Food Frontiers

| REVIEW ARTICLE @EIEEED

WILEY

Recent Advances in the Bioactive Compounds of Prunes
(Prunus domestica L.) and Their Health Benefits

Tiantian Fu' | Menglin Zhou! |
| Yaqun Liu* | Feifei Gao®

Luyang Han' |
Chongde Sun?

Manxi Wu?
| Yue Wang?®

| HanYang? | Jinping Cao? | Jinhu Tian® |

"Women’s Hospital, School of Medicine, Zhejiang University, Hangzhou, China | 2Fruit Science Institute, College of Agriculture and Biotechnology, Zhejiang
University, Hangzhou, China | 3College of Biosystems Engineering and Food Science, National-Local Joint Engineering Laboratory of Intelligent Food
Technology and Equipment, Zhejiang Key Laboratory for Agro-Food Processing, Zhejiang Engineering Laboratory of Food Technology and Equipment, Zhejiang

University, Hangzhou, China | *Department of Bone and Joint Rehabilitation, Qingdao Special Servicemen Recuperation Center of People’s Liberation Army

Navy, Qingdao, China | *School of Food Science and Technology, Shihezi University, Shihezi, Xinjiang, China | ®Center for Balance Architecture, the
Architectural Design & Research Institute of Zhejiang University Co., Ltd., Hangzhou, China

Correspondence: Yaqun Liu (liuyaqun_smmu@163.com) | Feifei Gao (gaofeifei@shzu.edu.cn) | Yue Wang (fruit@zju.edu.cn)

Received: 2 July 2025 | Revised: 27 October 2025 | Accepted: 8 December 2025

Keywords: antioxidant activity | glycolipid metabolism regulation | immune modulation | laxative effects | osteoporosis prevention | prunes (Prunus domestica

L)

ABSTRACT

Prunes (Prunus domestica L.) are increasingly recognized for their multifaceted health benefits, which are derived from their rich

bioactive compounds. This review aims to consolidate current research on the nutritional components and biological activities

of prunes, emphasizing their potential in health promotion and disease prevention. We explore the diverse bioactive compounds
in prunes, including polyphenols, polysaccharides, and sorbitol, and their implications for antioxidant, anti-inflammatory, and
antimicrobial activities. The review also examines prunes’ effects on laxation, osteoporosis prevention, immune modulation,

and regulation of glycolipid metabolism. Clinical studies and mechanistic insights are discussed to provide a comprehensive

understanding of prunes’ health benefits. The review concludes that prunes possess significant health benefits, with future

research directions focusing on the identification of active compounds, determination of effective doses, mechanistic research,

and clinical validation. This scientific basis for prune-based functional foods and pharmaceuticals development contributes to

personalized nutrition strategies, offering a comprehensive overview of prunes’ potential in healthcare and disease management.

1 | Introduction

Prunes (Prunus domestica L.), a fruit with a long history of culti-
vation and use, have gained increasing attention in recent years as
a prominent functional food due to their remarkable nutritional
value and potential health benefits. Originally cultivated in
regions around the Caucasus Mountains, between the Black
Sea and Caspian Sea, prunes are now widely grown worldwide,
including in areas like Ili in Xinjiang, China (Zhebentyayeva et al.
2019). Their global popularity can be attributed to their unique

taste and rich nutritional profile but also to a growing body of
scientific evidence supporting their diverse bioactive properties.
This evidence has solidified their status as a model functional
food, capable of delivering health benefits beyond basic nutrition
(Wallace 2017).

A growing body of research has highlighted a broad range of
health benefits associated with prunes, making them a subject of
interest in both nutrition and medicine. Comprehensive reviews
have summarized their wide-ranging pharmacological activi-
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ties, including well-established antioxidant, anti-inflammatory,
antimicrobial, and neuroprotective properties (Mishra and Vyas
2021; Shukla and Kishan 2021). Specific benefits that have
garnered significant attention include their role in promoting
digestive health, partly by positively modulating the gut micro-
biome (de Souza et al. 2022), preventing bone loss, managing
weight, and regulating cholesterol levels (Askarpour et al. 2023;
Chey et al. 2021; Navarro-Hoyos et al. 2021; G. Noratto et al.
2015; Park et al. 2023). Prunes are rich in essential vitamins,
including vitamins (A, C, and K), minerals (potassium and
magnesium), and dietary fiber. They also contain significant
amounts of polyphenolic compounds like chlorogenic acid (CGA)
and anthocyanins, which are central to their bioactive effects
(Stacewicz-Sapuntzakis 2013). These components collectively
contribute to prunes’ ability to improve various aspects of health.

While individual studies have explored the health-promoting
properties of prunes, several reviews have also summarized their
general phytochemical and pharmacological activities (Mishra
and Vyas 2021; Shukla and Kishan 2021). These works have laid
a valuable foundation by documenting the broad therapeutic
potential of Prunus domestica. However, there remains a need
for an updated and focused synthesis that delves deeper into the
recent mechanistic insights and consolidates the growing body of
clinical evidence. Much of the existing research on mechanisms is
fragmented across specific health outcomes, such as osteoporosis,
gut health, and metabolic regulation. Therefore, this review aims
to build upon previous work by systematically analyzing the latest
research on the nutritional components and biological activities
of prunes. We will place a strong emphasis on elucidating the
molecular mechanisms of action underlying their health benefits
and assessing their therapeutic applications based on recent
clinical trials. While other species in the genus, such as Prunus
spinosa, also exhibit notable health benefits (Bei et al. 2024), our
focus remains strictly on Prunus domestica L. By synthesizing
these advanced findings, this review will not only contribute to
the understanding of prunes’ health benefits but also provide a
scientific basis for the development of functional foods and drugs
based on prunes.

2 | Bioactive Compounds of Prunes

2.1 | Polyphenols

Polyphenols are the primary bioactive compounds in prunes and
are widely recognized for their health-promoting effects. These
compounds, abundant in many fruits, contribute to a variety of
biological activities, including antioxidant activity, osteoporosis
inhibition, anti-inflammatory effects, obesity prevention, regula-
tion of glucose metabolism, and modulation of gut microbiota and
cholesterol metabolism (Drogoudi and Pantelidis 2022; Navarro-
Hoyos et al. 2021; Navarro et al. 2018; Smith et al. 2022; Mirza et al.
2018; G. Noratto et al. 2015; Rybak and Wojdylo 2023; Chiu et al.
2017).

The polyphenols in prunes can be categorized into four major
groups: phenolic acids, flavonols, anthocyanins, and flavan-3-
ols. It is noteworthy that while some classifications define
polyphenols strictly as compounds with multiple phenolic rings,
the term is broadly used in nutrition and food science to include

major groups of phenolic compounds like phenolic acids, which
are structurally diverse (Manach et al. 2004). Each of these groups
has distinct health benefits, contributing to the overall bioactivity
of prunes (Figure 1).

2.1.1 | Phenolic Acids

Phenolic acids are a predominant class of polyphenols in
prunes, broadly categorized into hydroxybenzoic acids and
hydroxycinnamic acids. This group includes hydroxybenzoic
acids such as syringic acid, protocatechuic acid, and gallic acid,
as well as derivatives of hydroxycinnamic acid, most notably
CGA, neochlorogenic acid, and caffeoylshikimic acid (Michalska,
Wojdylo, Lech, et al. 2016; Michalska, Wojdylo, Majerska, et al.
2019; Mileti¢ et al. 2013).

