

28. Ghosh, M.; Kim, I.S.; Lee, Y.M.; Hong, S.M.; Lee, T.H.; Lim, J.H.; Debnath, T.; Lim, B.O. The Effects of Aronia melanocarpa ‘Viking’
Extracts in Attenuating RANKL-Induced Osteoclastic Differentiation by Inhibiting ROS Generation and C-FOS/NFATc1 Signaling.
Molecules 2018, 23, 615. [CrossRef] [PubMed]

29. Olechno, E.; Puscion-Jakubik, A.; Zujko, M.E. Chokeberry (A. melanocarpa (Michx.) Elliott)—A Natural Product for Metabolic
Disorders? Nutrients 2022, 14, 2688. [CrossRef]

30. Li, D.; Wang, P.; Luo, Y.; Zhao, M.; Chen, F. Health Benefits of Anthocyanins and Molecular Mechanisms: Update from Recent
Decade. Crit. Rev. Food Sci. Nutr. 2017, 57, 1729–1741. [CrossRef] [PubMed]

31. Ohgami, K.; Ilieva, I.; Shiratori, K.; Koyama, Y.; Jin, X.; Yoshida, K.; Kase, S.; Kitaichi, N.; Suzuki, Y.; Tanaka, T.; et al. Anti-
Inflammatory Effects of Aronia Extract on Rat Endotoxin-Induced Uveitis. Investig. Ophthalmol. Vis. Sci. 2005, 46, 275–281.
[CrossRef] [PubMed]

32. Zapolska-Downar, D.; Bryk, D.; Malecki, M.; Hajdukiewicz, K.; Sitkiewicz, D. Aronia melanocarpa Fruit Extract Exhibits Anti-
Inflammatory Activity in Human Aortic Endothelial Cells. Eur. J. Nutr. 2012, 51, 563–572. [CrossRef] [PubMed]

33. Jang, B.; Lee, J.; Choi, H.; Yim, S. Aronia melanocarpa Fruit Bioactive Fraction Attenuates LPS-Induced Inflammatory Response in
Human Bronchial Epithelial Cells. Antioxidants 2020, 9, 816. [CrossRef] [PubMed]

34. Appel, K.; Meiser, P.; Millan, E.; Collado, J.A.; Rose, T.; Gras, C.C.; Carle, R.; Munoz, E. Chokeberry (Aronia melanocarpa (Michx.)
Elliot) Concentrate Inhibits NF-kappaB and Synergizes with Selenium to Inhibit the Release of Pro-Inflammatory Mediators in
Macrophages. Fitoterapia 2015, 105, 73–82. [CrossRef] [PubMed]

35. Ho, G.T.T.; Braunlich, M.; Austarheim, I.; Wangensteen, H.; Malterud, K.E.; Slimestad, R.; Barsett, H. Immunomodulating Activity
of Aronia melanocarpa Polyphenols. Int. J. Mol. Sci. 2014, 15, 11626–11636. [CrossRef] [PubMed]

36. Nimptsch, K.; Konigorski, S.; Pischon, T. Diagnosis of Obesity and use of Obesity Biomarkers in Science and Clinical Medicine.
Metabolism 2019, 92, 61–70. [CrossRef] [PubMed]

37. Kim, N.; Jegal, J.; Kim, Y.N.; Heo, J.; Rho, J.; Yang, M.H.; Jeong, E.J. Chokeberry Extract and its Active Polyphenols Suppress
Adipogenesis in 3T3-L1 Adipocytes and Modulates Fat Accumulation and Insulin Resistance in Diet-Induced Obese Mice.
Nutrients 2018, 10, 1734. [CrossRef] [PubMed]

38. Zhu, Y.; Cai, P.; Dai, H.; Xiao, Y.; Jia, C.; Sun, A. Black Chokeberry (Aronia melanocarpa L.) Polyphenols Attenuate Obesity-Induced
Colonic Inflammation by Regulating Gut Microbiota and the TLR4/NF-kappaB Signaling Pathway in High Fat Diet-Fed Rats.
Food Funct. 2023, 14, 10014–10030. [CrossRef] [PubMed]

39. Qin, B.; Anderson, R.A. An Extract of Chokeberry Attenuates Weight Gain and Modulates Insulin, Adipogenic, and Inflammatory
Signalling Pathways in Epididymal Adipose Tissue of Rats Fed a Fructose-Rich Diet. Br. J. Nutr. 2012, 108, 581–587. [CrossRef]
[PubMed]

