Saudi Journal of Biological Sciences 30 (2023) 103553

HOSTED BY

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect.com

Contents lists available at ScienceDirect

algall plal djageull Agagall
SAUDI BIOLOGICAL SOCIETY|

Review
Potential of phenolic compounds from pomegranate (Punica granatum L.) )
by-product with significant antioxidant and therapeutic effects: A i

narrative review

A.A. Saparbekova ?, G.0. Kantureyeva **, D.E. Kudasova ¢, Z.K. Konarbayeva®, A.S. Latif®

4 M. Auezov South Kazakhstan University, Biotechnology department, Tauke-Chan av., 5, 486050 Shymkent, Kazakhstan
M. Auezov South Kazakhstan University, Food Engineering department, Tauke-Chan av., 5, 486050 Shymkent, Kazakhstan
€M. Auezov South Kazakhstan University, Biology and Geography Department, Tauke-Chan av., 5, 486050 Shymkent, Kazakhstan

ARTICLE INFO

Article history:

Received 26 May 2022

Revised 29 November 2022
Accepted 20 December 2022
Available online 28 December 2022

Keywords:
Polyphenols
Flavonoids
By-products
Pomegranate peel
Radical reactions
Antioxidants
Therapeutic

ABSTRACT

The wealth of epidemiological evidence in the scientific world underscores the possibility that a plant-
based diet can reduce the prevalence of common diseases such as diabetes, cardiovascular disease, can-
cer, and stroke. The therapeutic effects of plant sources are partly explained by phenolic secondary
metabolites or polyphenolic compounds. Therefore, polyphenolic compounds, which are widely dis-
tributed in plants, are of great interest for the development of effective specific drugs with antioxidant
and anti-inflammatory effects. Moreover, polyphenol compounds have no harmful effects due to their
natural biocompatibility and safety. Numerous studies have highlighted the potential of some industrial
food wastes from plant material processing, including apple peels and mashed potatoes, grape skins,
tomato and carrot peels, pomegranate peels and seeds, and many others. These byproducts are consid-
ered low-cost sources of natural biological compounds, including antioxidants, which have beneficial
effects on human health.

The polyphenol complex of pomegranate peel (Punica granatum L.), which makes up half of the pome-
granate fruit, has more pronounced antioxidant and anti-inflammatory properties than other parts. And
the most important active components of pomegranate peel, which are found only in this plant, are puni-
calagin, followed by ellagic acid and gallic acid. It is known that these polyphenolic compounds of pome-
granate peel have the most pronounced therapeutic effect. Several studies have shown the protective
effect of ellagic acid, punicalagin, against oxidative stress damage caused by free radicals. The potential
of pomegranate peel as an antioxidant and therapeutic component in various biological systems is high,
according to scientific sources.

However, despite extensive research in recent years, a review of sources has shown that there is insuf-
ficient evidence to support the therapeutic effects of polyphenolic compounds from pomegranate peels.
The role of pomegranate peel polyphenolic compounds, including flavonoids, as antioxidants in various
biological systems also requires further research. Of particular importance are the mechanisms by which
antioxidants influence the cellular response against oxidative stress. The purpose of this review was to
report our current knowledge of plant polyphenolic compounds and their classification, and to evaluate
the potential of phenolic compounds from pomegranate peels with significant antioxidant and therapeu-
tic effects.
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1. Introduction

The concept of plant-based nutrition has become a fundamental
issue worldwide due to its universal health benefits (Lavecchia
et al.,, 2013; Kumar and Pandey, 2013). Various scientific studies
have described plant raw materials as a reliable source of food, aro-
matic, medicinal and cosmetic ingredients and other special mate-
rials (Marchev et al., 2020; Andrea and Verpoortea, 2011; Luchian
et al.,, 2019).

Evidence that fruits and vegetables, along with other plant
foods, are important components of a healthy diet is based on a
large body of scientific research showing that their consumption
helps prevent chronic diseases. Fruits and vegetables contain a
whole range of chemical products, especially secondary metabo-
lites of polyphenolic nature. These chemical products have benefi-
cial biological and antioxidant activity important to humans,
including ascorbic acid, carotenoids and polyphenols such as flavo-
noids and phenolic acids (Ruiz-Torralba et al., 2018; Hasan et al.,
2017). Additionally, these substances interrupt rapidly occurring
oxidative processes and form weak radicals that can be easily
excreted.

