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Introduction: Pomegranate (Punica granatum L.) is a fruit native to South
Asia and currently can grow in tropical and subtropical areas, which produces
approximately seven thousand metric tons per year. Pomegranate stands out for
its rich flavor and functional properties, which is why it has gained acceptance
in different countries. Beyond its health advantages, it has industrial applications
in food technology, cosmetics, and medicines. This study focuses on its diverse
phytochemical profile and the medicinal properties of its bioactive components.

Methods: A search in PubMed, Scopus, EBSCO, Medline, PubMed, Embase, SID,
and lran Medex databases was conducted to identify clinical and observational
studies on Pomegranate consumption and its industrial uses.

Results: Pomegranate and its by-products are rich in beneficial phytochemicals,
provide health benefits, and help manage ailments. Sustainable reuse of its
by-products supports health, economic growth, and food security.

Conclusion: Pomegranate provide health benefits, including antidiabetic,
antioxidant, anticancer, and anti-inflammatory effects, with potential for food
product development and disease management. Analyzing pomegranate’s
functional and nutritional properties, especially its peel and seed, is crucial for
understanding the mechanisms involved in industrial processes for nutraceutical
or functional food products.

KEYWORDS

pomegranate, anti-inflammatory, anti-oxidant, anti-microbial, anti-fungal, anti-obesity,
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Introduction

All fruits and vegetables are linked which health health-enhancing activity as they are
richly endowed with essential nutritional components. Various investigations about the
uses of medicinal plants identified that not only fruits and vegetables but their other parts
such leaf, peels, and seeds are also possess beneficial activities (1). Pomegranate (Punica
granatum L.) is also a medicinal fruit that is traditionally used throughout the world.
The cultivation of pomegranate is prevalent in Mediterranean regions, including Asia,
particularly in Pakistan, India, and Iran. Pomegranate is considered as one of the first
cultivated fruit and is known for it’s a beneficial effect on human health. Over the past 4,000
years, pomegranate has primarily been cultivated for its medicinal activities and health-
improving effects (2, 3). Studies conducted in the twenty-first century have reported that
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pomegranate is rich has nutritional value and possesses extensive ~ compounds are also and beneficial for many traditional uses,
therapeutic activities properties. Due to the growing demand forits ~ such as prevent cancer, diabetes, heart problems, and many other
consumption, pomegranate production has increased to meet this  diseases (7, 8).
demand (4). Various parts of the pomegranate fruit, including as the The therapeutic efficacy of fruits and their various parts
seeds, root, leaves and peel, contain multiple bioactive compounds ~ due to their valuable chemical compounds make them highly
and their the mechanism of action has the potential to treat multiple ~ beneficial. Pomegranates contain a higher amount of nutrients
pathophysiological conditions (5). compared to many other fruit plants, providing giving 80 kcal
A wide range of phytochemicals, polysaccharides, vitamins, per 100g of serving. The inedible portions, such as peel and
minerals, and carbohydrates are present in high amounts in various  seeds, are also good sources of nutrients, though they are often
parts of pomegranate fruit such as the leaf, seed and root. The  wasted are by food industries. Byproducts of pomegranate juice
seeds of pomegranate contain alpha-linolenic acid, linoleic acid,  such as peel, seed, leaf, and husk comprises high quantity of
oleic acid, and fatty acids that have many nutraceutical properties  nutraceutical properties. Pomegranate peel, which comprises 30-
as mentioned in Figure 1. The mechanism of action of different ~ 40% of fruit, offers a variety of offers beneficial biological effects
phenolic components present in different parts of pomegranate  and could help resist pathological problems. The loss of waste
is shown in multitudinous studies. These components exhibit  products, such as inedible portions of fruits, not only increases
potent antibacterial, antioxidant, anti-inflammatory, antidiarrheal, = food waste but also contributes to loss of essential nutrients
antidiabetic, antiviral, and anti-obesity properties, help to protect  (9). Waste products of fruits and vegetables are abundant with
from many other health-related issues. Due to the immense  substantial quantities of polyphenols. Among, these byproduct, the
potential of bioactive and phenolic content in pomegranate peel,  peel of pomegranate is particularly enriched enriched abundant
seed, and leaf, it has emerged as a powerful traditional medicine  in major bioactive compounds, including flavonoids, tannins,
for treating human pathological conditions. Various functional and other phenolic compounds. Pomegranate peel comprises 26—
foods made from pomegranate byproducts, that contain high  30% of the total weight of fruit which contains several bioactive
concentrations of bioactive compounds, have been developed  compounds such as anthocyanins, catechins, punicalagin, and
(6). Clinical trials have shown significant results combating ellagic acid. The chemical composition of fresh pomegranate peel
chronic diseases due to their therapeutic effects. These bioactive ~ powder is presented (10) in Figure 2. This study focuses on its
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FIGURE 1
Health benefits of pomegranate (Punica granatum L.).
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FIGURE 2
The chemical composition of fresh pomegranate peel powder.
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diverse phytochemical profile and the medicinal properties of its
bioactive components.

Method

To gather the relevant material, the keywords “pomegranate”,
“waste product”’, “therapeutics”, and “pharmacology” were
searched in journals accessible through databases such as
ScienceDirect, Scopus, EBSCO, Medline, PubMed, Embase, SID,
and Iran Medex. Duplicate papers were removed, and only one
version of each was retained.

Phytochemical composition of
pomegranate

The experimental results of many studies have shown that
the bioactive compounds in the extract of pomegranate peel
leaf, and seeds the possess curative properties and with the
potential to treat various health-related pathological conditions.
Among all the bioactive compounds in pomegranate peel, tannins,
flavonoids, alkaloids, phenols, flavonoids, alkaloids, steroids are
present in abundance. In addition to phenolic compounds,
pomegranate peel also contains various dietary fiber, vitamins, and
minerals. These compounds have the potential to support and
maintain physiological functions. The phytochemical constituents
are present in pomegranate and its parts make them useful
for treating different human ailments were, the correlation
between these phytochemicals and human ailments showed a
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strong potential connection, results showed showing significant
improvement in human health (11). In general, the bioactive
composition of pomegranate peel showed a higher concentration
of phenolic content. The pomegranate peel extract demonstrated
a significant antioxidant, antifungal, and antibacterial effect due
to the presence of phenolic phytochemicals (12, 13). The multi-
functionality and health-promoting effects of pomegranate seed
and peel as demonstrated in Figure 3.

Health benefits of pomegranate

Pomegranate and its various parts are nutritionally rich and
provide exceptional benefits to overall human health. Pomegranate
contains many bioactive constituents that play a major role as
functional foods and contribute to the improvement of human
health. The most predominant phytochemical in pomegranate
are anthocyanins and hydrolysable ellagitannins, which primarily
contribute to the inhibition of cancer cell and help to eliminate
free radicals (14). Several studies have brought up the potential
of many bioactive compounds like polyphenols that the can
treat and manage metabolic diseases like diabetes, and heart
issues. Many studies have shown promising results regarding
pomegranate peel against Alzheimer’s disease it’s ability to improve
cognitive behavior. Several others studies have discussed how
pomegranate peel contributes in protecting against liver injury.
All bioactive compounds in pomegranate and its inedible portion
possess varieties of phenolic compounds that exert a positive
impact in treatment of various chronic diseases (15). Furthermore,

frontiersin.org


https://doi.org/10.3389/fnut.2025.1528897
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Noreen et al.

10.3389/fnut.2025.1528897

Tannins

Alkaloids \

Anthocyanins -, »
@
‘ 4

Flavonoids 4+

Catechins

Whole
fruit

Epicatechins

/v Ellagic acid
\‘ Lignans

Amifungak—L—

) ‘ ‘A)omegranate Pomegranate .
Triterpenoids Flavonoids
peel seed
Ellagic acid Tannins
FIGURE 3
Phytochemical and botanical description of pomegranate peel and seeds.
Anti-oxidant <
»Antimicrobial

'@

z
‘ ™ Health ‘
; & promoting Anti-
Anti-obesity +— ‘ S
— . Nz properties of hypertensive
pomegranate
‘ ~ seed and peel

Anti-viral < ) l

|—Anti- osteoporosis

— Antidiabetic

l Anti-
e

‘ | hepatotoxic

FIGURE 4
Health benefits of pomegranate peel and seed.

pomegranate and it constitutes have health promoting properties
such as antihypertensive, antidiabetic, anticancer, antibacterial,
antifungal, anti-obesity, and anti-inflammatory as shown in
Figure 4.