40. Park, H.; Liu, Y.; Kim, H.; Shin, J. Chokeberry Attenuates the Expression of Genes Related to De Novo Lipogenesis in the
Hepatocytes of Mice with Nonalcoholic Fatty Liver Disease. Nutr. Res. 2016, 36, 57–64. [CrossRef]

https://doi.org/10.1016/j.jphotobiol.2018.01.005
https://www.ncbi.nlm.nih.gov/pubmed/29351879
https://doi.org/10.1021/jf402449q
https://www.ncbi.nlm.nih.gov/pubmed/23941506
https://doi.org/10.3390/nu5030663
https://www.ncbi.nlm.nih.gov/pubmed/23459328
https://doi.org/10.1021/jf303712e
https://www.ncbi.nlm.nih.gov/pubmed/23131110
https://doi.org/10.2174/1381612822666151112152143
https://www.ncbi.nlm.nih.gov/pubmed/26561060
https://doi.org/10.1021/jf904354n
https://www.ncbi.nlm.nih.gov/pubmed/20196608
https://doi.org/10.3390/molecules27228031
https://www.ncbi.nlm.nih.gov/pubmed/36432132
https://doi.org/10.3390/antiox13040462
https://www.ncbi.nlm.nih.gov/pubmed/38671910
https://doi.org/10.1016/j.fochx.2023.101032
https://www.ncbi.nlm.nih.gov/pubmed/38235343
https://doi.org/10.3390/plants12162976
https://www.ncbi.nlm.nih.gov/pubmed/37631187
https://doi.org/10.1123/ijsnem.15.1.48
https://www.ncbi.nlm.nih.gov/pubmed/15902989
https://doi.org/10.3390/molecules23030615
https://www.ncbi.nlm.nih.gov/pubmed/29518052
https://doi.org/10.3390/nu14132688
https://doi.org/10.1080/10408398.2015.1030064
https://www.ncbi.nlm.nih.gov/pubmed/26192537
https://doi.org/10.1167/iovs.04-0715
https://www.ncbi.nlm.nih.gov/pubmed/15623784
https://doi.org/10.1007/s00394-011-0240-1
https://www.ncbi.nlm.nih.gov/pubmed/21863241
https://doi.org/10.3390/antiox9090816
https://www.ncbi.nlm.nih.gov/pubmed/32887408
https://doi.org/10.1016/j.fitote.2015.06.009
https://www.ncbi.nlm.nih.gov/pubmed/26079445
https://doi.org/10.3390/ijms150711626
https://www.ncbi.nlm.nih.gov/pubmed/24983479
https://doi.org/10.1016/j.metabol.2018.12.006
https://www.ncbi.nlm.nih.gov/pubmed/30586573
https://doi.org/10.3390/nu10111734
https://www.ncbi.nlm.nih.gov/pubmed/30424495
https://doi.org/10.1039/D3FO02177G
https://www.ncbi.nlm.nih.gov/pubmed/37840453
https://doi.org/10.1017/S000711451100599X
https://www.ncbi.nlm.nih.gov/pubmed/22142480
https://doi.org/10.1016/j.nutres.2015.10.010


Curr. Issues Mol. Biol. 2024, 46 8085

41. Daskalova, E.; Delchev, S.; Vladimirova-Kitova, L.; Kitov, S.; Denev, P. Black Chokeberry (Aronia melanocarpa) Functional Beverages
Increase HDL-Cholesterol Levels in Aging Rats. Foods 2021, 10, 1641. [CrossRef] [PubMed]

42. Kim, N.; Jegal, J.; Kim, Y.N.; Chung, D.; Heo, J.; Rho, J.; Yang, M.H.; Jeong, E.J. Antiobesity Effect of Fermented Chokeberry
Extract in High-Fat Diet-Induced Obese Mice. J. Med. Food 2018, 21, 1113–1119. [CrossRef] [PubMed]

43. Takahashi, A.; Shimizu, H.; Okazaki, Y.; Sakaguchi, H.; Taira, T.; Suzuki, T.; Chiji, H. Anthocyanin-Rich Phytochemicals from
Aronia Fruits Inhibit Visceral Fat Accumulation and Hyperglycemia in High-Fat Diet-Induced Dietary Obese Rats. J. Oleo Sci.
2015, 64, 1243–1250. [CrossRef] [PubMed]