Neochlorogenic acid and CGA are the most abundant phenolic
acids in prunes. These compounds are renowned for their
potent antioxidant and anti-inflammatory properties, which they
exert by effectively neutralizing free radicals and inhibiting the
production of proinflammatory cytokines such as TNF-a and
IL-6, primarily through the modulation of the NF-xB signaling
pathway (Navarro-Hoyos et al. 2021; Santana-Galvez et al. 2017).
Moreover, CGA has been strongly implicated in the regulation of
glucose metabolism. It can improve insulin sensitivity and lower
postprandial blood glucose levels by inhibiting enzymes like a-
glucosidase and glucose-6-phosphatase, making it beneficial for
managing hyperglycemia (Rybak and Wojdyto 2023; Tajik et al.
2017). Other phenolic acids, while present in smaller quantities,
also contribute to the overall bioactivity, with protocatechuic acid
demonstrating significant radical-scavenging and antimicrobial
activities (Kakkar and Bais 2014).

2.1.2 | Flavonols

Flavonols are derivatives of quercetin, kaempferol, and myricetin,
often present as monosaccharides or disaccharides, with rutin
being the most common flavonols in prunes (Michalska, Wojdylo,
Lech, et al. 2016; Michalska, Wojdylo, Majerska, et al. 2019; Tomic
et al. 2019). These flavonol compounds are commonly found in
the Rosaceae family and are similar to those found in apples and
peaches (Navarro et al. 2018; G. Noratto et al. 2015). Flavonols
contribute to prunes’ antioxidant and anti-inflammatory effects
by modulating oxidative stress and inflammation pathways. They
also play a role in the prevention of bone loss, potentially through
the inhibition of osteoclast differentiation (Smith et al. 2022).

2.1.3 | Anthocyanins

Anthocyanins, the coloring agents in prunes, consist of cyanidin
and peonidin aglycones, with glycosides including glucoside,
xyloside, and rutinoside. Among these, cyanidin-3-O-glucoside
and cyanidin-3-O-rutinoside are the most abundant, which are
responsible for their purple color (Michalska, Wojdylo, Lech, et al.
2016; Michalska, Wojdylo, Majerska, et al. 2019; Sahamishirazi
et al. 2017; Tomic et al. 2019; Wesche-Ebeling 1996). These
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FIGURE 1 | Classification of major polyphenolic compounds in prunes.

compounds have strong antioxidant effects, protecting cells from
oxidative damage (Navarro et al. 2018).

2.1.4 | Flavan-3-ols

Flavan-3-ols are predominantly represented by catechin and
epicatechin (Michalska, Wojdylo, Lech, et al. 2016). Flavan-3-ols
are known for their potent antioxidant properties and their ability
to inhibit the activities of enzymes involved in oxidative stress
(Kimura et al. 2008; Navarro et al. 2018).

The polyphenol content in prunes is influenced by several factors,
including fruit variety, tissue type, maturity, harvest timing,
environmental conditions (such as temperature, light, and mois-
ture), and processing methods like drying (Michalska, Wojdylo,
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Majerska, et al. 2019; Sahamishirazi et al. 2017; Tomic et al. 2019;
Wesche-Ebeling et al. 1996). For example, while the combination
of convective predrying and microwave finish-drying may better
preserve polyphenols compared to vacuum drying, the exact
impact of different drying methods on the bioavailability of
polyphenols in prunes requires further investigation (Michalska,
Honke, et al. 2016).

2.2 | Polysaccharides

The polysaccharides in prunes are primarily concentrated in
the cell wall, with pectin and hemicellulose being the major
components. Pectin is one of the most important polysaccharides,
characterized by a high content of uronic acids and a relatively
low content of cellulose glucose (Renard and Ginies 2009). The
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high degree of methylation in pectin may affect its gelling prop-
erties and solubility during food processing (Renard and Ginies
2009). The main component of hemicellulose is glucuronoxylan,
which contains xylose, glucose, galactose, and small amounts
of fucose (Renard and Ginies 2009). The neutral sugars in the
cell wall of prunes are mainly galactose and arabinose, and
their proportions vary among different cultivars (Renard and
Ginies 2009). Prune pectin polysaccharides have a complex
branched structure, where glucose may be directly linked to
galacturonic acid (GalA) either as single residues or in the form
of cellobiose (Nunes et al. 2012). The dietary fiber content in
prune pomace is five to nine times higher than that in the flesh,
indicating that pomace is a rich source of dietary fiber (Kosmala
et al. 2013). The physical properties of prune polysaccharides,
such as water-holding capacity and swelling ability, are also
influenced by their composition and structure (Kosmala et al.
2013). Popov et al. extracted pectin polysaccharides (PD) from
prunes and discovered a complex structure, with the linear
regions are mainly composed of GalA and rhamnogalacturonan
(RG), while the branched regions primarily consist of 1,4-linked
B-D-galactopyranose residues, along with a smaller amount of
1,5-linked a-L-arabinofuranose residues (Popov et al. 2014).

The composition and structure of prune cell wall polysaccharides
are affected by variety, ripeness, and processing methods. There
are significant differences in the polysaccharide composition
of the cell wall among different prune varieties, and changes
in ripeness may alter the composition and structure of the
polysaccharides, influencing their behavior during processing
(Renard and Ginies 2009). Furthermore, processing methods,
such as enzyme-assisted extraction, can significantly impact the
extraction efficiency and functionality of polysaccharides (Fatimi
et al. 2007; Kosmala et al. 2013). The degradation of prune
polysaccharides and fruit softening are closely related to the
activity of cell wall-degrading enzymes. Studies have shown
that 1-methylcyclopropene (1-MCP) treatment could significantly
inhibit the activity of these enzymes, reducing polysaccharide
degradation and thus delaying fruit softening (Lin et al. 2018).
In addition, different extraction methods significantly affect
polysaccharide yield and quality. Extraction using simulated
gastric fluid yields a higher output with better bioactivity (Popov
et al. 2014), while using weak organic acids such as citric acid
is environmentally friendly and may retain more bioactive com-
pounds (Konrade et al. 2023). Cantu-Jungles et al. successfully
isolated polysaccharides with different structural characteristics
from prunes through various extraction and purification steps,
showing notable gastroprotective effects (Cantu-Jungles et al.
2014).

In terms of bioactivity, prune polysaccharides exhibit notable
anti-inflammatory and antioxidant properties. Studies have
shown that these polysaccharides possess anti-inflammatory and
antioxidant activities, capable of inhibiting the production of
superoxide anion radicals, reducing the adhesion of inflamma-
tory cells, and possibly exerting their effects by modulating
cellular signaling pathways (Popov et al. 2014). These polysac-
charides offer various health benefits, such as significantly
reducing the expression of inflammatory markers, including
nitric oxide (NO) and cyclooxygenase-2 (COX-2), induced by
lipopolysaccharides (LPS) in RAW 264.7 macrophages (Nunes

etal. 2012). Therefore, research on prune polysaccharides not only
contributes to understanding their roles in food processing and
nutritional health but also holds potential for providing valuable
raw materials for the pharmaceutical and cosmetic industries.

Pectin and hemicellulose, as the principal polysaccharides in
prunes, exhibit distinct differences in their core structure and
monosaccharide composition, leading to diverse biological func-
tions and nutritional significance (Figure 2).