On the other hand, the processing of fruits and vegetables gen-
erates significant amounts of biological residues or by-products in
the form of peels, seeds, and pulp. To manage food waste and pre-
vent its loss, the Food Waste Management Hierarchy - Principle 3R:
Reduce, Reuse, and Recycle - has been introduced in several coun-
tries. The environmental outlook and impact of discarded food
waste is changing according to this approach (Dri et al., 2018).
For fruits and vegetables, losses can be as high as 50 % throughout
the supply chain. According to FAO (Fao, 2018), the FAO’s goal is to
reduce food waste by about 50 % by 2050 and to use processed
waste as raw material. The FAO database shows that the average
percentage of waste from fruit and vegetable processing is less
than 10 %, but in some cases up to 40 % (https://www.fao.
org/platform-food-loss-waste/flw-data/en/ Database, 2022). It is
worth mentioning that these by-products contain many valuable
nutrients (Gulsunoglu et al., 2019).

This review presents recently published results on the use of
promising by-products from pomegranate peels in various biolog-
ical systems, focusing on the antioxidant activity of phenolic com-
pounds from pomegranate peels.

2. Methodology

Information was not selected via the Yandex or Google search
engines, but via the Web of Science, Scopus, PubMed, and Google
Scholar bibliographic databases. In order to simplify the further
search for suitable literature, a pre-selection of criteria for scien-
tific papers was made (phrases for certain keywords, impact

factors of publications, etc.). In selecting sources, research articles,
review articles, experimental articles, literature reviews, and book
chapters, the number of times they were cited in the past year was
considered. Only relevant information was considered, so 125
sources were covered in this work.

3. Polyphenolic compounds from plant sources and their
classification

Polyphenols are widely distributed in the plant world as sec-
ondary metabolites, especially in fruits and vegetables. Polyphe-
nols are a well-known group of phenolic systems characterized
by at least two phenyl rings and one or more hydroxyl groups.
There are about 10,000 different phenolic structures known, which
are widely distributed in the plant world and are also found in
foods (Coppo and Marchese, 2014; Crozier et al., 2009).

The classification of polyphenols is based on the analysis of the
structure of the phenolic part of the molecule. But their diversity is
also largely determined by molecules of carbohydrates, organic
acids, and other substances attached to scaffold (Singla et al.,
,2019).

Consequently, polyphenols are simply classified into flavonoids
and non-flavonoids. Alternatively, polyphenols are divided into
many subclasses depending on the number of phenolic rings in
their molecular structure, the substituent groups and the structural
elements that bind these rings together (Pandey and Rizvi, 2009).
Polyphenols are thus classified according to their origin, polyphe-
nol function, and chemical structure, and major groups include fla-
vonoids, phenolic acids, stilbenoids, and lignans with thousands of
compounds in each group (Fig. 1) (Ofosu et al., 2020).

One of the most studied classes of polyphenolic compounds is
flavonoids. The phenolic backbone of flavonoid molecules contains
15 carbon atoms and consists of two aromatic rings connected
through three carbon atoms. Classification of flavonoids is based
on differences in the structure of the three carbon atoms that con-
nect the rings. Different ways of closing this ring, related to differ-
ences in the oxidation degree of the first ring, give different classes
of flavonoids (Es-Safi et al., 2007). Thus, due to differences in the
structure of flavonoid compounds, flavonoids are classified as fla-
vanols, flavanones, flavonols, isoflavones, flavones, and antho-
cyanins with their corresponding subclasses (Fig. 2).

Other flavonoid compounds may also include compounds such
as bioflavonoids (e.g., ginkgetin), prenylflavonoids, flavonolignans
(e.g., silybin), and esters of flavonoid glycoside, chalcones, and
proanthocyanins (Singla et al., 2019).

The classifications presented confirm the great variety of
polyphenolic compounds of plant origin. Thus, to date, several
thousand polyphenolic compounds have been characterized and
grouped into different classes in plants. Table 1 presents some of
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Fig. 1. The major groups of polyphenols include flavonoids, phenolic acids, stilbenoids and lignans.
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Fig. 2. Flavanoid classes and subclasses.
the most studied plant sources with high content of polyphenolic Table 1 confirms the diversity of polyphenolic compounds and
compounds and their antioxidant activity, which has a positive their plant sources, which include pomegranate fruit and

effect on human health. byproducts.
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Table 1
Plant sources with high content of polyphenolic compounds and their health effects.
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Plant raw materials

Representatives of polyphenolic compounds

Health effects

Source of literature

Bersama abyssinica
(Meliathaceae)
Tea leaves

Origanum vulgare
(Lamiaceae)

Mallotus
philippinensis

Chokeberry (Aronia
melanocarpa)
fruits and leaves

Lingonberry
(Vaccinium vitis-
idaea L.)