Antioxidant activity of pomegranate

Several studies have demonstrated that among different parts
of pomegranate, the peel enriches with the highest amount of total
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polyphenolic compounds, flavonoids, carotenoids, and alkaloids.
The inedible portion of fruits contains more beneficial components,
which help reduce the risk of several chronic degenerative
diseases. The phenolic composition of pomegranate peel has shown
significant results in combating oxidative stress (16). Several studies
have highlighted the beneficial role of polyphenols present in
pomegranate extract. The major phenolic constituents, such as
ellagitannins, contribute significantly to its potential antioxidant
activity. The results have shown that pomegranate extract is an
excellent source of the key antioxidant components. Additionally,
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The inhibited effect of Pomegranate peel powder, a- and g-punicalagin on pro-inflammatory cytokines IL6, and IL1A

the extract of isolated pomegranate seeds when treated with
different solvents like acetone, ethyl acetate, and methanol,
examine was evaluated to examine the antioxidant properties of
pomegranate seeds. The antioxidant activity of methanol extracts
of pomegranate seeds showed the highest antioxidant capacity
compared to other solvents proving that the phenolic compounds
possess strong radicals scavenging properties. The results showed
that the methanol extract of pomegranate seeds has a greater ability
to reduce oxidative stress. Several studies have also shown that
the leaf extract of pomegranate contained a high proportion of
phenolic compounds, including hydrolyzable tannins, punicalagin,
anthocyanins, and ellagic acid. The beneficial effects of antioxidants
on human health lie in their ability to remove free radicals from the
human body. Therefore, promoting the use of these anti-oxidant-
rich components in food products can significantly contribute to
helping improve human health (17). An aqueous suspension of
pomegranate peel powder was examined to test it’s antioxidant
capacity, and the result showed that the peel has strong antioxidant
properties. Phenolic compounds like tannins and flavonoids are
the major components in pomegranate peel, which are associated
with the defensive mechanism against deleterious effect of free
radicals and contribute to reduce oxidative stress. Therefore,
the antioxidant potential of aqueous suspension of pomegranate
peel powder has the potential to protect the human body
from chronic disease like cancer (14). The hydrolysable tannins
and punicalagin in pomegranate peel exhibit high antioxidant
capabilities, acting as reducing agents against reactive oxygen
species (18). The pomegranate seed oil (PSO) showed reduction
in lipid oxidation and inhibit the progression of oxidation.
High radical scavenging activity of punicic acid, which is major
residue in PSO, contribute in protection from free radicals. The
PSO exhibited potential antioxidant activity by inhibiting lipid
oxidation (19).

Pomegranate seed oil, rich in polyphenolic content and
punicalagin, has been found to improve skin health, inhibit
inflammation, and aid in cosmetic product production (20).
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Anti-inflammatory activity of pomegranate

From centuries, the pomegranate used to treat inflammation
due to its potential anti-inflammatory capacity. Pomegranate
(Punica granatum L.) leaf (PGL) has many health beneficial

activities  including  anti-inflammatory  properties  and
neurodegenerative properties. This study investigated that
pomegranate  extract possesses strong anti-inflammatory

property against inflammation as the extract showed rich
content of ellagitannins (21). Recent few studies identified
those constituents of pomegranate such as ellagic acid (EA) has
promising pharmacological effects. EA is majorly active compound
in pomegranate that possesses strong action mechanism against
inflammation. Several studies suggest that EA also involve in
other pharmacological effects such anticancer, antiaging and
anti-mutaganic activities (22). Studies showed that pomegranate
peel extract has anti-inflammatory properties, reducing pro-
inflammatory activity and regulating inflammatory markers,
thereby improving liver enzyme activity and reducing liver
inflammation (23). This study investigated the inflammatory
enzyme cyclooxygenase (COX-2) that involve in process of
inflammation. The ethanol extract of pomegranate peel showed
inhibitory effect against inflammatory activity of COX-2 enzyme
by suppressing the synthesis of prostaglandins, which are
pro-inflammatory mediators. The anti-inflammatory action
mechanism ethanolic extract of pomegranate peel showed
significant results against pro-inflammatory cytokines and COX-2
enzyme (20).

Pomegranate husk exhibits anti-inflammatory properties due
to phenolic components like ellagic acid, suppressing nitric oxide
and pro-inflammatory cytokines. Recent studies show its peel
extract has anticancer, antihypertensive, and anti-hypoglycemic
effects (20). PPE significantly showed anti-inflammatory capacity
and other impressive therapeutic applications. The o- and f-
punicalagin from the PPE showed a significant inhibited effect
against pro-inflammatory cytokines (24) as mentioned in Figure 5
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TABLE 1 Anti-microbial effect of different pomegranate extracts against various microbes.

Microbes Dose of sample and solvents  Action of mechanism References
Bacillus cereus, Bacillus subtilis, Enterococcus 10 g pomegranate peel extracted with Due to high content of punicalagins and ellagic (12,29)
faecalis 100 mL of solvents (ethanol, methanol) acid, significant antimicrobial activity was

combination observed (P < 0.05).
E. coli 1 g pomegranate peel and 100 mL of DI Effect of tannins and punicalagin, exhibit potential (8)

water antimicrobial activity on bacterial membrane.
Streptococcus mutans 5 g peel hydroalcoholic extracts and 25mL | Inhibited effect of anthocyanins, hydrolysable (49)
R. dentocariosa of ethanol tannins punicalagin and punicalin on growth of

microbes.

Bacillus cereus, Pseudomonas Aeruginosa, B. cereus | 8 g Pomegranate peel and 500 mL of water Total phenolic content showed significant (31)
Staphylococcus aureus antimicrobial activity.

Anti-microbial activity of pomegranate

Pomegranate leaf, peel and seed have high number of
bioactive compounds. The importance of pomegranate peel is
more than other parts of fruit as it is major by-product
during food processing. High potential of pomegranate peel is
beneficial in preservation process as it helps to prevent food
from deterioration. Pomegranate peel extract (PPE) considered
as natural additive and contribute for better of quality of food.
PPE is abundant with natural compounds that contribute in bio
functional edible film for packaging of food products (25, 26).
Number of phenolic compounds in pomegranate peel and seed
have strong antimicrobial property against foodborne pathogens.
Recent study showed pomegranate peel extracts with concentration
(0.33 g/mL) possesses inhibited effect against Staphylococcus
aureus. Staphylococcus aureus, Bacillus cereus, coli, Pseudomonas
aeruginosa (13). The high level of bioactive compounds in the
2g pomegranate peel extract with 10mL of methanol tested
to identify antimicrobial activity. Total phenolic compounds,
total flavonoids, and tannins have potential antimicrobial activity
against Escherichia coli, Klebsiella pneumonia, Bacillus subtilis, and
Staphylococcus aureus. The bioactive compounds of pomegranate
peel extract have biological constituents, which ensure maximum
antimicrobial effect against growth of microbes (27). This study
evaluated the antimicrobial effect of pomegranate peel and seed
with different extracts including ethanol and methanol against
five pathogens: Bacillus sp., Staphylococcus aureus, Pseudomonas
sp., Escherichia coli, and Aeromonas hydrophila. The ethanolic
extract of pomegranate peel showed maximum and significant
inhibition at concentration of 15 mg/mL against all five
pathogens than methanol extract. The antimicrobial activity of
components founded in pomegranate peel and seed extract
provided resistance against pathogens by damaging cytoplasmic
membrane of microbes and deleting their genetic bands (28, 29)
(Table 1).

Anti-fungal activity of pomegranate
Most of pomegranate peel and seeds are considered as
waste but these inedible parts have substantial antimicrobial

activities. Pomegranate peel and seeds are served as important
potential source of antifungal agents. The seed and peel extracts
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of pomegranate have antimicrobial and antifungal activity against
various human ailment. Anthocyanins, tannins and ellagic acid
showed antifungal mechanism of action by destroying the cell
membrane of pathogens and disturb their growth activity. The
study investigated that the aqueous extract of pomegranate peel
and seed possesses strong inhibited effect against mycelial growth
of Aspergillus niger (30). The polyphenolic aqueous extracts
of pomegranate peel have maximum content of polyphenolic
compounds that possesses antifungal activity. These phenolic
compounds inhibit proliferation of fungal enzymes and cause
disruption of fungal cell growth and results in reduction of
fungal spread and reproduction (31, 32). Recent study discussed
that pomegranate peel powder has highest number of phenolic
compounds particularly Ellagic acid (EA). These components
showed significant antifungal effect against the growth of
Aspergillus fumigatus and Candida spp. The findings of study
represented that (EA) showed effective antifungal mechanism by
disturbing fungal cell wall, protein membrane and results showed
death of fungal cell. The minimal fungicidal concentrations
(MFC) of pomegranate powder (100 pg/mL) showed significant
inhibition process against Candida albicans (33). Edible oils
have significant level of monounsaturated fatty acids and these
oils are also majorly use in food industries as a food ingredient.
Pomegranate seed have enough source of oil and possesses potential
benefits in food industries as by product. Pomegranate seed oil
significantly showed potential antifungal activity against various
types of fungus including Fusarium oxysporum f. sp. lycopersici,
Botrytis cinerea, Sclerotinia sclerotiorum, Botrytis cinerea, and
Rhizoctonia solani. Several studies determined the inhibited effect
of pomegranate seed oil against various fungus growth (34).
This study demonstrated that methanol extract of pomegranate
peel and powder contain major antifungal phytocomponents
such as sterols, flavonoids and glycosides. These components
exert potential antifungal effect against phytopathogenic fungi
including Rhizoctonia solani, Botrytis cinerea, Phoma sp., and
Colletotrichum dematium by inhibiting their growth and spore
germination in host cell (35). This study investigated the antifungal
effect of methanolic extract of pomegranate peel against Fusarium
sambucinum. The phytochemical components specifically in
punicalagin, epicatechin, tannins, punicalin, and flavonoids
in methanolic extract of pomegranate peel showed significant
inhibitory effect by suppressing the mycelial growth at a maximum
concentration. These components exhibited potential inhibition
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on spore germination of fungus, inhibit their further progression,
and thus prevent from fungal toxicity (36). The pomegranate
seed oil rich bioactive phytochemicals including carotenoids,
tocochromanols, sterols, phenolic, and flavonoids, which have
ability to reduce the effect of mycotoxin formation presented in

Figure 6.