2.3 | Sorbitol

Sorbitol is a key nonstructural carbohydrate in prunes, contribut-
ing to their natural sweetness and taste (Cinquanta et al. 2002).
Both prunes and prune juice contain relatively high levels of
sorbitol, which not only influences their sensory properties but
also plays a significant role in the health benefits attributed to
these fruits (Gill et al. 2019; Stacewicz-Sapuntzakis 2013). The
sorbitol content in prunes is influenced by factors such as cultivar,
ripeness, and processing methods. For example, dehydration and
heating during processing can alter sorbitol levels. The analysis
of dried prunes from major producing countries (United States,
Chile, France, and Argentina) showed a high sorbitol content,
ranging from 11.2 g/100 g to 15.5 g/100 g, which is notably
higher than the content in their nondried counterpart plums
(5.4 g/100 g; Gill et al. 2019; Stacewicz-Sapuntzakis et al. 2001).
Climate conditions, especially precipitation and temperature,
have a significant impact on sorbitol content. Under water stress,
the accumulation of sorbitol may be related to changes in enzyme
activity. Indeed, sorbitol exhibited a significant negative corre-
lation with precipitation (r = —0.222) and a significant positive
correlation with temperature (r = 0.472). This correlation suggests
that, compared to the relatively wetter period of 2008-2011, the
accumulation of sorbitol in plum fruits reached its maximum
annual average content of 4.06% in the water-deficit and high-
temperature conditions observed in 2012 (Dugalic et al. 2014).
Organic farming systems, which often expose plants to controlled
stress, tend to result in higher sorbitol content, potentially due
to the enhanced accumulation of secondary metabolites (Usenik
2021). Additionally, the sorbitol content varies among different
prune cultivars and remains relatively stable during drying,
suggesting that physical pretreatments such as peeling or soaking
do not significantly affect sorbitol levels (Cinquanta et al. 2002).

Sorbitol has a laxative effect, which may help prevent con-
stipation and be beneficial for gut health by promoting the
growth of beneficial bacteria, thus acting as a prebiotic (Gill
et al. 2019; Stacewicz-Sapuntzakis 2013). Sorbitol is metabolized
more slowly than glucose, and a significant portion may reach
the intestines, where microbial fermentation could result in
bloating and loose stools (Stacewicz-Sapuntzakis et al. 2001).
Sorbitol could significantly inhibit intestinal glucose absorption
in diabetic rats, increase glucose utilization in muscle tissue,
and lower blood glucose levels (Niu et al. 2024). This suggests
potential benefits for dietary management in diabetic patients
(Gill et al. 2019). Sorbitol may also influence calcium absorption;
studies have shown that certain sugars can enhance calcium
absorption in the intestines of rats, and sorbitol may act through
a similar mechanism (Stacewicz-Sapuntzakis 2013).

40f21

Food Frontiers, 2026



Polysaccharides Schematic Chemical
Classification Structure

] [ Biological/Nutritional Significance J

branched regions

[ Pectin

/

linear regions

N\

Ogalacturonic acid O arabinose

/7 rhamnose
O galactose

Q xylose

FIGURE 2 | Major polysaccharides in prunes.

2.4 | Other Bioactive Compounds

In addition to polyphenols, polysaccharides, and sorbitol, prunes
and their by-products, particularly the kernels, contain other
bioactive molecules such as fatty acids and proteins.

2.4.1 | Fatty Acids

While the flesh of the prune is characteristically low in fat, the
kernel is a rich source of fixed oil. Prune kernel oil is predom-
inantly composed of unsaturated fatty acids, with oleic acid (a
monounsaturated omega-9) and linoleic acid (a polyunsaturated
omega-6) being the most abundant (Savic et al. 2020). These fatty
acids are known for their beneficial effects on cardiovascular
health, helping to lower LDL cholesterol levels and exerting
anti-inflammatory properties (Saini and Keum 2018).

2.4.2 | Proteins and Bioactive Peptides

Similar to lipids, the protein content in prune flesh is minimal.
However, prune seeds contain a significant amount of protein
that can serve as a source of bioactive peptides. Recent in silico
studies have identified several peptides, including HLLP, LPLL,

4 glucuronic acid

Gelling properties

\/‘ NO
Anti-inflammatory
and — COX-2
Antioxidant
\i Free
radical

Water-holding 2,2\\/ &=

Maintaining gut
health

v

LPAGYV, and NLPL, derived from prune seed proteins (Gupta et al.
2024). These peptides are predicted to have potent immunomod-
ulatory activity by inhibiting proinflammatory cytokines IL-17A
and IL-23, suggesting their potential as therapeutic agents for
autoimmune diseases like systemic lupus erythematosus (SLE).
While promising, this research is still in a preliminary stage
and requires further experimental validation to confirm these
health benefits. The valorization of prune kernels for protein and
peptide extraction represents a promising avenue for utilizing
food industry by-products (Udenigwe and Aluko 2011).

3 | Health Benefits of Prunes

3.1 | Laxative Effects

Constipation is a common gastrointestinal disorder characterized
by infrequent bowel movements, hard stools, and difficulty in
defecation. It is often caused by factors such as poor dietary
habits, lack of physical activity, psychological stress, certain
medications, and chronic diseases (Hull et al. 1980). Populations
such as older adults, pregnant women, bedridden individuals,
and those with chronic conditions are particularly susceptible to
constipation (Higgins and Johanson 2004).
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FIGURE 3 | Laxative effects of prunes.

Beyond causing direct physiological complications such as hem-
orrhoids, anal fissures, and intestinal obstruction, constipation
can also lead to psychological issues like anxiety and depression
(Cheng et al. 2003), significantly affecting quality of life. In
some cases, chronic constipation may indicate underlying health
problems such as colorectal cancer or other gastrointestinal
conditions (Watanabe et al. 2004). Effective prevention and
treatment strategies are therefore crucial, and lifestyle changes—
such as increased fiber intake, proper hydration, and regular
physical activity—are foundational in managing this condition.
Natural interventions, such as consuming prunes, have been
shown to significantly alleviate constipation, likely due to their
high-fiber and sorbitol content (Chey et al. 2021; Chiu et al. 2017).

Prunes are widely recognized for their laxative properties, which
are one of their most well-established health benefits. The exact
mechanisms responsible for their laxative effects remain an area
of active investigation, but studies consistently show that prunes
can effectively relieve constipation, improve stool consistency,
and enhance bowel motility (Figure 3).

3.1.1 | Laxative Phenotype

Although the exact active components responsible for the laxative
effects of prunes remain unclear, numerous studies, particularly
clinical trials, have consistently demonstrated the efficacy of
prunes in relieving constipation. These findings suggest that
prunes may have multiple mechanisms of action, which can
complement each other in promoting bowel regularity. For
example, Lever et al. conducted a randomized controlled trial
(RCT) and found that prune consumption significantly increased
stool weight and frequency. They proposed that this effect could
be attributed to prunes’ ability to enhance intestinal motility
by increasing both the volume and water content of intestinal
contents. In line with this, prunes may also promote gut health
by modulating gut microbiota composition and stimulating the
production of short-chain fatty acids (SCFAs), which further
support gastrointestinal function (Lever et al. 2019). In a similar
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vein, Hull et al. demonstrated that a combination of prune juice
and bran was effective in improving constipation among older
adults. This outcome was primarily attributed to the synergistic
effects of prunes’ dietary fiber and sorbitol, an osmotic laxative,
which together help soften stools and increase stool frequency
(Hull et al. 1980). Furthermore, Chey et al. showed that daily con-
sumption of 100 g of prunes for 4 weeks significantly increased the
frequency of complete spontaneous bowel movements (CSBMs),
improved stool consistency, and reduced straining in adults
with chronic constipation. This suggests that prunes not only
enhance stool frequency but also improve stool quality, reducing
discomfort during bowel movements (Chey et al. 2021).