44. Lim, S.; Lee, H.S.; Jung, J.I.; Kim, S.M.; Kim, N.Y.; Seo, T.S.; Bae, J.; Kim, E.J. Cyanidin-3-O-Galactoside-Enriched Aronia melanocarpa
Extract Attenuates Weight Gain and Adipogenic Pathways in High-Fat Diet-Induced Obese C57BL/6 Mice. Nutrients 2019, 11,
1190. [CrossRef] [PubMed]

45. Xie, L.; Vance, T.; Kim, B.; Lee, S.G.; Caceres, C.; Wang, Y.; Hubert, P.A.; Lee, J.; Chun, O.K.; Bolling, B.W. Aronia Berry Polyphenol
Consumption Reduces Plasma Total and Low-Density Lipoprotein Cholesterol in Former Smokers without Lowering Biomarkers
of Inflammation and Oxidative Stress: A Randomized Controlled Trial. Nutr. Res. 2017, 37, 67–77. [CrossRef] [PubMed]

46. Yu, S.; Kim, M.; Park, Y.; Bae, M.; Kang, H.; Hu, S.; Pham, T.X.; Carpenter, R.; Lee, J.; Lee, O.; et al. Anthocyanin-Rich Aronia Berry
Extract Mitigates High-Fat and High-Sucrose Diet-Induced Adipose Tissue Inflammation by Inhibiting Nuclear Factor-kappaB
Activation. J. Med. Food 2021, 24, 586–594. [CrossRef] [PubMed]

47. Mu, J.; Xin, G.; Zhang, B.; Wang, Y.; Ning, C.; Meng, X. Beneficial Effects of Aronia melanocarpa Berry Extract on Hepatic Insulin
Resistance in Type 2 Diabetes Mellitus Rats. J. Food Sci. 2020, 85, 1307–1318. [CrossRef] [PubMed]

48. Yamane, T.; Kozuka, M.; Konda, D.; Nakano, Y.; Nakagaki, T.; Ohkubo, I.; Ariga, H. Improvement of Blood Glucose Levels and
Obesity in Mice Given Aronia Juice by Inhibition of Dipeptidyl Peptidase IV and Alpha-Glucosidase. J. Nutr. Biochem. 2016, 31,
106–112. [CrossRef] [PubMed]

49. Chen, J.; Meng, X. Aronia melanocarpa Anthocyanin Extracts Improve Hepatic Structure and Function in High-Fat Diet-
/Streptozotocin-Induced T2DM Mice. J. Agric. Food Chem. 2022, 70, 11531–11543. [CrossRef] [PubMed]

50. Milutinovic, M.; Velickovic Radovanovic, R.; Savikin, K.; Radenkovic, S.; Arvandi, M.; Pesic, M.; Kostic, M.; Miladinovic, B.;
Brankovic, S.; Kitic, D. Chokeberry Juice Supplementation in Type 2 Diabetic Patients—Impact on Health Status. J. Appl. Biomed.
2019, 17, 218–224. [CrossRef] [PubMed]

51. Valcheva-Kuzmanova, S.; Kuzmanov, K.; Tancheva, S.; Belcheva, A. Hypoglycemic and Hypolipidemic Effects of Aronia
melanocarpa Fruit Juice in Streptozotocin-Induced Diabetic Rats. Methods Find. Exp. Clin. Pharmacol. 2007, 29, 101–105.

52. Jeon, Y.; Kang, S.; Moon, K.; Lee, J.; Kim, D.; Kim, W.; Kim, J.; Ahn, B.; Jin, J. The Effect of Aronia Berry on Type 1 Diabetes in Vivo
and in Vitro. J. Med. Food 2018, 21, 244–253. [CrossRef] [PubMed]

53. Jurgonski, A.; Juskiewicz, J.; Zdunczyk, Z. Ingestion of Black Chokeberry Fruit Extract Leads to Intestinal and Systemic Changes
in a Rat Model of Prediabetes and Hyperlipidemia. Plant Foods Hum. Nutr. 2008, 63, 176–182. [CrossRef] [PubMed]

54. Tasic, N.; Jakovljevic, V.L.J.; Mitrovic, M.; Djindjic, B.; Tasic, D.; Dragisic, D.; Citakovic, Z.; Kovacevic, Z.; Radoman, K.; Zivkovic,
V.; et al. Black Chokeberry Aronia melanocarpa Extract Reduces Blood Pressure, Glycemia and Lipid Profile in Patients with
Metabolic Syndrome: A Prospective Controlled Trial. Mol. Cell. Biochem. 2021, 476, 2663–2673. [CrossRef]