Anti-obesity activity of pomegranate

Globally, obesity has become major initiator to contribute
to progression of several metabolic disorders. Results of several
studies showed that pomegranate seeds oil (PSO) play central
role in many pharmacological problems. PSO contain many
important phytochemicals, one of them is Punicic acid (PA)
that possesses potential anti-obesity effect and effective against
various metabolic disorders. PSO have ability to treat obesity
by suppressing intestinal glucose absorption, improving lipid
profile and controlling body weight (37). The results of previous
study showed that the diverse phytochemicals of aqueous and
ethanolic peel extracts of pomegranate have inhibitory properties
against pancreatic lipase. The ethanolic extra contain phenolic
acid, glycosides, tannins, flavonoids, and other components. Due
to the presence of these phytochemical components, ethanolic
extract showed more significant results against lipase with value of
603.50 Lg/mL (38). Lipase and a-amylase are two enzymes that are
important in obesity management. The multifunctional component
present in pomegranate peel including tannins, flavonoids, and
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phenolic acids have ability to inhibit the enzymes activity which are
involve in progression of obesity. The phytochemical components
immobilized the activity of lipase and a-amylase and help in the
treatment of obesity (39). The Chemical composition of PA has
the capacity to decrease the lipid accumulation and deposition
of fatty acids. PSO has great potential in development of various
nutraceuticals foods that use to treat obesity and its related other
metabolic issues. Despite this, PSO also acquires ability to modulate
the inflammatory biomarkers. The phytochemical profile of PSO
make it more useful in development of functional foods (40).
The results of study explored that pomegranate peel has ability to
reduce body weight by modulating the composition and activity of
gut microbiota. The pomegranate peel showed significant results
against obesity by improving glucose and lipid metabolism. The
finding of study suggested that correlation between phytochemical
components of pomegranate peel and obesity-related biomarkers
were significant (41). The peel extract of pomegranate has an ability
to manage body weight by reducing subcutaneous adipose tissue
and appetite. Thus, help to improve lipid profile to reduce weight.
The results of study revealed that combination of pomegranate peel
extract and probiotics exert significant effect to prevent and treat
obesity. The polyphenolic content in pomegranate peel specifically
ellagic acid, anthocyanins, punicalagins, and ellagitannins, which
play important role in treatment of obesity. These components and
probiotics treat the obesity by lowering triglycerides level, lipid
accumulation and inhibited the process of adipogenesis in cell.
The anti-obesity mechanism of phytochemical content contributes
in prevention of obesity (42). The results of the study showed
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The anti-viral activity of punicalin and punicalagin and anthocyanins and hydrolysable tannins against viral replication of SARS-CoV-2

that the supplementation of pomegranate peel extract exerts
significant effect against obesity and osteoarthritis in obese women.
A wide range of phytochemical components exhibits potential anti-
obesity effect by mechanism action of organic acids, anthocyanins,
punicalin, alkaloids and other beneficial properties on progression
of obesity. The supplementation potentially involves the reduction
of dyslipidemia, cholesterol, fat cells (adipocyte) and body
mass (43).

Anti-viral activity of pomegranate

Studies reveal that 50% of pomegranate’s inedible portion
contains bioactive compounds, including tannins, which serve as
significant anti-viral agents due to their astringent capacity (44).
Pomegranate waste, often overlooked in food processing, is a
promising antiviral agent and a crucial product in pharmaceutical
industries due to its effective chemical compounds, with studies
showing its effectiveness against various viruses (45). The ethanolic
pomegranate peel extract exhibits significant anti-viral activity
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against alphavirus, herpes, and influenza viruses by inhibiting viral
replication and disrupting cellular machinery, and its bioactive
compounds also have anti-viral properties (46). The pomegranate
peel extract demonstrated significant anti-viral activity against
influenza virus, inhibiting virus replication through hydrolysable
tannins, gallagic acid, luteolin, and hydroxy-benzoic acid, with high
concentrations (47). The anti-adinoviral activity of pomegranate
peel extract evaluated by MTT essay. An important component
in pomegranate peel extract, which is gallic acid, identified
as potential anti-viral phytochemical component with highest
concentration. Many other beneficial metabolites identified in
PPE including ellagitannins, organic acid, anthocyanins and gallic
acid which play significant role in inhibition of adenovirus
replication, growth and adsorption (48). The pomegranate peel
extract has shown therapeutic effects against various viral
diseases, particularly SARS-CoV-2. Its anti-viral bioactivity has
been significant against HIV in in vitro studies. The extracts
phytochemical components, such as punicalagin and punicalin,
block the binding of S-glycoprotein to ACE-2 receptors as shown
in Figure 7.
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Anti-diabetic activity of pomegranate

Studies show pomegranate extracts and parts have therapeutic
potential due to their diverse phytochemicals, including flavonoids,
tannins, ellagic acid, and catechins. Food industries use by-
products for functional foods (46, 50). The specific phytochemicals
of pomegranate peel demonstrated significant interactions with
a-amylase and a-glucosidases, helping to manage diabetes
effectively by regulating glucose level due to their strong
antidiabetic potential. These interaction contribute to proper
glucose metabolism (51). The pomegranate seed oil (PSO)
possesses potential antidiabetic activity due to abundance of
major phytochemical such as punicic acid (PA) which involved in
management of diabetes through various mechanisms including
modulation of glucose homeostasis, reduction of oxidative stress
and inflammatory cytokines. Pomegranate peel extract (PPE) also
has anti-hyperglycemic effect for treatment of diabetes. The anti-
diabetic activity of a-glucosidase showed significant results against
diabetes by regulating glucose uptake. The findings of experimental
study reported that the extract of pomegranate peel significantly
lower the glucose level by effective anti-diabetic mechanism. The
peel extract improved insulin secretion and glycemic control
that lead to regulation of blood sugar level (51, 52). This study
identified the high concentration of polyphenolic content including
flavonoids and polyphenols in hydroalcoholic pomegranate leave
extract. The maximum concentration of these polyphenols in
pomegranate leave extract showed significant inhibitory effect
against o-amylase, insulin sensitivity and glucose uptake and
thus help to treat diabetes. The hydroalcoholic and aqueous of
pomegranate leave extract exhibits potential anti-diabetic effect
against complications associated with diabetes diseases (15).
The study found that pomegranate extract, including its leaves,
peels, and juice, effectively reduced fat accumulation, cholesterol,
apoptosis, and inflammation in rats, and also reduced insulin
resistance (53).

Anti-hypertensive activity of pomegranate

Epidemiological studies highlight the significance of dietary
modifications in reducing cardiovascular disease incidence.
Among these, pomegranate leaf, peel, and seed contain bioactive
components with cardioprotective properties, which are important
for managing heart diseases, along medicinal treatment, lifestyle
changes and therapeutic diet (54). The therapeutic benefits
of compounds found in pomegranate peels and seeds, such
as hydrolysable tannins, ellagitannins, and ellagic acid. These
compounds help regulate blood pressure, reduce atherosclerosis,
and lower the risk of hypertension and coronary and peripheral
artery diseases (39). Use of supplementation of pomegranate peel
extract for 8 weeks showed significant reduction in triglycerides
level and lipid peroxidation (55). The pomegranate seeds enriched
with tocotrienols, polyphenols, triterpene, and phospholipids,
which exert antihypertensive activity by reducing blood pressure
and other biomarkers (56, 57). A previous study showed the
suppression of angiotensin-converting enzyme (ACE) enzyme to
treat hypertension and pomegranate peel extract (58). Therapeutic
effect of ellagic acid and proanthocyanidins in pomegranate peel
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extract showed significant results to reduce serum lipid profile and
provide protection from risk of cardiovascular diseases (43).

Anti-hepatotoxic activity of pomegranate

Pomegranate has the ability to scavenge excessive levels
of reactive oxygen species (ROS) due to action mechanism
with
such as polyphenols,

of wvarious antioxidant
properties.

particularly ellagitannins, tannins and anthocyanins help to

phytochemical ~components

Polyphenolic compounds

reduce oxidative stress and enhance the activity of liver enzymes
including serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST). These phenolic components also reduce
toxicity by modulating the toxicity mechanism. Pomegranate peel
extract have potential antioxidant and anti-hepatotoxic activity
against oxidation of hepatic cells (59). Therapeutic potential of
pomegranate seed oil (POS) has multitudinous effects against
hepatotoxicity. These antioxidants and other phytochemical
compounds possess anti-hepatotoxic activity against a-A induced
poisoning rats by targeting oxidative stress-induced hepatocyte
apoptosis. PSO contain number of anti-inflammatory compounds
such as punicic acid and gallic acid against oxidative biomarkers.
The study revealed that PSO has significant results against
inflammatory damage in the liver (60). The study has discussed
that pomegranate peel possesses ability to minimize the toxicity
level of Carbon tetrachloride (CCl4) in liver. The pomegranate peel
promotes the modification of inflammatory pathways The results
of that study showed that 4.5% of pomegranate peel exert more
antioxidant activity and improved liver function. The phenolic
compounds of pomegranate peel have antihepatotoxic potential
and enhance the functions of liver enzymes such as levels of
aspartate transaminase (AST), alanine transaminase (ALT), and
alkaline phosphatase (ALP) (61). The PPE also exert potential
influence on liver fibrosis against CCl4 induced rat liver. The
hepatotoxic damage significantly improved by application of PEE
supplementation (62). This study evaluated the anti-hepatotoxic
effects of pomegranate peel extract in rats with CCl4-induced
hepatotoxicity. Extracts with concentrations ranging from 1
to 10,000 pg/mL significantly reduced liver toxicity, oxidative
stress, and injury. Polyphenolic compounds like ellagic acid and
ellagitannins played a key role in these effects. Both alcoholic
and ethyl acetate extracts of pomegranate effectively inhibited
lipid peroxidation, offering protection against hepatotoxicity (63).
The pomegranate peel extract administrated with 200 mg/kg
concentration, reduced significantly serum marker enzymes
and improved liver enzymes activity by action of mechanism
of phytochemical component including ellagitannin, flavonoids,
phenolic acid and caffeic acids in PPE (64).