Koyama et al.’s 8-week prune juice intervention supports these
findings, demonstrating that prunes can reduce the occurrence of
hard and lumpy stools while promoting normal stool consistency,
without causing diarrhea or loose stools. The absence of adverse
events or side effects in their study underscores the safety profile
of prunes as a long-term solution for constipation (Koyama et al.
2022). These results align with those of Attaluri et al., who com-
pared prunes to psyllium, a commonly used fiber supplement.
Despite both providing the same amount of fiber (6 g/day), prunes
were more effective at increasing weekly CSBMs and improving
stool consistency. This suggests that the laxative effect of prunes
might involve more than just fiber content, potentially pointing
to the additional roles of sorbitol and bioactive compounds like
phenolic acids in promoting bowel regularity (Attaluri et al. 2011).

In elderly volunteers with constipation, Sairanen et al. explored
a combined intervention of prunes (12 g/day), galacto-
oligosaccharides (GOS, 12 g/day), and flaxseeds (6 g/day) in
elderly participants. This combination significantly softened
stools and alleviated constipation. The contribution of prunes
to this effect can be attributed not only to their high-fiber and
sorbitol content but also to their phenolic compounds, such
as neochlorogenic acid and CGA, which may enhance their
stool-softening properties. This further illustrates how prunes’
multiple bioactive components may work synergistically to
improve gut function (Sairanen et al. 2007).
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3.1.2 | Gut Microbiome and Additional Mechanisms

The gut plays a central role in mediating the bioactive effects of
prunes, enabling them to regulate cholesterol, improve obesity
outcomes, and support bone health. Chiu et al.,, in a ran-
domized, placebo-controlled study, demonstrated that a 4-week
intervention with prune extract concentrate (PEC) significantly
increased beneficial gut bacteria, such as Bifidobacterium spp.
and Lactobacillus spp., while reducing harmful bacteria, includ-
ing Clostridium perfringens and Escherichia coli, in participants
with mild hypercholesterolemia. These changes were accompa-
nied by significant reductions in total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-c), suggesting that prunes
may promote cholesterol regulation via gut health modulation
(Chiu et al. 2017). Similarly, Noratto et al. found that sugar-free
prune juice altered the gut microbiome composition in obese
Zucker rats, increasing the abundance of Bacteroidetes, Faecal-
ibacterium, and Lactobacillus. The intervention also elevated fecal
concentrations of SCFAs, such as acetate and propionate, which
are products of microbial fiber fermentation. Additionally, rats
consuming prune juice exhibited lower body weight compared
to those fed with peaches, highlighting the dual effects of prunes
on both gut health and obesity (G. D. Noratto et al. 2014). In a
12-month RCT, Simpson et al. explored the impact of prunes on
the gut microbiome in postmenopausal women. The study found
that prunes improved gastric motility, supported cardiovascular
health, and helped mitigate bone loss. Furthermore, changes in
the gut microbiome were correlated with alterations in urinary
phenolic metabolites and plasma inflammatory markers, such as
IL-16, suggesting potential mechanisms underlying these health
benefits (Simpson et al. 2022).

3.1.3 | Mechanisms of Laxative Action

The molecular mechanisms underlying the laxative effects of
prunes remain incompletely understood, with current studies
still in the preliminary stages. Nishida et al. investigated the
role of pectin from Prunus domestica in modulating intestinal
epithelial function. They found that prune pectin interacts with
fibronectin and binds to the a5f1 integrin, thereby activating
the ERK1/2 signaling pathway. This activation led to increased
expression of heparan sulfate 6-O-endosulfatase 2 (HSulf-2),
which modified the sulfation patterns of heparan sulfate (HS),
a glycosaminoglycan involved in cell signaling, on the surface
of differentiated Caco-2 cells (Nishida et al. 2014). In follow-up
studies using Caco-2 and rat IEC-6 cell models of the intestinal
epithelium, the same group showed that prune pectin further
altered HS structures on Caco-2 cells and enhanced the secretion
of Wnt3a. This secretion indirectly stimulated the proliferation of
IEC-6 cells (Nishida, Murata, Oshima, et al. 2015). The authors
hypothesized that these alterations in HS structure and Wnt3a
signaling might mediate the morphological changes in the small
intestine induced by prune pectin, which could contribute to the
laxative effects of prunes.

3.2 | Osteoporosis Prevention Effects

Osteoporosis is a progressive bone disease characterized by a
decrease in bone mineral density (BMD) and structural dete-
rioration, which increases fracture risk. It is a major concern

in aging populations, especially postmenopausal women, where
hormonal changes contribute to bone loss (Damani et al. 2022).
Risk factors include not only aging and gender but also lifestyle
factors such as lack of physical activity, poor nutrition (e.g.,
insufficient calcium and vitamin D), smoking, and excessive
alcohol consumption (Zhu and Prince 2015). Medications like
glucocorticoids, which affect bone metabolism, and other chronic
conditions also exacerbate osteoporosis risk (Banu 2013). The dis-
ease can lead to severe health consequences, including fractures,
chronic pain, immobility, and a reduced quality of life. Therefore,
effective prevention strategies are critical for reducing the burden
of osteoporosis, with emerging natural products, such as prunes,
showing promising potential.

Prunes are rich in bioactive compounds, including boron, mag-
nesium, potassium, and polyphenolic compounds, which are
believed to play crucial roles in supporting bone metabolism.
These bioactive compounds may inhibit bone resorption and
stimulate bone formation, positioning prunes as an effective
dietary strategy for osteoporosis prevention (Damani et al. 2022;
George et al. 2022). Beyond their rich nutrient profile, prunes
offer unique molecular mechanisms that affect osteoblast and
osteoclast activity, providing a holistic approach to managing
osteoporosis (Figure 4).

321 |
Activity

Effects of Prunes in Regulating Osteoblast

Prunes contain a variety of bioactive compounds, including
polyphenols, carbohydrates, and nanovesicles, which have shown
promising effects in regulating osteoblast activity. Park et al.
identified that exosome-like nanovesicles derived from prunes
(PENVs) significantly promoted the proliferation, differentiation,
and mineralization of MC3T3-El preosteoblast cells through the
BMP-2/MAPK/Smadl-dependent Runx2 signaling pathway. This
process upregulated the expression of key osteoblast differentia-
tion genes and proteins. The findings suggest that prune-derived
nanovesicles play a crucial role in enhancing bone formation
by stimulating osteoblast activity, providing a potential strategy
for osteoporosis management (Park et al. 2023). Graef et al.
analyzed prune polyphenol extracts and identified two active
fractions, DP-FrA and DP-FrB, which significantly enhanced
bone morphogenetic protein (BMP) signaling. These fractions
increased the expression of Bmp2 and Runx2 genes and elevated
the phosphorylation levels of Smadl/5 proteins. Consequently,
extracellular alkaline phosphatase (ALP) activity and mineralized
nodule formation in MC3T3-E1 cells were enhanced. Notably,
DP-FrB upregulated Takl and Smadl expression while increas-
ing phosphorylated p38 protein levels. In primary osteoblasts,
both DP-FrA and DP-FrB reversed TNF-a-induced ALP activity
suppression, further promoting mineralization and osteoblast
function (Graef et al. 2018). Similarly, Delgado Cuenca et al.
further explored the effects of prune consumption on human
osteoblast activity and gene expression. Their study revealed that
prune-derived polyphenolic compounds increased ALP activity
and upregulated critical bone marker genes, including RUNX2,
osterix, -catenin, and CX43, thus enhancing osteoblast function
and bone formation (Delgado Cuenca et al. 2017).