Hawthorn Fruits
(Crataegus)

Citrullus
colocynthis
Schrad
(Cucurbitaceae)

Pre-ripe and ripe
mango

Cranberry extract

Pomegranate
(Punica
granatum) juice

Red pomegranate
(Punica
granatum L.)
juice

Pomegranate
(Punica
granatum) fruits

Pomegranate
(Punica
granatum) peel

Carrots

Mustard (Brassica
Jjuncea)

Soy seeds

Kale (Brassica
oleracea L. var.
acephala)

Onion (Allium cepa
L)

Isoquercitin, syringaldehyde and other phenolic substances

Catechins (epigallocatechin-3-gallate (EGCG) and epicatechin — 3-
gallate (ECG))

Phenolic acids, luteolin
Quercetin, rottlerin

Proanthocyanidins

Total anthocyaninFlavanols (Quercetin derivatives (sum)
)Total flavonoids

(phenolic acids)

Anthocyanins

Proanthocyanidins,

total polyphenols, flavonoids
cyanidin

Flavonoids

and flavone glycosides

Gallic acid, chlorogenic acid, carotenoids

Proanthocyanidins

Punicalagin and ellagic acid

Flavonoids and tannins

Ellagitannins, punicalagin, anthocyanins (3-glucosides and 3,5-
glucosides of delphinidin, cyanidin, and pelargonidin) and
flavonols

Gallic acid and flavonoids (quercetin, kaempferol and luteolin
glycosides)

Anthocyanins,chlorogenic acid, carotenoids

Sinapic acid, gallic acid, vanillic acid, caffeic acid, p-Coumaric acid,
ferulic acid, p-Hydroxybenzaldehyde, vanillin, Epigallocatechin
gallat, epicatechin gallat, rutin, naringin, proanthocyanidins,
protocatechuic acid, p-hydroxybenzoic acid, catechin, chlorogenic
acid

Isoflavones (daidzein, daidzin, genistein and genistin)

Total flavonoid, quercetin, kamempferol, total phenol,
hydroxycinnamic acids, carotenoids

Quercetin derivates, cyanidin

Antimicrobial, antiviral, antioxidant and
hypoglycemic activities

Antibacterial, inhibit LtxA-mediated cytotoxicity in
human white blood cells

Anticancer, anti-inflammatory, antioxidant and
antimicrobial activities

Anti-inflammatory, antiasthmatic, analgesic, and
antioxidant activity

Antioxidant effect

Cardiovascular, metabolic, brain, and gastrointestinal
health and cancer prevention

Antioxidant, anticarcinogenic, and anti-inflammatory
effects

Antibacterial and anticandidal properties

Antioxidant, immuno-stimulating, and antiviral
properties

Prebiotic effect

promote the presence of Akkermansia in the gut
microbiota

anti-carcinogenic and anti-inflammatory properties

Probiotic action

as future anticancer agents, antiproliferative, anti-
invasive, and antimetastatic effects,

Anti-S. aureus and anti-S. enterica activities

Antioxidant activity
Anti-oxidation, anti-inflammation, and bacteriostatic
and antiviral activity

Antioxidant and anti-inflammatory activity

Protective role in coronary artery disease, anti-
inflammatory activity, antigenotoxic ability, anti-
microbial against specific microorganisms
Antioxidant, inhibitory activities

(Zekeya et al.,
2020)

(Hyung et al.,
2019; Yang-Hee
et al,, 2013)
(Parra et al., 2021)

(Mayank et al.,
2014)

(Lee et al., 2014;
Jurendi¢, 2021)

(Ross and David,
2015)

(Farouk et al.,
2013)

(Marzouk et al.,
2009; Kapoor et al.,
2020)

(Bhatt Anjali &,
2016)
(Anhé et al., 2016)

(Sari et al., 2018)

(Riani et al., 2019)

(Eleonora et al.,
2015)

(Aboulgasem and
Azab, 2015)