Anti-osteoporosis activity of pomegranate

Pomegranate peel extract has potential anti-osteoporosis
properties that help prevent the progression of bone loss. Several
phytochemical compounds present in PPE such as anthocyanins,
have the ability to protect from degenerative diseases including
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osteoporosis and osteopenia. A large number of polyphenolic
components such as hydrolysable tannins, punicalagin, flavonoids
and ellagic acid contribute to the therapeutic effects on bone
mineral homeostasis markers (65). Pomegranate has the ability
to reduce the bone loss, caused by postmenopausal osteoporosis
and improve bones efficacy. A wide range of polyphenolic
compounds present in pomegranate, one of them is punicalagin
(PUN) that has ability to enhance bone resorption. The
therapeutic potential of PUN has anti-inflammatory property
by inhibiting pro-inflammatory osteoclast gene expression. The
finding of the study confirm that pomegranate peel extract
promote osteoblastic functions (39). The nutritional benefits of
PPE promotes osteoblastic functions. The nutritional benefits
of PPE make it particularly beneficial for management chronic
diseases including osteoporosis and bone loss (66). The nutritional
management of pomegranate seed oil extract (PSOE) has
the ability to limit bone loss, osteoporosis and osteopenia.
The therapeutic potential effect of PSOE help to treat bone
microarchitecture impairment by enhancing antioxidative property
of phytochemical components. The results showed significant
reduction in progression of osteoporosis through PSOE. The study
also showed that PPE has ability to reduce bone mineral density by
inhibiting major key osteoclast markers. Polyphenols in PPE, such
as ellagic acid and tannins contribute to improve bone formation
and reducing inflammation. These phytochemical components of
PPE promote the proliferation and activity of osteoblasts, helping to
improve bone strength and mineral density by inhibiting osteoclast
activity (66).

Industrial uses of pomegranate by products

The by-products of pomegranate peel from industries managed
sustainably through various approaches. Here are some strategies
to promote economic circulation, address food insecurity, and
enhance human health:

1. Nutritional Supplements:

The pomegranate peel and other by-products of pomegranate
are utilized in managing various nutritional requirements.
Nutritional deficiencies and other health related diseases can be
treated by nutritional supplementation with pomegranate peel.
Pomegranate peel, as a nutraceutical and supplement has shown
significant potential in attenuating various chronic health problems
and fulfilling individual nutritional needs. The pomegranate
peel enrich with natural additives that play an important role
in nutraceutical industries (67). The pomegranate peel extract
considered one of the best additive for enhancing food quality
and taste, as it is enriched with natural food additives. The
pomegranate peel extract (PEE) is encapsulated and used in various
applications due to it's exceptional nutraceutical properties. The
biological properties of PPE encapsulation help to fight against
number of human related diseases (68). Muffin cakes made by
pomegranate peel offer multiple functional food benefit and serve
as an alternative to other types of cakes. The nutritional content
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of these pomegranate peel muffins contains enough amount of
essential nutrients including calcium, dietary fiber, potassium,
magnesium and other polyphenolic components which provide
antioxidant properties. However, the amount of pomegranate
peel added to the cake should not exceed 15%, as higher level
may negatively impact the nutritional composition and overall
formulation of muffin (69). Pomegranate peel extracts enhance
antioxidant properties and reduce microbial contamination when
used in fermented milk and cheese (70). Pomegranate peel, rich in
natural additives and polyphenols, is used in developing functional
and nutraceutical foods. Its infusion (PPI) significantly enhances
antioxidant activity, lipid profiles, and feed efficiency in broiler
chickens (71).

2. Animal Feed:

Pomegranate peel contain numerous phytochemicals and
polyphenolic compounds that protect against various cattle diseases
and enhance cattle feed, due to presence of ellagitannin, an
important antioxidant. The high antioxidant level in ellagitannin
play major role in improving cattle health. Its exceptional
properties help reduce oxidation and cholesterol levels in cattle.
The potential use of pomegranate peel and its extracts in
the nutraceutical industry support the development of cattle
feed supplement (72). An experimental study showed that
supplementing a 100kg diet with 10g of pomegranate peel
improved chick growth and significantly increased their weight.
Pomegranate peel extract also benefits other animals by enhancing
growth, nutrient digestibility, and absorption (73). A study showed
that supplementing cows with 4% pomegranate peel extract
significantly improved digestibility, feed intake, and metabolism.
Additionally, the extract enhanced the milk protein level in cows
(74). Another study examined the effect of pomegranate peel
extract on oxidative stress in dairy cows. The pomegranate peel
(PP) supplemented with high fatty acids (FA) diet (15 g/kg)
specifically polyunsaturated fatty acids and fed to dairy cows. The
effect of PP supplementation and FA on metabolic profile and
oxidative stress showed that it significantly improved lactation
productivity, milk fatty acid composition and oxidative stress in
dairy cows (75).

3. Composting:

The pomegranate peel extract plays avital role in enhancement
of plant growth, microbial protection and reduce need of fertilizers.
The pomegranate peel compost on plants to identify the effect of
PPE in replacement of other chemical fertilizers. The application
of spray of pomegranate peel extract with showed significant
improvement in soil fertility, plant growth, increased the process
of photosynthetic pigments, enhance in amount of all essential
minerals in soil and also increase the level of carotenoids in plant
composition (76). A previous study showed that pomegranate peel
with compost tea give significant antifungal on various harmful
fungicides. Pomegranate peel showed effective results against soil
borne pathogens by suppressing the activity of these fungicides
on affected plants. The fungicidal treatment of pomegranate tea
clearly showed that aqueous extract of pomegranate peel effectively
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manage the soil borne disease (77). The results of study revealed
that nutrient-rich fortified pomegranate peel powder provide
beneficial effects for plant growth and protection from harmful
fertilizers. The sustainable management of plants using fortified
pomegranate peel helps reduce the need for chemical fertilizers and
acts as a beneficial biofertilizer. The application of pomegranate
peel powder to soil enhances freshness and promotes the growth
of various vegetative plants (78). Pomegranate peel powder contain
large amount of natural additives, polyphenols and possesses the
ability to remove ammonium ions from water and aid in nutrients
adsorption. Sustainable management of pomegranate waste and
by-products provide many benefits in the field of agriculture. A
concentration of 400 mg of pomegranate peel powder contains
functional groups, that effectively remove ammonia in water
sample (79). The biological characteristics of pomegranate peel
and its phytochemical components make it more valuable organic
fertilizer for plants. The formulation of pomegranate peel powder
and its ethanol extract on growth of sage herbs and the results
showed significant growth of plant and enhance its chemical
composition with essential nutrients (80).

4. Natural Dyes:

The application of pomegranate peel plays significant
role in textile industry due to presence of natural dyes in
chemical composition. An aqueous extract of pomegranate peel
demonstrates effective antiradical activity due to photoproduction
of phenols and ellagic acid. Additionally, pomegranate peel
and zinc oxide are incorporated into fabrics to protect against
UV radiations. The wide range of organic photoprotective
components, present in pomegranate peel and its extracts is
extensively used in various dye techniques (81). The study
evaluated the effect of pomegranate peel on different dyed
substrate and identified its bio-functional activities. Pomegranate
peel identify the polyamide fabrics effect against different microbes.
The concentration of pomegranate peel, its extracts and natural
dyes significantly enhanced the dye ability and antibacterial
activity. Many extracts of pomegranate peel provide multiple
protection from Gram-negative bacteria in the textile industry
(49, 82). The application of pomegranate peel and its extracts
proven as eco-friendly environment in textile industry. The
solvent extraction of pomegranate peel effectively enhances the
washing fastness activity and involve in shading the fabric with
different colors without mordanting methods. The pomegranate
peel possesses significant importance in dying process of fabric
due to presence of non-toxic natural dyes (83). The results
of experimental study showed that pomegranate peel extract
possess potential importance in textile field. The potential dying
properties of pomegranate peel involve the dying of silk fabric
by dye fiber and natural mordants. It also the involvement
of enhancement of fabric surfaces. The pomegranate peel
under optimal parameters such time and temperature effect
the quality and dying level in fabric (3). The study found that
pomegranate peel and its extracts contain a large amount of
phytoconstituents, which act as stabilizers in the textile industry.
The polyphenolics in pomegranate peel can convert silver to its
nano form, providing fabric stability. Additionally, the organic dye
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in pomegranate extract plays a key role in changing the color of
fabric (84).