An intriguing study by Léotoing et al. investigated the effects of
prune extracts with differing CGA content on femoral BMD in
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ovariectomized rats, a model for postmenopausal osteoporosis.
The researchers compared high-chlorogenic acid (HCA) and
low-chlorogenic acid (LCA) prune extracts and found that a
high-fiber diet supplemented with LCA prune juice concentrate
effectively prevented the reduction in total femoral BMD caused
by estrogen deficiency. Interestingly, the findings suggest that the
bone-protective effects of prunes may not be entirely dependent
on their polyphenol (CGA) content. This raises the possibility
that other bioactive components in prunes, such as dietary fiber
or specific micronutrients, may contribute significantly to their
beneficial effects on bone health. These results highlight the need
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for further research to identify and understand the mechanisms
of these additional components, which could broaden the thera-
peutic potential of prunes in osteoporosis management (Leotoing
et al. 2016).

3.2.2 | Prunes’ Role in Modulating Osteoclast Activity
and Inflammation

In addition to promoting osteoblast function, prunes also influ-
ence osteoclast activity, thereby balancing bone resorption and
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formation. Shahnazari et al. found that prune supplementation
reduced osteoclast surface and serum CTX levels, key markers
of bone resorption, in C57Bl/6 mice. This was accompanied by
a reduction in proinflammatory cytokines, such as IL-1, TNF,
and MCP-1, suggesting that prunes may have anti-inflammatory
effects that support bone health (Shahnazari et al. 2016). In a sub-
sequent study, Smith et al. demonstrated that prune polyphenols
suppressed osteoclast differentiation through NFATc1 inhibition,
while simultaneously restoring osteoblast activity via BMP-2
signaling. These findings highlight prunes’ dual role in regulating
both osteoblast and osteoclast activity, contributing to bone
health through a balance of bone formation and resorption
(Smith et al. 2022). In another study, Deyhim et al. evaluated
the restorative effects of prunes on bone density in a post-
menopausal osteoporosis model using ovariectomized rats. They
demonstrated that prune supplementation significantly restored
bone density in the femur and tibia, improved lumbar vertebrae
bone density, and enhanced the overall mechanical strength of
bones, including yield strength and ultimate strength. Further-
more, prunes improved trabecular microstructural properties,
contributing to an overall increase in bone quality (Deyhim et al.
2005).

In clinical research, Damani et al. comprehensively reviewed the
benefits of prunes for postmenopausal women with osteoporosis.
A daily intake of 50-100 g of prunes over 6-12 months was
consistently associated with improved bone health, highlighting
their potential as a natural dietary intervention. The underlying
mechanisms are thought to involve antioxidative and anti-
inflammatory pathways, including the inhibition of NF-xB and
NFATcl signaling. This reduces cytokine expression in osteo-
clast precursors and suppresses TNF-a secretion by monocytes
and T cells. Additionally, prunes may mitigate oxidative stress
and influence gut microbiota composition, thereby modulating
immune responses and maintaining gut barrier integrity—both
of which are critical for bone health (Damani et al. 2022). George
et al. investigated the effects of prunes on bone metabolism
in male patients with osteoporosis. A daily intake of 50 g of
prunes for 3 months significantly reduced serum osteocalcin and
osteoprotegerin (OPG) levels while increasing the OPG:RANKL
ratio, suggesting a beneficial effect on bone turnover (George
et al. 2022). Al-Dashti et al.,, through a randomized crossover
trial, examined the short-term impact of prune consumption
on bone resorption in healthy postmenopausal women. They
observed a notable decrease in serum C-terminal telopeptide
of type I collagen (CTX), a marker of bone resorption, indi-
cating that prunes might help reduce bone loss even in the
short term (Al-Dashti et al. 2019). Hooshmand et al. conducted
several studies using dual-energy X-ray absorptiometry (DEXA)
to measure BMD in postmenopausal women with osteoporosis.
Their results showed that prunes prevent bone loss by suppress-
ing bone resorption (reducing TRAP-5b levels) and promoting
bone formation (elevating the BAP/TRAP-5b ratio; Hooshmand,
Chai, et al. 2011; Hooshmand, Kern, et al. 2016). In parallel,
their research on healthy males found that prune consumption
reduced bone resorption markers (CTX and TRAP-5b), likely
through mechanisms involving IGF-I signaling. These findings
support the hypothesis that prunes improve bone health by
simultaneously promoting bone formation and inhibiting bone
resorption (Hooshmand, Gaffen, et al. 2022).

3.2.3 | Prune Supplementation in Special Conditions:
Radiation, Microgravity, and Maternal Effects

Prunes have also shown potential in specialized applications,
such as preventing bone loss caused by radiation and micrograv-
ity. Schreurs et al. demonstrated that prune powder effectively
suppressed radiation-induced upregulation of osteoclastogenesis-
related genes, including Rankl, Mcpl, and Tnf-a, which are
associated with bone loss due to oxidative stress. This suggests
that prunes may offer a protective role in radiation-associated
bone degeneration (Schreurs et al. 2016). Similarly, Steczina et al.
found that prune supplementation preserved bone microstruc-
ture and mechanical properties in mice subjected to simulated
spaceflight conditions, which is important for bone health in
astronauts (Steczina et al. 2020). Additionally, Monsefi et al.
showed that maternal prune supplementation during pregnancy
enhanced offspring bone development, suggesting that prunes
may influence bone health across generations (Monsefi et al.
2013). These studies underscore the broad potential of prunes in
both specialized and everyday bone health applications.

3.3 | Immune Modulation Effects

Immune-related diseases, including autoimmune diseases and
immunodeficiency disorders, result from dysfunctions in the
immune system. Autoimmune diseases, such as SLE and rheuma-
toid arthritis (RA), occur when the immune system erroneously
targets the body’s own tissues, leading to chronic inflamma-
tion and progressive tissue damage (Alarcon-Segovia et al.
2005). In contrast, immunodeficiency disorders, exemplified by
acquired immunodeficiency syndrome (AIDS), are characterized
by impaired or deficient immune function, rendering individuals
more susceptible to infections and other complications (Chinen
and Shearer 2010). The etiology of these diseases is multifactorial,
involving genetic predisposition, environmental factors (e.g.,
viral infections, specific medications, ultraviolet radiation, or
exposure to radiation), and aberrant immune cell functionality
(Basso et al. 2014). Additionally, dietary components, such as
high-sugar intake, gluten, and dairy products, are considered
potential environmental triggers that may exacerbate immune
dysregulation in susceptible individuals (Mirza et al. 2018; Popov
et al. 2014). The clinical manifestations of immune diseases are
diverse and can include chronic inflammation, tissue destruction,
and organ dysfunction, often resulting in debilitating symptoms
such as pain, joint deformities, and fatigue (Gupta et al. 2024;
Karasawa et al. 2012; Youssef, Menze, et al. 2020). Emerging
evidence suggests that dietary interventions may play a pivotal
role in modulating immune responses, potentially mitigating
the severity or progression of immune-related diseases (Table 1;
Limketkai et al. 2023; Okawa et al. 2020; Xiao et al. 2024).

3.3.1 | Prunes Contribute to Immune Regulation by
Modulating

Prunes exhibit significant anti-inflammatory properties through
multiple mechanisms and bioactive components. Popov et al.
demonstrated that prune polysaccharides significantly inhibit
PMA-induced adhesion of peritoneal leukocytes, particularly
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after digestion with 1,4-a-D-polygalacturonase, which targets the
PD-1 component (Popov et al. 2014). Similarly, Hooshmand et al.
observed that 1000 pg/mL of prune polyphenols reduced NO
production by 43% and MDA by 32% in LPS-induced RAW264.7
cells. They also significantly inhibited COX-2 expression, further
confirming the anti-inflammatory potential of prune polyphenols
(Hooshmand et al. 2015). Silvan et al. corroborated these findings,
reporting that prune juice extracts suppress LPS-induced NO
production (Silvan et al. 2020). Furthermore, Kaulmann et al.
showed that prune extracts reduce IL-6 secretion in THP-1 cells
and IL-8 levels in intestinal cell coculture models, highlighting
their positive impact on gut-related inflammation (Kaulmann
et al. 2016).