55. Dragan, S.; Andrica, F.; Serban, M.; Timar, R. Polyphenols-Rich Natural Products for Treatment of Diabetes. Curr. Med. Chem.
2015, 22, 14–22. [CrossRef] [PubMed]

56. Zhao, C.; Giusti, M.M.; Malik, M.; Moyer, M.P.; Magnuson, B.A. Effects of Commercial Anthocyanin-Rich Extracts on Colonic
Cancer and Nontumorigenic Colonic Cell Growth. J. Agric. Food Chem. 2004, 52, 6122–6128. [CrossRef] [PubMed]

57. Sharif, T.; Alhosin, M.; Auger, C.; Minker, C.; Kim, J.; Etienne-Selloum, N.; Bories, P.; Gronemeyer, H.; Lobstein, A.; Bronner, C.;
et al. Aronia melanocarpa Juice Induces a Redox-Sensitive p73-related Caspase 3-Dependent Apoptosis in Human Leukemia Cells.
PLoS ONE 2012, 7, e32526.

58. Rugina, D.; Sconta, Z.; Leopold, L.; Pintea, A.; Bunea, A.; Socaciu, C. Antioxidant Activities of Chokeberry Extracts and the
Cytotoxic Action of their Anthocyanin Fraction on HeLa Human Cervical Tumor Cells. J. Med. Food 2012, 15, 700–706. [PubMed]

59. Gao, N.; Wang, Y.; Jiao, X.; Chou, S.; Li, E.; Li, B. Preparative Purification of Polyphenols from Aronia melanocarpa (Chokeberry)
with Cellular Antioxidant and Antiproliferative Activity. Molecules 2018, 23, 139. [CrossRef] [PubMed]

60. Dai, J.; Patel, J.D.; Mumper, R.J. Characterization of Blackberry Extract and its Antiproliferative and Anti-Inflammatory Properties.
J. Med. Food 2007, 10, 258–265. [PubMed]

61. Malik, M.; Zhao, C.; Schoene, N.; Guisti, M.M.; Moyer, M.P.; Magnuson, B.A. Anthocyanin-Rich Extract from Aronia Meloncarpa
E Induces a Cell Cycle Block in Colon Cancer but Not Normal Colonic Cells. Nutr. Cancer 2003, 46, 186–196. [CrossRef] [PubMed]

62. Wei, J.; Yu, W.; Hao, R.; Fan, J.; Gao, J. Anthocyanins from Aronia melanocarpa Induce Apoptosis in Caco-2 Cells through
Wnt/Beta-Catenin Signaling Pathway. Chem. Biodivers 2020, 17, e2000654. [CrossRef] [PubMed]

63. Gill, N.K.; Rios, D.; Osorio-Camacena, E.; Mojica, B.E.; Kaur, B.; Soderstrom, M.A.; Gonzalez, M.; Plaat, B.; Poblete, C.; Kaur,
N.; et al. Anticancer Effects of Extracts from Three Different Chokeberry Species. Nutr. Cancer 2021, 73, 1168–1174. [CrossRef]
[PubMed]

64. Choi, H.S.; Kim, S.; Kim, J.; Deng, H.; Yun, B.; Lee, D. Triterpene Acid (3-O-P-Coumaroyltormentic Acid) Isolated from Aronia
Extracts Inhibits Breast Cancer Stem Cell Formation through Downregulation of C-Myc Protein. Int. J. Mol. Sci. 2018, 19, 2528.
[CrossRef] [PubMed]