5. Cosmetic Industry:

Pomegranate peel, seeds and seed oil are extracted using
different extraction techniques such solvent extraction and
supercritical fluid extraction. A large number of phytochemical
components in pomegranate rind and seed including ellagic acid
and punicalagin. These two phytochemicals play a significant
role to enhance skin health by suppressing production melanin
through tyrosinase. The action mechanism of ellagic acid in
pomegranate extract help to lower the oxidative stress and increase
anti-inflammatory properties in skin (9). The applications of
pomegranate peel and its extract provide extensive advantages in
cosmetic industries. Pomegranate peel and its extracts comprises
various natural preservatives and bioactive components that
play vital role in cosmetic formulation. The natural bioactive
components mainly polyphenols provide potential protection from
microbes in cosmetic products. The pomegranate peel extract
with concentration of 10 mg/disc provide antimicrobial effect in
cosmetic products by providing inhibited zone against microbial
growth of Aspergillus (85). Pomegranate peel extract, rich in
bioactive compounds, provides antioxidant and anti-aging benefits
by protecting skin from UV A and UV B rays. Methanol and
ethanol extracts show potential for sunscreen manufacturing,
while the hydro-alcoholic extract, rich in polyphenols and
flavonoids, helps scavenge harmful radicals and support skin health
(86). Pomegranate peel and its extract various pharmacological
properties which increase the productivity of better and safe
quality cosmetic products. Results of previous study demonstrated
that administration of pomegranate peel extract which comprises
numerous phytochemical including punicalagin, gallic acids, ellagic
acid-hex, anthocyanins increases the level of glutathione (GSH)
and reduce the malondialdehyde (MDA) in the bloodstream and
improve skin health (87). In this study, pomegranate peel extract
showed potential role skin whitening by inhibiting an enzyme,
tyrosinase. The pomegranate peel extract inhibited the tyrosinase
activity in skin cells by tyrosinase hydrophobic binding pocket and
reduce the activity of melanin producing enzyme. The phenolic
concentration in extract help to give whitening effect and promote
the collage production in the skin (88).

6. Biogas Production:

The demand of energy production is increasing rapidly.
Different sources of energy productions are natural gas, coal and
other fossil fuels which use widely used for energy. Agricultural
and industrial wastes are renewable energy sources and can be
use in replacement of other energy sources. Pomegranate peel, a
major industrial waste, possesses significant potential for energy
production, particularly as fuel obtained through pyrolysis. The
organic matter of pomegranate peel used in anaerobic digestion
to produce biogas, contributing to renewable energy sources.
The ash content of pomegranate peel obtained from thermal
process comprise sufficient amount organic residues (89). The
ash content of pomegranate peel comprises of many essential
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residues char, which contribute to play vital role as activated
carbon. Through process of pyrolysis, the residues of pomegranate
peel obtained biogas. By pyrolysis process, enough amount of
organic matter:activated carbon, nitrogen and hydrogen obtain by
using potassium hydroxide. The chemical activation during the
process makes it time saver and faster than other biogas making
methods. The residues of pomegranate peel use for renewable
energy production as they provide activated carbon and maximum
nitrogen adsorption. As the chemical composition of pomegranate
peel represented that 46.48% carbon, 0.05% sulfur, and 3.13%
ash material, the high absorbent material in pomegranate peel is
less harmful after reducing content of ash, CO;, and other heavy
metals (89). By adopting these strategies, industries can contribute
to a circular economy, enhance human nutrition, and promote
environmental sustainability.

Conclusion

Pomegranate fruit (Punica granatum L.) is widely grown
in Mediterranean regions due to its climate resilience. The
pomegranate has been investigated for its biological properties
due to the discovery of various bioactive chemicals, including
ellagitannins such as punicalagin, punicalin, punicic acid, and
ellagic acid. These substances have beneficial impacts on human
health and have been evaluated in vitro and in vivo for their
ability to battle diseases such as cancer, obesity, diabetes, influenza,
bacterial infections, and inflammation. Nonetheless, it is critical
to investigate the mechanisms of action and conduct in vivo
metabolic assays to assess efficacy and side effects, as well as
to determine appropriate concentrations for the use of current
bioactive compounds in the cosmetic, pharmaceutical, and food
industries. Further exploration of pomegranate peels, seeds and
oil in the diet may offers effective strategy for treatment of
various diseases.

Author contributions

SN: Conceptualization, Data curation, Methodology,

Supervision, Writing - original draft, Writing - review &

References

1. Afzal ME, Khalid W, Armghan Khalid M, Zubair M, Akram S, Kauser S,
et al. Recent industrials extraction of plants seeds oil used in the development
of functional food products: a review. Int J Food Prop. (2022) 25:2530-
50. doi: 10.1080/10942912.2022.2144882

2. Boroushaki MT, Mollazadeh H, Afshari AR. Pomegranate seed oil: a
comprehensive review on its therapeutic effects. Int J Pharm Sci Res. (2016) 7:430.
doi: 10.13040/IJPSR.0975-8232.7(2).1000-13

3. Yang R, Li J, Cheng G, Inta A, Yang L. Textiles dyeing with pomegranate
(Punica granatum) peel extract using natural mordant. ] Nat Fibers. (2023)
20:2282056. doi: 10.1080/15440478.2023.2282056

4, Tkram A, Mehmood H, Arshad MT, Rasheed A, Noreen S, Gnedeka KT.
Applications of artificial intelligence (AI) in managing food quality and ensuring global
food security. CyTA-] Food. (2024) 22:2393287. doi: 10.1080/19476337.2024.2393287

5. Seyed Hashemi M, Namiranian N, Tavahen H, Dehghanpour A, Rad MH,
Jam-Ashkezari S, et al. Efficacy of pomegranate seed powder on glucose and

Frontiersin Nutrition

10.3389/fnut.2025.1528897

editing. BH: Conceptualization, Software, Validation, Writing —
original draft. PA: Methodology, Resources, Visualization, Writing
- review & editing. AA: Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

The authors gratefully acknowledge the University Institute
of Diet and Nutritional Sciences, The University of Lahore,
Lahore, Pakistan.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

lipid metabolism in patients with type 2 diabetes: a prospective randomized
double-blind placebo-controlled clinical trial. Complem Med Res. (2021) 28:226-
33. doi: 10.1159/000510986

6. Wang J, Sun M, Yu J, Wang J, Cui Q. Pomegranate seeds: a comprehensive
review of traditional uses, chemical composition, and pharmacological properties.
Front Pharmacol. (2024) 15:1401826. doi: 10.3389/fphar.2024.1401826

7. Yu M, Gouvinhas I, Chen ], Zhu Y, Deng J, Xiang Z, et al. Unlocking
the therapeutic treasure of pomegranate leaf: a comprehensive review on
phytochemical compounds, health benefits, and future prospects. Food Chem X.
(2024) 23:101587. doi: 10.1016/j.fochx.2024.101587

8. Zam W, Khaddour A. Anti-virulence effects of aqueous pomegranate
peel extract on E. coli wurinary tract infection. Progr Nutr. (2017)
19:98-104. doi: 10.23751/pn.v19i1-S.5693

9. Ko K, Dadmohammadi Y, Abbaspourrad A. Nutritional and
bioactive components of pomegranate waste used in food and cosmetic

frontiersin.org


https://doi.org/10.3389/fnut.2025.1528897
https://doi.org/10.1080/10942912.2022.2144882
https://doi.org/10.13040/IJPSR.0975-8232.7(2).1000-13
https://doi.org/10.1080/15440478.2023.2282056
https://doi.org/10.1080/19476337.2024.2393287
https://doi.org/10.1159/000510986
https://doi.org/10.3389/fphar.2024.1401826
https://doi.org/10.1016/j.fochx.2024.101587
https://doi.org/10.23751/pn.v19i1-S.5693
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Noreen et al.

applications: a  review. Foods. (2021) 10:657. doi:  10.3390/foods100

30657

10. Ranjitha J, Bhuvaneshwari G, Terdal D, Kavya K. Nutritional composition of
fresh pomegranate peel powder. Int ] Chem Stud. (2018) 6:692-6.

11. Magangana TP, Makunga NP, Fawole OA, Opara UL. Processing factors affecting
the phytochemical and nutritional properties of pomegranate (Punica granatum L.)
peel waste: A review. Molecules. (2020) 25:4690. doi: 10.3390/molecules25204690

12. Balaban M, Koc C, Sar T, Akbas MY. Antibiofilm effects of pomegranate peel
extracts against B. cereus, B. subtilis, and E. faecalis. Int ] Food Sci Technol. (2021)
56:4915-24. doi: 10.1111/ijfs.15221

13. Campos L, Seixas L, Dias S, Peres AM, Veloso AC, Henriques M.
Effect of extraction method on the bioactive composition, antimicrobial
activity and phytotoxicity of pomegranate by-products. Foods. (2022)
11:992. doi: 10.3390/foods11070992

14. Khan S, Patel A, Bhise K. Antioxidant activity of pomegranate peel powder. J
Drug Deliv Therap. (2017) 7:81-4. doi: 10.22270/jddt.v7i2.1380

15. Mohammed C, Mohamed A, Ahmed A, Mariod A. Antioxidant and anti-diabetic
activity of pomegranate (Punica granatum L.) leaves extracts. Foods Raw Mater. (2020)
8:329-36. doi: 10.21603/2308-4057-2020-2-329-336

16. Costanzo G, Vitale E, Iesce MR, Naviglio D, Amoresano A, Fontanarosa
C, et al. Antioxidant properties of pulp, peel and seeds of phlegrean mandarin
(Citrus reticulata Blanco) at different stages of fruit ripening. Antioxidants. (2022)
11:187. doi: 10.3390/antiox11020187

17. Silva V, Silva A, Ribeiro ], Aires A, Carvalho R, Amaral JS, et al
Screening of chemical composition, antimicrobial and antioxidant activities in
pomegranate, quince, and persimmon leaf, peel, and seed: Valorization of
autumn fruits by-products for a one health perspective. Antibiotics. (2023)
12:1086. doi: 10.3390/antibiotics12071086

18. Alogbi A, Omar U, Yousr M, Grace M, Lila MA, Howell N.
Antioxidant activity of pomegranate juice and punicalagin. Nat Sci. (2016)
8:235. doi: 10.4236/ns.2016.86028

19. Rojo-Gutiérrez E, Carrasco-Molinar O, Tirado-Gallegos ], Levario-Gomez A,
Chévez-Gonzalez M, Baeza-Jiménez R, et al. Evaluation of green extraction processes,
lipid composition and antioxidant activity of pomegranate seed oil. ] Food Meas
Charact. (2021) 15:2098-107. doi: 10.1007/s11694-020-00804-7

20. Ifora I, Hasyim N, Kardela W. Cyclooxygenase-2 inhibitory effect and anti-
inflammatory activity of pomegranate (Punica granatum L.) rind extract. ] Pharm Sci
Med. (2020) 5:17-22.