3.3.2 | Prunesin Allergy and Autoimmune Disease
Modulation

Prunes contribute to immune regulation by modulating Th1/Th2
balance and reducing allergic responses. Karasawa et al. demon-
strated that prune extract supplementation reduced sneezing
frequency and specific IgE levels in a dust mite allergy mouse
model. Prunes also increased the IFN-y*/IL-4* ratio in spleno-
cytes, suggesting a shift toward Thl dominance. Mechanistically,
prunes regulate Stat6, Btk, and Stiml pathways to balance Thl
and Th2 cells, reduce mast cell degranulation, and alleviate
allergic reactions (Karasawa et al. 2012). In autoimmune diseases,
Gupta et al. conducted computational simulations identifying
four peptides (HLLP, LPLL, LPAGV, and NLPL) derived from
prune seeds that inhibit IL-17A and IL-23 activity. This suggests a
potential therapeutic effect on SLE by reducing proinflammatory
cytokine activity (Gupta et al. 2024).

Prunes can mitigate joint damage and inflammation in arthritis
models by targeting both inflammatory and bone resorption
pathways. Mirza et al. found that a 20% prune diet over 4 weeks
reduced arthritis onset and bone erosion in TNF-overexpressing
transgenic mice. It also lowered the generation of TRAP-
positive osteoclasts, preserved cartilage, and reduced synovitis.
Neochlorogenic acid, a major polyphenol in prunes, was iden-
tified as a key bioactive compound. It inhibits NF-xB activation
and NFATc1 expression while downregulating proinflammatory
cytokines like IL-13, MCP1, MIPla, MMP1 & 3, and RANKL
(Mirza et al. 2018).

3.3.3 | Prunes as Therapeutic Nanoparticle Carriers and
Specialized Anti-Inflammatory Compounds

Prunes also serve as an innovative platform for delivering anti-
inflammatory agents and specialized bioactives. Islam et al.
explored the use of gum-stabilized gold and silver nanopar-
ticles (Au/Ag-NPs) derived from prunes in a carrageenan-
induced paw edema model. At doses of 40 and 80 mg/kg, the
nanoparticles significantly alleviated inflammation (Islam et al.
2017). Meanwhile, Youssef et al. studied the lignan glycoside
pinoresinol-4-O-3-D-glucopyranoside (PGu) isolated from prunes
in a lithium/pilocarpine-induced epilepsy model in rats. PGu
reduced COX-2 and iNOS expression and delayed the onset of

seizures in a dose-dependent manner, improving survival rates
and reducing seizure frequency (Youssef, Menze, et al. 2020).

3.4 | Glycolipid Metabolism Regulation Effects
Disorders related to glucose and lipid metabolism, including
diabetes, obesity, nonalcoholic fatty liver disease (NAFLD),
hypertension, and cardiovascular diseases, represent a significant
global health burden. These conditions are strongly linked to
unhealthy dietary patterns, insufficient physical activity, genetic
predisposition, and environmental factors (Haddadi-Guemghar
et al. 2017; G. Noratto et al. 2015; Walkowiak-Tomczak et al.
2018; Youssef, Ashour, et al. 2020). High-risk populations include
individuals with a family history of metabolic disorders, elderly
individuals, people with obesity, those consuming prolonged
high-sugar and high-fat diets, sedentary individuals, and those
exposed to occupational risks (Ioannou 2021). The impact of
these diseases is profound, leading to reduced quality of life and
increased risks of severe complications, such as cardiovascular
diseases, kidney failure, and stroke, which can significantly raise
mortality rates. Addressing these challenges requires effective
interventions targeting both prevention and management.

Emerging evidence highlights the potential of prunes and
their bioactive components in improving glucose and lipid
metabolism. Studies have shown that prunes and prune extracts
exert beneficial effects on hyperhomocysteinemia (Haddadi-
Guemghar et al. 2017), obesity (G. Noratto et al. 2015), type 1
diabetes (Youssef, Ashour, et al. 2020), and hypercholesterolemia
(Walkowiak-Tomczak et al. 2018; Table 2).

3.4.1 | Impact of Prunes on Hyperhomocysteinemia and
Associated Health Risks

Hyperhomocysteinemia refers to a metabolic condition charac-
terized by elevated levels of homocysteine (Hcy) in the blood.
Hcy is a sulfur-containing amino acid produced during the
metabolism of methionine. Under normal physiological condi-
tions, Hcy is metabolized through several key pathways, includ-
ing remethylation to methionine, transsulfuration to cysteine,
and conversion to S-adenosylhomocysteine (SAH). Disruptions
in these metabolic pathways can lead to an accumulation of Hcy,
resulting in hyperhomocysteinemia (Li et al. 2018). This condition
has been linked to a range of serious health issues, including car-
diovascular diseases, stroke, thrombosis, diabetes, Alzheimer’s
disease, and cognitive decline (Kim et al. 2018). Hyperhomo-
cysteinemia is considered an independent risk factor for these
conditions, highlighting its clinical significance. In this context,
Haddadi-Guemghar et al. explored the effects of prune extract
on hyperhomocysteinemia in a mouse model. The researchers
induced hyperhomocysteinemia by knocking out the Cbs gene
and administered prune extract via intraperitoneal injection. The
study found that prune extract significantly reduced Hcy levels
by enhancing the activity of S-adenosylhomocysteine hydrolase
(SAHH), a key enzyme responsible for converting Hcy to SAH.
Importantly, the increase in SAHH activity was linked to a corre-
sponding rise in the activity of NAD(P)H: quinone oxidoreductase
1 (NQO1), an enzyme involved in NAD* production. NAD™*
serves as a crucial cofactor for SAHH, suggesting a mechanistic
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pathway through which prunes may exert their beneficial effects
in reducing Hcy levels (Haddadi-Guemghar et al. 2017).

3.4.2 | Prunes as a Dietary Intervention in Obesity
Management

Obesity has become a global health crisis, with its prevalence
increasing steadily over the past few decades. It is a complex
metabolic disorder characterized by excessive fat accumulation,
leading to an elevated risk of numerous chronic conditions. Obe-
sity is typically caused by an imbalance between energy intake
and energy expenditure. The mechanisms underlying obesity
involve dysregulation of lipid metabolism, insulin resistance, and
chronic low-grade inflammation, all of which contribute to the
development of comorbidities (Backhed et al. 2007). Research
into potential dietary interventions to mitigate obesity has gained
attention, with certain functional foods, like prunes, showing
promise in preventing or managing obesity and its associated
metabolic disturbances (G. Noratto et al. 2015; Rybak and Wojdylo
2023). Noratto et al. evaluated the antiobesity effects of prune
juice using Zucker-Lepr®/Lepr* rats, a commonly used model
for obesity studies. The results showed that prune juice helped
maintain lower levels of blood glucose, insulin, and leptin, and
significantly prevented weight gain, with a reduction of approx-
imately 16% compared to the control group (G. Noratto et al.
2015). Additionally, prune juice was found to improve obesity-
induced dyslipidemia by lowering total cholesterol (T-CHL),
non-high-density lipoprotein cholesterol (non-HDL-CHL), and
triglyceride (TG) levels in plasma. The authors suggested that
the antiobesity effects of prune juice might be related to the
activation of peroxisome proliferator-activated receptor gamma
(PPAR-y). They hypothesized that the polyphenols in prunes
could act as PPAR-y agonists, inhibiting the expression of cell
adhesion molecules (ICAM-1 and VCAM-1), preventing NF-xB
activation, and ultimately reducing biomarkers associated with
obesity and inflammation (G. Noratto et al. 2015). Rybak et al.
investigated the inhibitory effects of polyphenolic compounds in
prunes on pancreatic lipase (Rybak and Wojdylo 2023). Pancreatic
lipase is responsible for hydrolyzing the ester bonds at the 1-
and 3-positions of TGs, progressively breaking them down into
monoglycerides and fatty acids. These products form mixed
micelles with bile salts, which facilitate the absorption of fats
through the intestinal mucosa. The absorbed fatty acids and
monoglycerides are then re-esterified into TGs within the ente-
rocytes and transported into the bloodstream via chylomicrons.
The study found that the polyphenols in prunes could inhibit
pancreatic lipase activity, potentially reducing fat absorption and
helping to mitigate obesity.