https://doi.org/10.3390/foods10071641
https://www.ncbi.nlm.nih.gov/pubmed/34359511
https://doi.org/10.1089/jmf.2017.4124
https://www.ncbi.nlm.nih.gov/pubmed/30457472
https://doi.org/10.5650/jos.ess15181
https://www.ncbi.nlm.nih.gov/pubmed/26582155
https://doi.org/10.3390/nu11051190
https://www.ncbi.nlm.nih.gov/pubmed/31137884
https://doi.org/10.1016/j.nutres.2016.12.007
https://www.ncbi.nlm.nih.gov/pubmed/28215316
https://doi.org/10.1089/jmf.2020.0127
https://www.ncbi.nlm.nih.gov/pubmed/33751905
https://doi.org/10.1111/1750-3841.15109
https://www.ncbi.nlm.nih.gov/pubmed/32249934
https://doi.org/10.1016/j.jnutbio.2016.02.004
https://www.ncbi.nlm.nih.gov/pubmed/27133429
https://doi.org/10.1021/acs.jafc.2c03286
https://www.ncbi.nlm.nih.gov/pubmed/36084327
https://doi.org/10.32725/jab.2019.020
https://www.ncbi.nlm.nih.gov/pubmed/34907720
https://doi.org/10.1089/jmf.2017.3939
https://www.ncbi.nlm.nih.gov/pubmed/29470134
https://doi.org/10.1007/s11130-008-0087-7
https://www.ncbi.nlm.nih.gov/pubmed/18726160
https://doi.org/10.1007/s11010-021-04106-4
https://doi.org/10.2174/0929867321666140826115422
https://www.ncbi.nlm.nih.gov/pubmed/25174925
https://doi.org/10.1021/jf049517a
https://www.ncbi.nlm.nih.gov/pubmed/15453676
https://www.ncbi.nlm.nih.gov/pubmed/22846076
https://doi.org/10.3390/molecules23010139
https://www.ncbi.nlm.nih.gov/pubmed/29320456
https://www.ncbi.nlm.nih.gov/pubmed/17651061
https://doi.org/10.1207/S15327914NC4602_12
https://www.ncbi.nlm.nih.gov/pubmed/14690795
https://doi.org/10.1002/cbdv.202000654
https://www.ncbi.nlm.nih.gov/pubmed/33016000
https://doi.org/10.1080/01635581.2020.1789679
https://www.ncbi.nlm.nih.gov/pubmed/32643413
https://doi.org/10.3390/ijms19092528
https://www.ncbi.nlm.nih.gov/pubmed/30149665


Curr. Issues Mol. Biol. 2024, 46 8086

65. Bermudez-Soto, M.J.; Larrosa, M.; Garcia-Cantalejo, J.M.; Espin, J.C.; Tomas-Barberan, F.A.; Garcia-Conesa, M.T. Up-Regulation of
Tumor Suppressor Carcinoembryonic Antigen-Related Cell Adhesion Molecule 1 in Human Colon Cancer Caco-2 Cells Following
Repetitive Exposure to Dietary Levels of a Polyphenol-Rich Chokeberry Juice. J. Nutr. Biochem. 2007, 18, 259–271. [CrossRef]
[PubMed]

66. Wang, L.; Cheng, C.K.; Yi, M.; Lui, K.O.; Huang, Y. Targeting endothelial dysfunction and inflammation. J. Mol. Cell Cardiol. 2022,
168, 58–67. [CrossRef] [PubMed]

67. Incalza, M.A.; D’Oria, R.; Natalicchio, A.; Perrini, S.; Laviola, L.; Giorgino, F. Oxidative Stress and Reactive Oxygen Species in
Endothelial Dysfunction Associated with Cardiovascular and Metabolic Diseases. Vascul. Pharmacol. 2018, 100, 1–19. [CrossRef]
[PubMed]

68. Konukoglu, D.; Uzun, H. Endothelial Dysfunction and Hypertension. Adv. Exp. Med. Biol. 2017, 956, 511–540. [PubMed]
69. Iqbal, I.; Wilairatana, P.; Saqib, F.; Nasir, B.; Wahid, M.; Latif, M.F.; Iqbal, A.; Naz, R.; Mubarak, M.S. Plant Polyphenols and their

Potential Benefits on Cardiovascular Health: A Review. Molecules 2023, 28, 6403. [CrossRef] [PubMed]
70. Kasprzak-Drozd, K.; Oniszczuk, T.; Soja, J.; Gancarz, M.; Wojtunik-Kulesza, K.; Markut-Miotla, E.; Oniszczuk, A. The Efficacy of

Black Chokeberry Fruits Against Cardiovascular Diseases. Int. J. Mol. Sci. 2021, 22, 6541. [CrossRef] [PubMed]
71. Cebova, M.; Klimentova, J.; Janega, P.; Pechanova, O. Effect of Bioactive Compound of Aronia melanocarpa on Cardiovascular

System in Experimental Hypertension. Oxid. Med. Cell. Longev. 2017, 2017, 8156594. [CrossRef] [PubMed]
72. Stojkovic, L.; Jovanovic, I.; Zivkovic, M.; Zec, M.; Djuric, T.; Zivotic, I.; Kuveljic, J.; Kolakovic, A.; Kolic, I.; Djordjevic, A.; et al.