(Sun et al., 2009)
(Tian and Deng,
2020)

(Maciej et al.,
2020)

(Neela Satheesh &
Solomon Workneh
Fanta, 2020)
(Ouyang et al.,
2018; Rita et al,,
2020)

It is also evident that a variety of polyphenolic compounds
are formed by methylation, glycosylation, or esterification of
hydroxyl groups, as well as by dimerization and polymerization.
Such formation of new compounds results in the inclusion of dif-
ferent substituent groups in the molecule (Plaza et al., 2014). For
example, as demonstrated in (Metsamuuronen and Sirén, 2019)
methylation of polyphenolic compounds hydroxyl groups inten-
sifies biological activity of stilbenes and O-methylation of hydro-
xyl groups in flavonoids decreases their reactivity and improves
their antimicrobial properties. Therefore, each class of polyphe-
nolic compounds has a wide range of effects on different biolog-
ical systems.

4. The role of polyphenolic compounds of pomegranate peel,
including flavonoids, as antioxidants in various biological
systems

Biological wastes, which are produced in significant quantities
each year in the agri-food industry, pose a serious problem for dis-
posal. In recent years, much attention has been paid to the extrac-
tion of phenols and other nutrients from agricultural wastes. They
can be a cheap and safe source of natural food supplements and
ingredients (Nag and Sit, 2018; Tandokazi et al., 2020). Therefore,
the use of biological residues or by-products, including antioxi-
dants, meets the current consumer desire for health-promoting
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nutrient compounds (Carpentieri et al., 2021). Some of these food
wastes have been studied and are considered acceptable sources
of phenolic antioxidants. In one paper (Balasundram et al., 2006),
the peels of fruits such as oranges, apples, peaches, and others
were found to contain a higher amount of phenols than the edible
fleshy parts.

As reported in (Singha et al., 2018), pomegranate peel is a valu-
able source of bioactive compounds such as phenolic acids (hy-
droxycinnamic acid and hydrobenzoic acid), hydrolyzable tannins
(ellagitannins, gallotannins, and gallagylesters), and flavonoids
compared to the other parts of the pomegranate. Numerous studies
have shown that the peel of the pomegranate is the component
with the higher polyphenol content among the seeds, peel and
juice (Fourati et al., 2019; Zaki et al., 2015).

To that, in the processing of pomegranate (Punica granatum)
approximately 500 g/kg of pomegranate fruit falls on the inedible
part - the peel. The remaining half contains about 400 g/kg of juice
and 100 g/kg of seeds (Al-Rawahi et al., 2013).

According to a study by Tunisian scientists, the total polyphe-
nols in pomegranate peel amounted to 85.60 + 4.87 mg equivalents
of gallic acid (GAE) per g of dry weight (mg GAE/g DW), flavonoids
(51.52 + 8,14 mg equivalents of rutin per g of dry weight (mg RE/g
DW), anthocyanins (102.2 + 16.4 mg equivalents of cyanidin-3-
glucoside per g DW (mg CGE/g DW) and hydrolyzable tannins
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(139.63 * 4.25 mg tannic acid equivalents per g dry weight (mg
TAE/g DW) (Walid et al., 2012).

Other US pomegranate peel studies showed the highest total
phenols (20.24 % or 202.4 mg GAE/g DW), proanthocyanidins
(2.65 % or 26.5 mg TAE/g DW), and flavonoids (3.92 % or 39.2 mg
RE/g DW) in an extract prepared by ethyl acetate extraction
(Wang et al., 2011).

The authors from Spain reported total polyphenols content of
54.84 mg per acid equivalents/g sample, the flavonoids content
of 42.36 mg per rutin equivalent /g sample, and the hydrolyzed
tannins content of 21.25 mg per catechin equivalent/g of pomegra-
nate peel sample (Viuda-Martos et al., 2013).

The pomegranate peel contains a large number of phenols
including flavonoids (anthocyanins, catechins, and other com-
plexed flavonoids) and hydrolyzable tannins (punicalin, peduncu-
lagin, punicalagin, gallic acid and ellagic acid). Other
phytochemicals identified from the pomegranate are organic and
phenolic acids. The following article provides a comprehensive
review of the scientific literature on the major active phenolic
compounds in the peel of pomegranate cultivars grown in different
countries, which have been identified and quantified by advances
in separation and spectrometry (Smaoui et al., 2019).