21. Gonzilez-Trujano ME, Pellicer FE Mena P, Moreno DA, Garcia-Viguera
C. Antinociceptive and anti-inflammatory activities of a pomegranate (Punica
granatum L.) extract rich in ellagitannins. Int J Food Sci Nutr. (2015) 66:395—
9. doi: 10.3109/09637486.2015.1024208

22. Ekpono EU, Eze ED, Adam AM, Ibiam UA, Obasi OU, Ifie
JE, et al. Ameliorative potential of pumpkin seed oil (Cucurbita pepo
L) against tramadol-induced oxidative stress.  Dose-Response.  (2024)

22:15593258241226913. doi: 10.1177/15593258241226913

23. Sayed S, Alotaibi SS, El-Shehawi AM, Hassan MM, Shukry M, Alkafafy
M, et al. The anti-inflammatory, anti-apoptotic, and antioxidant effects of a
pomegranate-peel extract against acrylamide-induced hepatotoxicity in rats. Life.
(2022) 12:224. doi: 10.3390/1ife12020224

24. Badr AN, Ali HS, Abdel-Razek AG, Shehata MG, Albaridi NA. Bioactive
components of pomegranate oil and their influence on mycotoxin secretion. Toxins.
(2020) 12:748. doi: 10.3390/toxins12120748

25. Chen J, Liao C, Ouyang X, Kahramanoglu I, Gan Y, Li M. Antimicrobial activity
of pomegranate peel and its applications on food preservation. J Food Qual. (2020)
2020:8850339. doi: 10.1155/2020/8850339

26. Rosas-Burgos EC, Burgos—Herna’ndez A, Noguera-Artiaga L, Kacdniovd
M, Hernindez-Garcia F, Cardenas-Lopez JL, et al. Antimicrobial activity of
pomegranate peel extracts as affected by cultivar. J Sci Food Agricul. (2017) 97:802-
10. doi: 10.1002/jsfa.7799

27. Mphahlele RR, Fawole OA, Makunga NP, Opara UL. Effect of
drying on the bioactive compounds, antioxidant, antibacterial and
antityrosinase activities of pomegranate peel. BMC Compl Altern Med. (2016)
16:1-12. doi: 10.1186/s12906-016-1132-y

28. Gaber A, Hassan MM, Dessoky E-DS, Attia AO. In vitro antimicrobial
comparison of Taif and Egyptian pomegranate peels and seeds extracts. J Appl Biol
Biotechnol. (2015) 3:12-7. doi: 10.7324/JABB.2015.3203

29. Kupnik K, PrimoZi¢ M, Vasi¢ K, Knez Z, Leitgeb M. A comprehensive study
of the antibacterial activity of bioactive juice and extracts from pomegranate (Punica
granatum L.) peels and seeds. Plants. (2021) 10:1554. doi: 10.3390/plants10081554

30. Jahani M, Pira M, Aminifard MH. Antifungal effects of essential oils against
Aspergillus niger in vitro and in vivo on pomegranate (Punica granatum) fruits. Sci
Hortic. (2020) 264:109188. doi: 10.1016/j.scienta.2020.109188

31. Alexandre EM, Silva S, Santos SA, Silvestre AJ, Duarte MFE Saraiva
JA, et al. Antimicrobial activity of pomegranate peel extracts performed by

Frontiersin

10.3389/fnut.2025.1528897

high pressure and enzymatic assisted extraction. Food Res Int. (2019) 115:167-
76. doi: 10.1016/j.foodres.2018.08.044

32. Sharayei P, Azarpazhooh E, Ramaswamy HS. Effect of microencapsulation on
antioxidant and antifungal properties of aqueous extract of pomegranate peel. ] Food
Sci Technol. (2020) 57:723-33. doi: 10.1007/s13197-019-04105-w

33. Patel A, Shadab K, Bhise K. Antifungal and antimicrobial activity of pomegranate
peel powder. World ] Pharm Res. (2017) 6:1424-30. doi: 10.20959/wjpr20174-8233

34, Okan OT, Pekozli AK, Onaran A, Mehmet O, Deniz 1. Determination
of chemical composition, antioxidant and antifungal properties of pomegranate
(Punica granatum L.) and Parsley (Petroselinum crispum) seed oil produced
in industrial scale. Artvin Coruh Universitesi Orman Fakiiltesi Dergisi. (2020)
21:683260. doi: 10.17474/artvinofd.683260

35. Mohamad T, Khalil A. Effect of pomegranate (Punica granatum L.) fruits peel on
some phytopathogenic fungi and control of tomato damping-off. Egyp ] Phytopathol.
(2014) 42:171-86. doi: 10.21608/ejp.2014.95592

36. Elsherbiny EA, Amin BH, Baka ZA. Efficiency of pomegranate
(Punica  granatum L.) peels extract as a high potential natural tool
towards Fusarium dry rot on potato tubers. Posthar Biol Technol. (2016)
111:256-63. doi: 10.1016/j.postharvbio.2015.09.019

37. Eid AM, Issa L, Arar K, Abu-Zant A, Makhloof M, Masarweh Y. Phytochemical
screening, antioxidant, anti-diabetic, and anti-obesity activities, formulation, and
characterization of a self-nanoemulsion system loaded with pomegranate (Punica
granatum) seed oil. Sci Rep. (2024) 14:18841. doi: 10.1038/541598-024-68476-7

38. Mayasankaravalli C, Deepika K, Lydia DE, Agada R, Thagriki D, Govindasamy
C, et al. Profiling the phyto-constituents of Punica granatum fruits peel extract
and accessing its in-vitro antioxidant, anti-diabetic, anti—obesity, and angiotensin-
converting enzyme inhibitory properties. Saudi ] Biol Sci. (2020) 27:3228-
34. doi: 10.1016/j.5jbs.2020.09.046

39. Wang W, Bai J, Zhang W, Ge G, Wang Q, Liang X, et al. Protective
effects of punicalagin on osteoporosis by inhibiting osteoclastogenesis and
inflammation via the NF-«B and MAPK pathways. Front Pharmacol. (2020)
11:696. doi: 10.3389/fphar.2020.00696

40. Machado M, Costa EM, Silva S, Rodriguez-Alcald LM, Gomes AM, Pintado
M. Pomegranate oil’s potential as an anti-obesity ingredient. Molecules. (2022)
27:4958. doi: 10.3390/molecules27154958

41. Song H, Shen X, Deng R, Chu Q, Zheng X. Pomegranate peel
anthocyanins prevent diet-induced obesity and insulin resistance in association
with modulation of the gut microbiota in mice. Eur ] Nutr. (2022)
61:1837-47. doi: 10.1007/s00394-021-02771-1

42. Sorrenti V, Randazzo CL, Caggia C, Ballistreri G, Romeo FV, Fabroni S,
et al. Beneficial effects of pomegranate peel extract and probiotics on pre-adipocyte
differentiation. Front Microbiol. (2019) 10:660. doi: 10.3389/fmicb.2019.00660

43. Haghighian MK, Rafraf M, Moghaddam A, Hemmati S, Jafarabadi MA, Gargari
BP. Pomegranate (Punica granatum L.) peel hydro alcoholic extract ameliorates
cardiovascular risk factors in obese women with dyslipidemia: a double blind
randomized, placebo controlled pilot study. Eur ] Integ Med. (2016) 8:676-
82. doi: 10.1016/j.eujim.2016.06.010

44. Valero-Mendoza A, Meléndez-Renteria N, Chavez-Gonzélez M, Flores-Gallegos
A, Wong-Paz ], Govea-Salas M, et al. The whole pomegranate (Punica granatum
L.), biological properties and important findings: a review. Food Chem Adv. (2023)
2:100153. doi: 10.1016/j.focha.2022.100153

45, Hikal W, Said-Al Ahl H, Tkachenko K, Mahmoud A, Bratovcic A, HodZi¢ S,
et al. An overview of pomegranate peel: a waste treasure for antiviral activity. Trop J
Nat Prod Res. (2022) 6:15-9. doi: 10.26538/tjnpr/v6il.3

46. Salles TS, Meneses MDF, Caldas LA, Si-Guimardes TE, de Oliveira DM,
Ventura JA, et al. Virucidal and antiviral activities of pomegranate (Punica
granatum) extract against the mosquito-borne Mayaro virus. Paras Vect. (2021) 14:1-
8. doi: 10.1186/s13071-021-04955-4

47. Moradi M-T, Karimi A, Shahrani M, Hashemi L, Ghaffari-Goosheh M-S. Anti-
influenza virus activity and phenolic content of pomegranate (Punica granatum L.) peel
extract and fractions. Avic ] Med Biotechnol. (2019) 11:285.