3.4.3 | Prunesin Hyperglycemia Control and Insulin
Sensitivity Enhancement

Hyperglycemia, or elevated blood glucose levels, is a common
metabolic disorder that occurs when the body is unable to
effectively regulate blood sugar. It is often associated with insulin
resistance or insufficient insulin production, and is a hallmark of
conditions like diabetes mellitus. Chronic hyperglycemia can lead
to a wide range of health complications, including cardiovascular

diseases, kidney dysfunction, nerve damage, and an increased
risk of stroke (Campos 2012). Management of hyperglycemia
is essential for reducing the risk of these complications, and
dietary interventions are increasingly recognized as an important
strategy in the management and prevention of hyperglycemia
(Davies et al. 2018). Youssef et al. investigated the role of
PGu in suppressing hyperglycemia in type 1 diabetes. Their
study, using streptozotocin (STZ)-induced diabetic mice, found
that PGu significantly reduced serum glucose levels by 37.83%,
while increasing insulin levels by 25.37% (Youssef, Ashour, et al.
2020). The mechanism of action suggested that PGu inhibited
both a-glucosidase and a-amylase, enzymes responsible for the
breakdown of carbohydrates into glucose. Additionally, PGu
demonstrated high affinity for PPARy, which may help improve
insulin resistance by stimulating glucose oxidation and reducing
free fatty acids. The compound also interacted with the active
site of aldose reductase (AR), a key enzyme in diabetic com-
plications, further supporting its potential therapeutic effects
on diabetes and its complications. Rybak et al. found that
polyphenols in prunes could inhibit a-amylase and a-glucosidase
activities, which may contribute to the reduction of blood glucose
levels (Rybak and Wojdylo 2023). Furthermore, Kosar et al.
isolated three isoflavone glucosides, named Purunusides A-C,
from prunes. These compounds exhibited significant inhibitory
activity against a-glucosidase, potentially aiding in the regulation
of blood glucose levels and improving both glucose and lipid
metabolism (Kosar et al. 2009). In a randomized parallel-arm
trial, Clayton et al. observed that, compared to refined carbo-
hydrate snacks (low-fat muffins), prunes significantly reduced
postprandial insulin responses after 8 weeks. This suggests that
prunes play a role in regulating glucose metabolism in overweight
adults (Clayton et al. 2019).

3.4.4 | Cholesterol-Lowering and Anti-Inflammatory
Effects of Prunes

Hypercholesterolemia, characterized by elevated levels of choles-
terol in the blood, particularly LDL-c, is a major risk factor for
cardiovascular diseases, including atherosclerosis and coronary
heart disease (Wadhera et al. 2016). This condition often results
from unhealthy dietary habits, lack of physical activity, and
genetic predisposition. Factors such as obesity, high intake of
saturated fats, and genetic mutations that affect lipid metabolism
can contribute to the development of hypercholesterolemia
(Kwiterovich Jr. 2002). The condition is closely associated with
increased inflammation, oxidative stress, and endothelial dys-
function, which significantly increase the risk of atherosclerosis
and other cardiovascular complications (Lahera et al. 2007).
Managing cholesterol levels through lifestyle modifications and
pharmacological interventions is critical to reduce the inci-
dence of cardiovascular diseases. Walkowiak-Tomczak et al.
recruited 48 participants with moderate hypercholesterolemia
and demonstrated that a daily intake of 100 g of prune juice
for 6 weeks resulted in significant reductions in TC, LDL-c,
and the LDL/HDL cholesterol ratio (Walkowiak-Tomczak et al.
2018). In a meta-analysis, Askarpour et al. found that prunes
significantly improved TC levels and reduced LDL-c in individ-
uals with unhealthy lipid profiles (Askarpour et al. 2023). Chiu
et al. conducted a RCT involving 60 healthy individuals with
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mild hypercholesterolemia. They reported that consumption of
PEC significantly lowered both TC and LDL-c levels, while also
promoting favorable changes in the gut microbiota. Specifically,
PEC increased populations of beneficial bacteria such as Bifi-
dobacterium spp. and Lactobacillus spp., while decreasing levels
of harmful bacteria like Clostridium perfringens and Escherichia
coli. The authors suggested that prunes’ polyphenolic compounds
might lower blood lipid levels by modulating gut microbiota
composition, inhibiting cholesterol absorption, and enhancing
bile acid excretion (Chiu et al. 2017). Furthermore, Hong et al.
conducted a 6-month controlled clinical trial and found that
prune consumption significantly reduced TC and increased
high-density lipoprotein cholesterol (HDL-c) in postmenopausal
women, thereby improving the TC/HDL-c ratio. Additionally,
prune intake led to a notable decrease in inflammatory markers
IL-6 and TNF-a, while enhancing antioxidant activity as evi-
denced by increased superoxide dismutase (SOD) levels (Hong
et al. 2021).

3.5 | Antioxidant Effects

Oxidative stress refers to an imbalance between the production
of reactive oxygen species (ROS) and the body’s antioxidant
defenses. This imbalance plays a critical role in the development
and progression of various diseases while also being involved in
normal physiological functions, such as cell signaling (Wang et al.
2022). Oxidative stress is linked to several chronic conditions,
including cardiovascular diseases, diabetes, and neurodegener-
ative disorders (Wang et al. 2022). It can disrupt cell structure
and function, leading to cellular dysfunction or even cell death,
which in turn promotes disease progression (Zhang et al. 2016).
The causes of oxidative stress are diverse, including unhealthy
lifestyle factors (such as smoking and alcohol consumption),
environmental pollution, chronic infections, medication use, and
nutritional deficiencies (Wang et al. 2022).

The polysaccharides, polyphenols, lignans, and other bioactive
components in prunes have shown significant potential in reg-
ulating oxidative stress (Figure 5). Popov et al. compared the
inhibitory effects of various prune pectin polysaccharides on
superoxide anion radicals and found that PD-1, a pectin polysac-
charide isolated via DEAE-cellulose column chromatography,
exhibited the highest antioxidant activity. The authors suggested
that this activity is likely linked to the presence of GalA residues
in the pectin polysaccharides (Popov et al. 2014). Navarro-Hoyos
et al. obtained the polyphenolic components of prunes through
pressurized liquid extraction (PLE) under acidic and neutral
conditions, then assessed their antioxidant capacity using DPPH
and ORAC methods. They discovered that polyphenolic extracts
from the neutral PLE conditions showed stronger antioxidant
activity (Navarro-Hoyos et al. 2021). In another study by Navarro,
it was found that prune peel exhibited higher antioxidant activity
than the flesh. Correlation analysis revealed that proanthocyani-
dins were most strongly associated with this antioxidant capacity
(Navarro et al. 2018). Drogoudi et al. also observed differences in
antioxidant capacity between prune varieties and tissues. Prune
peels contained higher levels of total phenols and antioxidant
activity than flesh tissues. However, the peel-to-flesh ratio varied
significantly among varieties, with differences reaching up to
6.6 times (Drogoudi and Pantelidis 2022). Lignans, another