As indicated in Table 2, a number of other studies have shown
that the major antioxidant compounds of pomegranate peel are
unique to this plant.

Table 2
Main antioxidant compounds of pomegranate peel, unique for this plant.
Punicalagin Gallic acid Ellagic acid p-coumaric acid  Caffeic acid Catechin Refe-rence
*Punicalin *Quercetin
1243 % not defined 275% not defined not defined not defined (Vishal et al., 2011)
*18.5%
not defined not defined 11-12 mg/100 g not defined not defined 27.7-50 mg/100 g  (Zaki et al., 2015)
1082.97 m/z not defined 300.80 m/z not defined not defined not defined (Septilveda et al., 2018)
*780.99 m/z
85 % (w/w) of total tannins not defined 1.3 % (w/w) of total  not defined not defined not defined (Seeram et al., 2005)
tannins
86 mg/g 11.1 mg/g 240 mg/g 5.8 mg/g not defined 12 mg/g (Marra et al., 2022)
*3 mg/g
138.8-143.64 mg/g dry matter not defined not defined not defined not defined not defined (Kaderides et al., 2019)
16.67 mg/g not defined 0.15 mg/g not defined not defined not defined (Beatriz et al., 2016)
(ot + B) varied 128.02- 0.051 mg/g 10.12-22.53 mg/g not defined not defined not defined (Kazemi et al., 2016)
146.61 mg/g
541 m/z 169 m/z 301 m/z 163 m/z 197 m/z 289 m/z (Ambigaipalan et al.,
2016)
28,03-104,14 mg/g 10-73 pglg 1580-4514 pg/g not defined not defined 115-613 pg/g (Man et al., 2022)
*203-840 pglg *8.81-86.11 pg/g
not defined 30.4 mg/g 148.9 mg/g 5.6 mg/g 21.4 mg/g not defined (Dikmen et al., 2011)
4.05 + 0.26 % w/w not defined 0.63 £ 0.04 % wjw not defined not defined not defined (Laosirisathian et al.,
2020)
4792.3-6894.8 mg/100 g (FW) - (HT) 3.8-5.2 mg/ 18.9-21.4 mg/ 110.7-125.6 (Pande and Akoh, 2009
Hydrolyzable tannins (HT) include gallotannins, ellagic acid derivatives, 100 g (FW) 100 g (FW) *92.7-91.1 mg/ Oct 28)
and gallagyl tannins, which comprise mainly punicalagin isomers and 100 g FW
punicalin.
not defined not defined 7.06 % —13.63 % w/  not defined not defined not defined (Pharkphoom et al.,
w 2010)
56.78 5.52 mg/g DW 20.93 mg/g DW not defined not defined not defined (Stojanovic et al., 2017)
*200.02 mg/g DW
not defined 124.1 £ 16.5 mg/ 347129 39+1,7 14.7 £ 10.8 *1.9+0.5 (Mansour et al., 2013)
100 g DW mg/100 g DW mg/100 g DW mg/100 g DW
mg/100 g DW
98.020 mg/g 2.5 mg/g 12.561 mg/g 0.086 mg/g 0.458 mg/g 3.275 (El-hadary and
*0,215 mg/g Hassanien, 2019)
(o + B) varied 40.09  2.70- 32.62 = 1.36 mg/l 98.13 + 5.45 mg/l not defined not defined not defined (Qu et al,, 2012 Jun 1)
43,18 + 4.62 mg/l
65.38 2.53 mg/100 mg 2.93 mg/100 mg not defined 0.03 mg/100 mg 12.66 mg/100 g (Song et al., 2016 Jul)
mg/100 mg
(o0 + B) varied 5.4 + 0.8- not defined 3.7£0.2- not defined not defined not defined (Rosas-Burgos et al.,
231.18 + 20 mg/g 14.7 + 0.1 mg/g 2017 Feb)
not defined 52.3+0.1 mg/100g not defined not defined 22.2 +0.3 mg/ 76.5 + 0.4 mg/ (Singh et al., 2016 Nov)
100 g 100 g
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As shown by the authors of the paper (Lampakis et al., 2021),
the main phytochemical component classes identified so far in
pomegranate peels are phenolic acids (ellagic acid and gallic acid),
flavonoids (quercetin, cyanide and complex substances) and
hydrolyzable tannins (punicalin and other complex substances).
Other authors point out that the main phenolic compounds of
pomegranate fruit with high antioxidant activity reported in the
literature are flavonoids (anthocyanins such as pelargonidin,
delfinidin, cyanidin as well as their derivatives and anthoxanthins
such as catechin, epicatechin and quercetin), tannins (ellagitannins
and ellagic acid derivatives such as punicalagin, punicalin and
pedunculagin) and phenolic acids (such as chlorogenic, caffeic, syr-
ingic, synaptic, p-coumaric, ferulic, ellagic, gallic and cinnamic
acids) (Shaygannia et al., 2016; Singh et al., 2018; Wu and Tian,
2017; Poyrazoglu et al., 2002). The data in Table 2 confirm the
authors’ data.