The Effects of Aronia melanocarpa Juice Consumption on the mRNA Expression Profile in Peripheral Blood Mononuclear Cells in
Subjects at Cardiovascular Risk. Nutrients 2020, 12, 1484. [CrossRef] [PubMed]

73. Stojkovic, L.; Zec, M.; Zivkovic, M.; Bundalo, M.; Boskovic, M.; Glibetic, M.; Stankovic, A. Polyphenol-Rich Aronia melanocarpa
Juice Consumption Affects LINE-1 DNA Methylation in Peripheral Blood Leukocytes in Dyslipidemic Women. Front. Nutr. 2021,
8, 689055. [CrossRef] [PubMed]

74. Hawkins, J.; Hires, C.; Baker, C.; Keenan, L.; Bush, M. Daily Supplementation with Aronia melanocarpa (Chokeberry) Reduces
Blood Pressure and Cholesterol: A Meta-Analysis of Controlled Clinical Trials. J. Diet. Suppl. 2021, 18, 517–530. [CrossRef]
[PubMed]

75. Ciocoiu, M.; Badescu, L.; Miron, A.; Badescu, M. The Involvement of a Polyphenol-Rich Extract of Black Chokeberry in Oxidative
Stress on Experimental Arterial Hypertension. Evid. Based Complement. Alternat. Med. 2013, 2013, 912769. [CrossRef] [PubMed]

76. Parzonko, A.; Oswit, A.; Bazylko, A.; Naruszewicz, M. Anthocyans-Rich Aronia melanocarpa Extract Possesses Ability to Protect
Endothelial Progenitor Cells Against Angiotensin II Induced Dysfunction. Phytomedicine 2015, 22, 1238–1246. [CrossRef] [PubMed]

77. Daskalova, E.; Delchev, S.; Peeva, Y.; Vladimirova-Kitova, L.; Kratchanova, M.; Kratchanov, C.; Denev, P. Antiatherogenic and
Cardioprotective Effects of Black Chokeberry (Aronia melanocarpa) Juice in Aging Rats. Evid Based. Complement. Alternat. Med.
2015, 2015, 717439.

78. Iwashima, T.; Kudome, Y.; Kishimoto, Y.; Saita, E.; Tanaka, M.; Taguchi, C.; Hirakawa, S.; Mitani, N.; Kondo, K.; Iida, K. Aronia
Berry Extract Inhibits TNF-Alpha-Induced Vascular Endothelial Inflammation through the Regulation of STAT3. Food Nutr. Res.
2019, 63. [CrossRef] [PubMed]

79. Daskalova, E.; Delchev, S.; Vladimirova-Kitova, L.; Bivolarski, I.; Pencheva, M.; Denev, P. Aronia melanocarpa Fruit Juice Modulates
ACE2 Immunoexpression and Diminishes Age-Related Remodeling of Coronary Arteries in Rats. Foods 2022, 11, 1220. [CrossRef]
[PubMed]

80. Najjar, R.S.; Turner, C.G.; Wong, B.J.; Feresin, R.G. Berry-Derived Polyphenols in Cardiovascular Pathologies: Mechanisms of
Disease and the Role of Diet and Sex. Nutrients 2021, 13, 387. [CrossRef] [PubMed]

81. Skrovankova, S.; Sumczynski, D.; Mlcek, J.; Jurikova, T.; Sochor, J. Bioactive Compounds and Antioxidant Activity in Different
Types of Berries. Int. J. Mol. Sci. 2015, 10, 24673–24706. [CrossRef]

82. Lee, K.P.; Choi, N.H.; Kim, H.; Ahn, S.; Park, I.; Lee, D.W. Anti-Neuroinflammatory Effects of Ethanolic Extract of Black
Chokeberry (Aronia melanocapa L.) in Lipopolysaccharide-Stimulated BV2 Cells and ICR Mice. Nutr. Res. Pract. 2018, 12, 13–19.
[CrossRef] [PubMed]

83. Meng, L.; Xin, G.; Li, B.; Li, D.; Sun, X.; Yan, T.; Li, L.; Shi, L.; Cao, S.; Meng, X. Anthocyanins Extracted from Aronia melanocarpa
Protect SH-SY5Y Cells Against Amyloid-Beta (1–42)-Induced Apoptosis by Regulating Ca(2+) Homeostasis and Inhibiting
Mitochondrial Dysfunction. J. Agric. Food Chem. 2018, 66, 12967–12977. [CrossRef] [PubMed]