class of antioxidant compounds, also contribute to free radical
scavenging. Youssef et al. evaluated the iron ion reduction ability
(FRAP) and ABTS radical scavenging activity of PGu finding that
its antioxidant activity was equivalent to 418.47 and 1091.3 pmol/g
of ascorbic acid, respectively (Youssef, Ashour, et al. 2020).
Kayano et al. isolated and identified ten compounds from prunes,
including a novel bis-pyrrole compound and seven phenolic
compounds that were isolated for the first time from prunes.
Using the ORAC method, they assessed the antioxidant activity
of these compounds and found that 3-caffeoylquinic acid methyl
ester, 4-caffeoylquinic acid methyl ester, and caffeic acid methyl
ester exhibited the highest ORAC values (Kayano, Kikuzaki,
Tkami, et al. 2004). Kimura et al. employed antioxidant-guided
isolation techniques to extract oligomeric proanthocyanidins
from prune extracts. They used three methods: DPPH radical
scavenging, an enzymatic system (XOD-NBT) to measure SOD
activity, and a nonenzymatic system (PMS-NADH-NBT) for the
same purpose. They found that the oligomeric proanthocyanidins
in prunes exhibited stronger antioxidant activity than the well-
known antioxidant CGA (Kimura et al. 2008). Kayano et al. also
analyzed the content of caffeoylquinic acid (CQA) isomers in
prunes using high-performance liquid chromatography (HPLC)
and found that prunes contained relatively high levels of 4-O-
caffeoylquinic acid. Using the ORAC method, they determined
that CQA isomers contributed 28.4% to the overall antioxidant
activity of prunes, suggesting the presence of other unidentified
antioxidant components (Kayano, Kikuzaki, Yamada, et al. 2004).

Cultivation factors also play a role in influencing the antioxidant
capacity of prunes. Trendafilova et al. explored how different
rootstocks affect the antioxidant capacity of prunes and found
that prunes grafted onto the “Wavit” rootstock contained higher
levels of neochlorogenic acid, peonidin-3-O-rutinoside, cyanidin-
3-O-rutinoside, and sucrose. These prunes also demonstrated
stronger antioxidant activity in assays such as DPPH, ABTS, and
FRAP (Trendafilova et al. 2022). Rashidinejad et al. compared
the antioxidant capacities of prunes at various stages of ripening
using FRAP and ABTS methods. They observed that as the fruit
matured, both antioxidant activity and total phenolic content
(TPC) declined (Rashidinejad and Ahmmed 2024).

Processing methods also significantly affect the antioxidant
capacity of prunes. Michalska et al. compared the effects of
various drying techniques on the antioxidant capacity of prune
by-products and found that freeze-drying (FD) samples exhibited
the highest antioxidant activity in both ABTS and FRAP assays,
compared to convective drying (CD), microwave vacuum drying
(MVD), and a combined process of convective predrying followed
by MVD (CD/MVD). The authors speculated that the differences
in antioxidant activity were related to changes in polyphenolic
compounds, such as flavonoids and anthocyanins, during the
other drying processes (Michalska, Wojdylo, Majerska, et al.
2019). Silvan et al. also assessed the impact of different drying
techniques on prune antioxidant capacity, with a focus on the
effect of prune extracts on ROS levels in HT-29 cells, measured
using the DCFH-DA probe. They found that spray-dried prunes
had stronger ROS scavenging ability than both vacuum-dried
and freeze-dried samples, reducing ROS production by nearly
37% compared to the oxidative control group (Silvan et al.
2020). Rippin et al. compared the antioxidant activity of prunes
before and after treatment with tannin acyl hydrolase (tannase).
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FIGURE 5 | Antioxidant effects of prunes.

They observed that tannase treatment enhanced the antioxidant
activity of prune extracts, likely due to the hydrolysis of tannins
into gallic acid and other antioxidant metabolites (Rippin et al.
2023).

Different extraction methods also influence the antioxidant
capacity of prunes. Savic et al. assessed the antioxidant activity
of fixed oil extracts from prune seeds using various solvents and
found that the oil extracted with a chloroform:methanol (2:1 v/v)
mixture exhibited the highest antioxidant activity (Savic et al.
2020). Najafabad et al. compared the antioxidant capacities of
prune extracts obtained with methanol and ethanol as solvents.
They found that the ethanol extract from fresh samples demon-
strated the strongest ability to inhibit ROS production (Morabbi
Najafabad and Jamei 2014).

4 | Outlook

Prunes (Prunus domestica L.) have long been recognized as
a functional food with promising health benefits due to their

rich bioactive components, including polyphenols, dietary fiber,
lignans, and sorbitol. While significant progress has been made
in understanding their biological effects, a more comprehen-
sive exploration of their mechanisms and clinical applications
is necessary. The following research directions are pivotal for
maximizing the potential of prunes as a functional food and
therapeutic agent.

4.1 | Identification of Active Compounds

Future research can further explore the bioactive compounds in
prunes, particularly trace components that may have significant
impacts on human health. Modern separation and analytical
techniques, such as HPLC, mass spectrometry (MS), and nuclear
magnetic resonance (NMR), can be used to more accurately
identify and quantify these compounds. Additionally, researchers
could investigate the active compounds in prune by-products to
maximize resource utilization and develop new functional foods
and supplements.
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4.2 | Determining Effective Doses

A critical gap in current research is the lack of standardized dose-
response data for prunes and their bioactive compounds. Studies
on prune extracts often vary in dosage, making it difficult to assess
their optimal levels for health benefits. Establishing precise dose-
response relationships is essential to determine the effective and
safe dosages of prunes in clinical and dietary contexts.

Further research is needed to assess the bioactivity of prunes
at varying doses, taking into account factors such as the form
of consumption (fresh, dried, or extract), as well as individual
variability (e.g., age, gender, and health status). This will provide
the scientific foundation necessary for the development of health
guidelines and help ensure that prune-based interventions are
both effective and safe for widespread use.

4.3 | Mechanism Research and Multiomics
Integration

While the antioxidant, anti-inflammatory, and digestive health
benefits of prunes are well established, the underlying molecular
mechanisms remain insufficiently understood. Future research
should aim to elucidate the specific molecular pathways through
which prunes exert their effects.

Integrating multiomics technologies, including genomics, tran-
scriptomics, and metabolomics, with cell models, animal studies,
and clinical trials, could provide deeper insights into how prune
components, such as polyphenols, sorbitol, and dietary fiber,
influence key biological processes. Importantly, research should
also focus on how these mechanisms are linked to disease preven-
tion, particularly for chronic conditions such as cardiovascular
diseases, diabetes, osteoporosis, and neurodegenerative disor-
ders. Understanding the interaction between prune bioactives
and disease-related pathways would demonstrate the practical
health benefits of prunes and further validate their role in disease
prevention and management. For example, how antioxidants
in prunes reduce oxidative stress and inflammation could have
implications for reducing the risk of cardiovascular diseases or
improving bone health in osteoporosis.

4.4 | Clinical Validation and Personalized
Nutrition

Although existing studies show significant health benefits of
prunes in multiple areas, clinical evidence for their applica-
tion remains limited. Future research should conduct more
large-scale RCTs, particularly among high-risk populations such
as the elderly, obese individuals, diabetic patients, and those
with osteoporosis. Additionally, with the development of preci-
sion medicine, integrating individual genetic information and
metabolic profiles will help identify the differential effects of
prunes in different individuals, providing valuable references for
personalized nutrition strategies.
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