Many studies have reported the role and importance of pome-
granate peel polyphenolic compounds, including flavonoids, as a
rich source of natural antioxidants in various biological systems.
The use of components of pomegranate fruit, including the peel,
as natural supplements to fortify source products (yoghurt, meat
products) has been reported. Synthetic antioxidants should be
increasingly restricted because of their undesirable effects
(Viuda-Martos et al., 2010; Kakkar et al., 2021; El-Said Marwa
et al.,, 2014; Hassan et al., 2017; Das et al., 2021).

For example, one study suggests that functional ice cream forti-
fied with punicalagins from pomegranate peels may provide
antioxidant and thus health benefits to consumers (Cam et al,,
2013). In this context, some studies support the benefits of breads
enriched with fiber and antioxidant substances from pomegranate
peels for a healthy and nutritious diet (Sayed-Ahmed, 2014;
Sulieman Abdel Moneim et al., 2016). Greek authors describe
examples of possible applications of bioactive compounds from
pomegranate fruit byproducts, including the peels, and for obtain-
ing various types of food products with satisfactory results (dairy
products, films and packaging coatings, meat and fish products,
cereals and nuts (Kandylis and Evangelos, 2020).

Research into the possibility of enriching fruit juices with
pomegranate peel extracts (PPE) occupies a special place. PPEs
are a rich source of antioxidant compounds for the preparation of
functional fruit juice- based beverages with antioxidant and anti-
inflammatory activity. Thus, the authors note that commercial
guava juices fortified with pomegranate peel extracts exhibited
increased levels of antioxidant activity and did not degrade sensory
performance (Barros et al., 2014). However, another work shows
that the added amount must be limited to 0.5 % due to the astrin-
gent odour of pomegranate peels. Although the addition of pome-
granate peel powder increases the antioxidant activity of fortified
tomato and orange juices (Mastrodi et al., 2012).

Enrichment of carrot juice with PPE leads to stable color of the
product and improvement of its bioactive properties. Moreover, all
physicochemical parameters of the fortified juice were stable dur-
ing 28 days of storage (Trigo et al., 2020). The authors emphasize
the importance of balancing pomegranate peel extract (0.5 and
1.0 g PPE per 100 mL) in apple juice fortification to avoid toxicity
and sensory quality deterioration (Altunkaya et al., 2013). Other
authors point out that pomegranate peels have a bactericidal effect
against some pathogenic bacteria and can be used as preservatives
and stabilizers for proper food storage (Qin et al., 2013; Akhtar
et al.,, 2015; Al-Zoreky, 2009).

Developing technologies to extract high-value compounds,
including polyphenols, from pomegranate peels and other agroin-
dustrial wastes will enable the expansion of food and health appli-
cations into other areas: Development of edible films, biomaterials,
carbon dots, microbial media, biochar and biosorbents, hydrogen
production, water treatment, and boiler fuel (Lucarini et al.,
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2021). Liu Hui-Min et al (Liu et al., 2021) have recently shown that
fermentation of pomegranate peels with lactobacilli releases
polyphenols such as ellagic acid more efficiently than extraction
with water. The outstanding antioxidant abilities and protective
effect against H,0, -induced oxidative damage of fermented plant
sources could promote their use as a functional raw material for
cosmetics.

Antioxidants of fruit extracts including pomegranates peels tan-
nic acids is reported to be effective against S. Typhimurium, S. Enter-
itidis, E. coli and S. aureus, and have biomedical and
biotechnological applications including medicine, food, animal
feed, cosmetic substances, and pharmaceuticals (Suriyaprom
et al., 2022).