48. Karimi A, Moradi M-T, Rabiei M, Alidadi S. In vitro anti-adenoviral
activities of ethanol extract fractions, and main phenolic compounds of
pomegranate (Punica granatum L.) peel. Antiv. Chem Chemother. (2020)
28:2040206620916571. doi: 10.1177/2040206620916571

49. Ferrazzano GE Scioscia E, Sateriale D, Pastore G, Colicchio R, Pagliuca C, et al. In
vitro antibacterial activity of pomegranate juice and peel extracts on cariogenic bacteria.
Biomed Res Int. (2017) 2017:2152749. doi: 10.1155/2017/2152749

50. Savikin K, Zivkovi¢ J, Alimpi¢ A, Zduni¢ G, Jankovi¢ T, Duleti¢-Lausevi¢
S, et al. Activity guided fractionation of pomegranate extract and its antioxidant,
antidiabetic and antineurodegenerative properties. Indust Crops Prod. (2018) 113:142-
9. doi: 10.1016/j.indcrop.2018.01.031

51. Salwe KJ, Sachdev DO, Bahurupi Y, Kumarappan M. Evaluation of antidiabetic,
hypolipedimic and antioxidant activity of hydroalcoholic extract of leaves and fruit
peel of Punica granatum in male Wistar albino rats. ] Nat Sci Biol Med. (2015)
6:56. doi: 10.4103/0976-9668.149085


https://doi.org/10.3389/fnut.2025.1528897
https://doi.org/10.3390/foods10030657
https://doi.org/10.3390/molecules25204690
https://doi.org/10.1111/ijfs.15221
https://doi.org/10.3390/foods11070992
https://doi.org/10.22270/jddt.v7i2.1380
https://doi.org/10.21603/2308-4057-2020-2-329-336
https://doi.org/10.3390/antiox11020187
https://doi.org/10.3390/antibiotics12071086
https://doi.org/10.4236/ns.2016.86028
https://doi.org/10.1007/s11694-020-00804-7
https://doi.org/10.3109/09637486.2015.1024208
https://doi.org/10.1177/15593258241226913
https://doi.org/10.3390/life12020224
https://doi.org/10.3390/toxins12120748
https://doi.org/10.1155/2020/8850339
https://doi.org/10.1002/jsfa.7799
https://doi.org/10.1186/s12906-016-1132-y
https://doi.org/10.7324/JABB.2015.3203
https://doi.org/10.3390/plants10081554
https://doi.org/10.1016/j.scienta.2020.109188
https://doi.org/10.1016/j.foodres.2018.08.044
https://doi.org/10.1007/s13197-019-04105-w
https://doi.org/10.20959/wjpr20174-8233
https://doi.org/10.17474/artvinofd.683260
https://doi.org/10.21608/ejp.2014.95592
https://doi.org/10.1016/j.postharvbio.2015.09.019
https://doi.org/10.1038/s41598-024-68476-7
https://doi.org/10.1016/j.sjbs.2020.09.046
https://doi.org/10.3389/fphar.2020.00696
https://doi.org/10.3390/molecules27154958
https://doi.org/10.1007/s00394-021-02771-1
https://doi.org/10.3389/fmicb.2019.00660
https://doi.org/10.1016/j.eujim.2016.06.010
https://doi.org/10.1016/j.focha.2022.100153
https://doi.org/10.26538/tjnpr/v6i1.3
https://doi.org/10.1186/s13071-021-04955-4
https://doi.org/10.1177/2040206620916571
https://doi.org/10.1155/2017/2152749
https://doi.org/10.1016/j.indcrop.2018.01.031
https://doi.org/10.4103/0976-9668.149085
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Noreen et al.

52. Bacha WA, Hamza A, Khan AA, Aziz T, Wu J, Al-Asmari E et al. Scrutinizing
the antidiabetic, antidiarrheal, and anti-inflammatory activities of methanolic extract
of pomegranate peel via different approaches. Ital ] Food Sci. (2024) 36:1-
14. doi: 10.15586/ijfs.v36i1.2459

53. Amri Z, Ben Khedher MR, Zaibi MS, Kharroubi W, Turki M, AyadiF, et al. Anti-
diabetic effects of pomegranate extracts in long-term high fructose-fat fed rats. Clin
Phytosci. (2020) 6:1-9. doi: 10.1186/s40816-020-00202-y

54. Sahebkar A, Ferri C, Giorgini P, Bo S, Nachtigal P, Grassi D.
Effects of pomegranate juice on blood pressure: a systematic review and
meta-analysis of randomized controlled trials. Pharmacol Res. (2017)
115:149-61. doi: 10.1016/j.phrs.2016.11.018

55. GrabeZ M, Skrbi¢ R, Stojilikovi¢ MP, Rudi¢-Gruji¢ V, Paunovi¢ M, Arsi¢
A, et al. Beneficial effects of pomegranate peel extract on plasma lipid profile,
fatty acids levels and blood pressure in patients with diabetes mellitus type-
2: a randomized, double-blind, placebo-controlled study. J Funct Foods. (2020)
64:103692. doi: 10.1016/}.jff.2019.103692

56. Gbinigie OA, Onakpoya IJ, Spencer EA. Evidence for the effectiveness
of pomegranate supplementation for blood pressure management is
weak: a systematic review of randomized clinical trials. Nutr Res. (2017)
46:38-48. doi: 10.1016/j.nutres.2017.07.007

57. Majeed ZR, Qasim FK, Hassan HA. Hypotensive action of pomegranate seed
extract and zinc chloride in hypertensive rats. ZANCO ] Pure Appl Sci. (2019) 31:44-
52. doi: 10.21271/zjpas.31.5.6

58. Benedetti G, Flori L, Spezzini ], Miragliotta V, Lazzarini G, Pirone A, et al.
Improved cardiovascular effects of a novel pomegranate byproduct extract obtained
through hydrodynamic cavitation. Nutrients. (2024) 16:506. doi: 10.3390/nu16040506

59. Ibrahim ZS, Nassan MA, Soliman MM. Ameliorative effects of pomegranate on
carbon tetrachloride hepatotoxicity in rats: a molecular and histopathological study.
Mol Med Rep. (2016) 13:3653-60. doi: 10.3892/mmr.2016.4956

60. Sezer E, Elmazoglu Z, Esendagli G, Ilhan SO, Karasu G. Protection against a-
amanitin-induced liver toxicity: Efficacy of pomegranate seed oil and black cumin oil.
Toxicon. (2024) 247:107854. doi: 10.1016/j.toxicon.2024.107854

61. Khedr A, Yossef H, El-Keshky M. Utilization of pomegranate peel waste in
reducing the risk of hepatotoxic rats by Ccl4. ] Home Econ Menof Univ. (2023)
33:53-66. doi: 10.21608/mkas.2023.201887.1218

62. Rania A, Fatma MS, Amira M, Nahed M. Comparative evaluation of
hepatoprotective activities of single and combined administration of silymarin, ficus
leaves and pomegranate peel extracts on CCl4 indced liver injury: preliminary study.
Curr Sci Int. (2017) 6:471-90.

63. Jamshidzadeh A, Niknahad H, Abbasian M, Mehrabadi AR. Hepatoprotective
effect of pomegranate (Punica granatum) fruit juice and seed extracts against CCL4-
induced toxicity: hepatoprotective effect of pomegranate extracts. Iran J Pharm Sci.
(2012) 8:181-7. doi: 10.22037/ijps.v8.40937

64. Al-Sallami A, Al-Bideri AW, Alsaaedi SH. Hepatoprotective effect of
pomegranate peel (Punica granatum L.) against thioacetamide-induced cirrhosis. Egyp
J Exp Biol. (2018) 14:41-7. doi: 10.5455/egysebz.20180307082709

65. Fahmy HA, Farag MA. Ongoing and potential novel trends of pomegranate
fruit peel; a comprehensive review of its health benefits and future perspectives as
nutraceutical. ] Food Biochem. (2022) 46:€14024. doi: 10.1111/jfbc.14024

66. Spilmont M, Léotoing L, Davicco M-J, Lebecque P, Miot-Noirault E, Pilet
P, et al. Pomegranate peel extract prevents bone loss in a preclinical model of
osteoporosis and stimulates osteoblastic differentiation in vitro. Nutrients. (2015)
7:9265-84. doi: 10.3390/nu7115465

67. Akhtar S, Ismail T, Fraternale D, Sestili
and peel extracts: chemistry and food features.
174:417-25. doi: 10.1016/j.foodchem.2014.11.035

P. Pomegranate
Food  Chem.

peel
(2015)

68. Kaderides K, Kyriakoudi A, Mourtzinos I, Goula AM. Potential of pomegranate
peel extract as a natural additive in foods. Trends Food Sci Technol. (2021) 115:380-
90. doi: 10.1016/j.tifs.2021.06.050

69. Ismail T, Akhtar S, Riaz M, Ismail A. Effect of pomegranate peel supplementation
on nutritional, organoleptic and stability properties of cookies. Int J Food Sci Nutr.
(2014) 65:661-6. doi: 10.3109/09637486.2014.908170