84. Lee, H.Y.; Weon, J.B.; Ryu, G.; Yang, W.S.; Kim, N.Y.; Kim, M.K.; Ma, C.J. Neuroprotective Effect of Aronia melanocarpa Extract
Against Glutamate-Induced Oxidative Stress in HT22 Cells. BMC Complement. Altern. Med. 2017, 17, 207. [CrossRef] [PubMed]

85. Wei, J.; Zhang, G.; Zhang, X.; Xu, D.; Gao, J.; Fan, J.; Zhou, Z. Anthocyanins from Black Chokeberry (Aroniamelanocarpa Elliot)
Delayed Aging-Related Degenerative Changes of Brain. J. Agric. Food Chem. 2017, 65, 5973–5984. [CrossRef]

86. Fan, Z.; Wen, H.; Zhang, X.; Li, J.; Zang, J. Cyanidin 3-O-Beta-Galactoside Alleviated Cognitive Impairment in Mice by Regulating
Brain Energy Metabolism during Aging. J. Agric. Food Chem. 2022, 70, 1111–1121. [CrossRef] [PubMed]

87. Daskalova, E.; Delchev, S.; Topolov, M.; Dimitrova, S.; Uzunova, Y.; Valcheva-Kuzmanova, S.; Kratchanova, M.; Vladimirova-
Kitova, L.; Denev, P. Aronia melanocarpa (Michx.) Elliot Fruit Juice Reveals Neuroprotective Effect and Improves Cognitive and
Locomotor Functions of Aged Rats. Food Chem. Toxicol. 2019, 132, 110674. [CrossRef] [PubMed]

88. Wagner, K.; Cameron-Smith, D.; Wessner, B.; Franzke, B. Biomarkers of Aging: From Function to Molecular Biology. Nutrients
2016, 8, 338. [CrossRef] [PubMed]

https://doi.org/10.1016/j.jnutbio.2006.05.003
https://www.ncbi.nlm.nih.gov/pubmed/16860979
https://doi.org/10.1016/j.yjmcc.2022.04.011
https://www.ncbi.nlm.nih.gov/pubmed/35460762
https://doi.org/10.1016/j.vph.2017.05.005
https://www.ncbi.nlm.nih.gov/pubmed/28579545
https://www.ncbi.nlm.nih.gov/pubmed/28035582
https://doi.org/10.3390/molecules28176403
https://www.ncbi.nlm.nih.gov/pubmed/37687232
https://doi.org/10.3390/ijms22126541
https://www.ncbi.nlm.nih.gov/pubmed/34207143
https://doi.org/10.1155/2017/8156594
https://www.ncbi.nlm.nih.gov/pubmed/29333212
https://doi.org/10.3390/nu12051484
https://www.ncbi.nlm.nih.gov/pubmed/32443695
https://doi.org/10.3389/fnut.2021.689055
https://www.ncbi.nlm.nih.gov/pubmed/34222308
https://doi.org/10.1080/19390211.2020.1800887
https://www.ncbi.nlm.nih.gov/pubmed/32794414
https://doi.org/10.1155/2013/912769
https://www.ncbi.nlm.nih.gov/pubmed/23533529
https://doi.org/10.1016/j.phymed.2015.10.009
https://www.ncbi.nlm.nih.gov/pubmed/26655406
https://doi.org/10.29219/fnr.v63.3361
https://www.ncbi.nlm.nih.gov/pubmed/31452653
https://doi.org/10.3390/foods11091220
https://www.ncbi.nlm.nih.gov/pubmed/35563943
https://doi.org/10.3390/nu13020387
https://www.ncbi.nlm.nih.gov/pubmed/33513742
https://doi.org/10.3390/ijms161024673
https://doi.org/10.4162/nrp.2018.12.1.13
https://www.ncbi.nlm.nih.gov/pubmed/29399292
https://doi.org/10.1021/acs.jafc.8b05404
https://www.ncbi.nlm.nih.gov/pubmed/30415542
https://doi.org/10.1186/s12906-017-1716-1
https://www.ncbi.nlm.nih.gov/pubmed/28399910
https://doi.org/10.1021/acs.jafc.7b02136
https://doi.org/10.1021/acs.jafc.1c06240
https://www.ncbi.nlm.nih.gov/pubmed/35040318
https://doi.org/10.1016/j.fct.2019.110674
https://www.ncbi.nlm.nih.gov/pubmed/31306687
https://doi.org/10.3390/nu8060338
https://www.ncbi.nlm.nih.gov/pubmed/27271660