70. Azmat F, Safdar M, Ahmad H, Khan MR], Abid J, Naseer MS, et al. Phytochemical
profile, nutritional composition of pomegranate peel and peel extract as a potential
source of nutraceutical: a comprehensive review. Food Sci Nutr. (2024) 12:661-
74. doi: 10.1002/fsn3.3777

71. Ghosh S, Chatterjee PN, Maity A, Mukherjee ], Batabyal S, Chatterjee JK. Effect of
supplementing pomegranate peel infusion on body growth, feed efficiency, biochemical

Frontiersin

14

10.3389/fnut.2025.1528897

metabolites and antioxidant status of broiler chicken. Trop Anim Health Prod. (2020)
52:3899-905. doi: 10.1007/s11250-020-02352-0

72. Kushwaha S, Bera M, Kumar P. Nutritional composition of detanninated and
fresh pomegranate peel powder. IOSR J Environ Sci Toxicol Food Technol. (2013)
7:38-42. doi: 10.9790/2402-0713842

73. Hamady GA, Abdel-Moneim MA, El-Chaghaby GA, Abd-El-Ghany ZM,
Hassanin MS. Effect of Pomegranate peel extract as natural growth promoter on the
productive performance and intestinal microbiota of broiler chickens. Afr J Agric Sci
Technol. (2015) 3:514-9.

74. Abarghuei MJ, Rouzbehan Y, Salem A, Zamiri MJ. Nutrient digestion, ruminal
fermentation and performance of dairy cows fed pomegranate peel extract. Livest Sci.
(2013) 157:452-61. doi: 10.1016/j.livsci.2013.09.007

75. Akhlaghi B, Ghasemi E, Alikhani M, Ghaffari M, Razzaghi A. Effects of
supplementing pomegranate peel with fatty acid sources on oxidative stress, blood
metabolites, and milk production of dairy cows fed high-concentrate diets. Anim Feed
Sci Technol. (2022) 286:115228. doi: 10.1016/j.anifeedsci.2022.115228

76. El Sebai T, Al-Ashkar N, Ramadan A, Abdallah M, El-Bassiouny
H. Ameliorating the adverse effects of salinity on wheat plants using the
bio-wastes (pomegranate peel extract and/or compost). Braz ] Biol. (2023)
83:€275700. doi: 10.1590/1519-6984.275700

77. Abou El Nour MM, Mona E, Wadi J. Suppressive effect of compost/pomegranate
peel tea combination against Fusarium oxysporum f sp lupini, and Rhizoctonia
solani as an alternative synthetic fungicide. Egyp ] Exp Biol. (2020) 16:13-
25. doi: 10.5455/egyjebb.20191208124236

78. Bodor A, Bellahsen N, Perei K, Hodur C, Feigl G. Phytotoxicity
evaluation of nutrient-fortified pomegranate peel powders prepared from
food waste and their feasibility as biofertilizers. Environ Dev Sustainab. (2024)
26:3671-85. doi: 10.1007/s10668-022-02852-z

79. Bellahsen N, Varga G, Halyag N, Kertész S, Tombécz E, Hoddr C. Pomegranate
peel as a new low-cost adsorbent for ammonium removal. Int J Environ Sci Technol.
(2021) 18:711-22. doi: 10.1007/s13762-020-02863-1

80. Abd-Rabbu HS, Wahba HE, Khalid KA. Pomegranate peel modifies growth
essential oil and certain chemicals of sage (Salvia officinalis L.) herb. Biocatal Agricul
Biotechnol. (2021) 33:101978. doi: 10.1016/j.bcab.2021.101978

81. Otaviano BTH, Sannomiya M, de Lima FS, Tangerina MMP, Tamayose CI,
Ferreira MJP, et al. Pomegranate peel extract and zinc oxide as a source of natural dye
and functional material for textile fibers aiming for photoprotective properties. Mater
Chem Phys. (2023) 293:126766. doi: 10.1016/j.matchemphys.2022.126766

82. Bouaziz A, Dridi D, Gargoubi S, Chelbi S, Boudokhane C, Kenani A, et al.
Analysis of the coloring and antibacterial effects of natural dye: pomegranate peel.
Coatings. (2021) 11:1277. doi: 10.3390/coatings11111277

83. Rehman FE Naveed T, Nadeem M, Wei W. Study on tencel fabric
dyeing with pomegranate peel natural dyes. Asian J Chem. (2017) 29:2279-
84. doi: 10.14233/ajchem.2017.20761

84. Joshi SJ, Geetha S, Al-Mamari S, Al-Azkawi A. Green synthesis of
silver nanoparticles using pomegranate peel extracts and its application in
photocatalytic degradation of methylene blue. Jundishapur ] Nat Pharm Prod.
(2018) 13:67846. doi: 10.5812/jjnpp.67846

85. Gigliobianco MR, Cortese M, Nannini S, Di Nicolantonio L, Peregrina DV,
Lupidi G, et al. Chemical, antioxidant, and antimicrobial properties of the peel
and male flower by-products of four varieties of Punica granatum L. cultivated
in the Marche region for their use in cosmetic products. Antioxidants. (2022)
11:768. doi: 10.3390/antiox11040768

86. Zeghad N, Ahmed E, Khan MZ, Belkhiri A. Exploring the potential use of
pomegranate (Punica granatum L.) and prickly pear (Opuntia ficus indica L.) peels
as sources of cosmaceutical sunscreen agent for their antioxidant and photoprotective
properties. Pharmaceut Sci Asia. (2023) 50:116. doi: 10.29090/psa.2023.04.23.116

87. Singh J, Kaur HP, Verma A, Chahal AS, Jajoria K, Rasane P, et al.
Pomegranate peel phytochemistry, pharmacological properties, methods of extraction,
and its application: a comprehensive review. Acs Omega. (2023) 8:35452-
69. doi: 10.1021/acsomega.3c02586

88. Laosirisathian N, Saenjum C, Sirithunyalug J, Eitssayeam S, Sirithunyalug B,
Chaiyana W. The chemical composition, antioxidant and anti-tyrosinase activities,
and irritation properties of sripanya Punica granatum peel extract. Cosmetics. (2020)
7:7. doi: 10.3390/cosmetics7010007

89. Saadi W, Rodriguez—Sénchez S, Ruiz B, Najar-Souissi S, Ouederni A, Fuente
E. From pomegranate peels waste to one-step alkaline carbonate activated carbons
prospect as sustainable adsorbent for the renewable energy production. ] Environ Chem
Eng. (2022) 10:107010. doi: 10.1016/j.jece.2021.107010


https://doi.org/10.3389/fnut.2025.1528897
https://doi.org/10.15586/ijfs.v36i1.2459
https://doi.org/10.1186/s40816-020-00202-y
https://doi.org/10.1016/j.phrs.2016.11.018
https://doi.org/10.1016/j.jff.2019.103692
https://doi.org/10.1016/j.nutres.2017.07.007
https://doi.org/10.21271/zjpas.31.5.6
https://doi.org/10.3390/nu16040506
https://doi.org/10.3892/mmr.2016.4956
https://doi.org/10.1016/j.toxicon.2024.107854
https://doi.org/10.21608/mkas.2023.201887.1218
https://doi.org/10.22037/ijps.v8.40937
https://doi.org/10.5455/egysebz.20180307082709
https://doi.org/10.1111/jfbc.14024
https://doi.org/10.3390/nu7115465
https://doi.org/10.1016/j.foodchem.2014.11.035
https://doi.org/10.1016/j.tifs.2021.06.050
https://doi.org/10.3109/09637486.2014.908170
https://doi.org/10.1002/fsn3.3777
https://doi.org/10.1007/s11250-020-02352-0
https://doi.org/10.9790/2402-0713842
https://doi.org/10.1016/j.livsci.2013.09.007
https://doi.org/10.1016/j.anifeedsci.2022.115228
https://doi.org/10.1590/1519-6984.275700
https://doi.org/10.5455/egyjebb.20191208124236
https://doi.org/10.1007/s10668-022-02852-z
https://doi.org/10.1007/s13762-020-02863-1
https://doi.org/10.1016/j.bcab.2021.101978
https://doi.org/10.1016/j.matchemphys.2022.126766
https://doi.org/10.3390/coatings11111277
https://doi.org/10.14233/ajchem.2017.20761
https://doi.org/10.5812/jjnpp.67846
https://doi.org/10.3390/antiox11040768
https://doi.org/10.29090/psa.2023.04.23.116
https://doi.org/10.1021/acsomega.3c02586
https://doi.org/10.3390/cosmetics7010007
https://doi.org/10.1016/j.jece.2021.107010
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Phytochemicals and pharmacology of pomegranate (Punica granatum L.): nutraceutical benefits and industrial applications: a review
	Introduction
	Method
	Phytochemical composition of pomegranate
	Health benefits of pomegranate
	Antioxidant activity of pomegranate
	Anti-inflammatory activity of pomegranate
	Anti-microbial activity of pomegranate
	Anti-fungal activity of pomegranate
	Anti-obesity activity of pomegranate
	Anti-viral activity of pomegranate
	Anti-diabetic activity of pomegranate
	Anti-hypertensive activity of pomegranate
	Anti-hepatotoxic activity of pomegranate
	Anti-osteoporosis activity of pomegranate
	Industrial uses of pomegranate by products

	Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