Curr. Issues Mol. Biol. 2024, 46 8087

89. Gill, V.; Kumar, V.; Singh, K.; Kumar, A.; Kim, J. Advanced Glycation End Products (AGEs) may be a Striking Link between
Modern Diet and Health. Biomolecules 2019, 9, 888. [CrossRef] [PubMed]

90. Roca, F.; Grossin, N.; Chassagne, P.; Puisieux, F.; Boulanger, E. Glycation: The Angiogenic Paradox in Aging and Age-Related
Disorders and Diseases. Ageing Res. Rev. 2014, 15, 146–160. [CrossRef] [PubMed]

91. Chaudhary, M.; Khan, A.; Gupta, M. Skin Ageing: Pathophysiology and Current Market Treatment Approaches. Curr. Aging Sci.
2020, 13, 22–30. [CrossRef] [PubMed]

92. Zhao, W.; Cai, P.; Zhang, N.; Wu, T.; Sun, A.; Jia, G. Inhibitory Effects of Polyphenols from Black Chokeberry on Advanced
Glycation End-Products (AGEs) Formation. Food Chem. 2022, 392, 133295. [CrossRef] [PubMed]

93. Sun, C.; McIntyre, K.; Saleem, A.; Haddad, P.S.; Arnason, J.T. The relationship between antiglycation activity and procyanidin
and phenolic content in commercial grape seed products. Can. J. Physiol. Pharmacol. 2012, 2, 167–174. [CrossRef] [PubMed]

94. Her, Y.; Lee, T.; Kim, J.D.; Kim, B.; Sim, H.; Lee, J.; Ahn, J.H.; Park, J.H.; Lee, J.; Hong, J.; et al. Topical Application of Aronia
melanocarpa Extract Rich in Chlorogenic Acid and Rutin Reduces UVB-Induced Skin Damage Via Attenuating Collagen Disruption
in Mice. Molecules 2020, 25, 4577. [CrossRef] [PubMed]

95. Lee, H.; Ryu, H.G.; Lee, Y.; Park, J.A.; Kim, S.; Lee, C.E.; Jung, S.; Lee, K. Effect of Aronia Extract on Collagen Synthesis in Human
Skin Cell and Dermal Equivalent. Oxid. Med. Cell. Longev. 2022, 2022, 4392256. [CrossRef] [PubMed]

96. Goh, A.R.; Youn, G.S.; Yoo, K.; Won, M.H.; Han, S.; Lim, S.S.; Lee, K.W.; Choi, S.Y.; Park, J. Aronia melanocarpa Concentrate
Ameliorates Pro-Inflammatory Responses in HaCaT Keratinocytes and 12-O-Tetradecanoylphorbol-13-Acetate-Induced Ear
Edema in Mice. J. Med. Food 2016, 19, 654–662. [CrossRef] [PubMed]

97. Kim, D.H.; Shin, D.W.; Lim, B.O. Fermented Aronia melanocarpa Inhibits Melanogenesis through Dual Mechanisms of the
PI3K/AKT/GSK-3beta and PKA/CREB Pathways. Molecules 2023, 28, 2981. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/biom9120888
https://www.ncbi.nlm.nih.gov/pubmed/31861217
https://doi.org/10.1016/j.arr.2014.03.009
https://www.ncbi.nlm.nih.gov/pubmed/24742501
https://doi.org/10.2174/1567205016666190809161115
https://www.ncbi.nlm.nih.gov/pubmed/31530270
https://doi.org/10.1016/j.foodchem.2022.133295
https://www.ncbi.nlm.nih.gov/pubmed/35636190
https://doi.org/10.1139/y11-121
https://www.ncbi.nlm.nih.gov/pubmed/22320845
https://doi.org/10.3390/molecules25194577
https://www.ncbi.nlm.nih.gov/pubmed/33036412
https://doi.org/10.1155/2022/4392256
https://www.ncbi.nlm.nih.gov/pubmed/35979399
https://doi.org/10.1089/jmf.2015.3624
https://www.ncbi.nlm.nih.gov/pubmed/27331630
https://doi.org/10.3390/molecules28072981

	Introduction 
	Materials and Methods 
	Search Strategy 
	Selection of Studies 

	Beneficial Health Effects of Aronia melanocarpa 
	Antioxidant Effects 
	Anti-Inflammatory Activity 
	Anti-Obesity Effects 
	Anti-Diabetic Effects 
	Anti-Cancer Effects 
	Cardioprotective Effects 
	Neuroprotective Effects 
	Anti-Aging Effects 

	Conclusions 
	References