In conclusion, due to the versatility, high nutritional value and
antioxidant activity of pomegranate peels, many industries are
interested in the special benefits and new opportunities of using
pomegranate peels as a promising raw material for the develop-
ment of various products with antioxidant function.

5. Antioxidant and therapeutic effects of pomegranate peel
extract

Obviously, the body receives exogenous antioxidants from food
that absorb free radicals such as peroxide, hydroperoxide or lipid
peroxide and inhibit oxidative mechanisms. In other words, the
above bioactive compounds have various biological properties,
such as anti-cancer, anti-inflammatory, antioxidant, antibacterial,
antimicrobial, antiviral, anti-obesity, anti-depression, prevention
and treatment of diabetes and cataracts, and also have effects on
the immune system (Shaygannia et al., 2015; Sayago-Ayerdi
et al.,, 2021; Abigail et al., 2016).

Antioxidants are compounds that inhibit or suppress free radi-
cal reactions and delay or suppress cellular damage. Although the
mechanism of antioxidant protection varies from compound to
compound, the existence of antioxidant protection itself is univer-
sal. The body and living cells have evolved several mechanisms for
protection against reactive oxygen species, including an enzymatic
one involving enzymes and non-enzymatic forms using antioxi-
dant compounds (Irina and Mohamed, 2012; Sharma, 2014). Free
radicals are constantly generated by living cells and reactions
involving them. They are the main cause of many human diseases
as well as aging in general. Adverse effects occur with an excess of
free radicals when a phenomenon called oxidative stress occurs in
the body (Hidekazu et al., 2012).

Therefore, plant phenolic compounds as antioxidants are
becoming increasingly popular practices to maintain optimal body
function and can be called “the seventh major nutrient” (Kurutas,
2016; Lv et al., 2021; Mo et al., 2022 Jun). Some authors claim that
the metabolites of ellagitannin geranium, chlorogenic acid, and
epigallocatechin gallate have stronger antioxidant activity than
their respective parent compounds. Therefore, these metabolites
are believed to play an important role in the prevention of oxida-
tive stress-related diseases by acting as biological antioxidants
after the consumption of functional polyphenols (Adwas et al.,
2019).

According to the authors, the mechanisms of antioxidant effects
on redox processes in the human body are

1) blocking the formation of free radicals.

2) elimination of oxidants.

3) transformation of toxic free radicals into less toxic
substances.

4) blocking the production of moderately toxic metabolites and
inflammatory mediators.

5) blocking the growth of secondary oxidant chains.
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Fig. 3. Antioxidant and therapeutic effects of pomegranate peel extract.

6) repair of damaged molecules.
7) Initiation and enhancement of the body’s antioxidant
defense system.

All of these defense mechanisms work together to protect the
body from oxidative stress (Nimse and Dilipkumar, 2015).

Thus, the protective effect of flavonoids is due to several mech-
anisms, such as free radical scavenging, enzyme inhibition, and
metal ion chelation.

In this context, several works show antioxidant and therapeutic
effects of pomegranate peel extract (Fig. 3), which may be due to
the high content of polyphenols in this product. Thus, the data of
the work indicate that the ethanol extract of pomegranate peel is
a potent nephropreventive agent. And the mechanism of action
of PPE, in their opinion, is the induction of various antioxidant
and phase-forming enzymes II and the purification of reactive oxy-
gen species (Ahmed and Ali, 2010).

The following work shows that PPE protects the liver and kid-
neys by inhibiting oxidative stress induced by toxic aluminum,
stimulating antioxidant activity, and increasing the level of anti-
apoptotic protein (Moneim et al., 2013). According to (Wu et al.,
2019), pomegranate peel extract can be used as a therapeutic
and immunoregulatory agent because it has high antioxidant activ-
ity in vivo.

Researchers from China studied the antioxidant activity of key
pomegranate peel extracts such as ellagic acid, punicalin, and puni-
calagin in vitro and investigated their ability to scavenge free rad-
icals, prevent fat oxidation, and their antioxidant activity in vivo
under oxidative stress. According to the authors’ report, ellagic acid
is more efficient in protecting the body from oxidative stress
in vivo compared to punicalin and punicalagin (Sun et al., 2017).

The authors from Tunisia point out that pomegranate peel
added to the diet provides strong protection against barium-
induced oxidative stress in red blood cells. Pomegranate peel
extract reduces toxicity by scavenging free radicals and preventing
DNA damage (Elwej et al., 2016).

Authors from Egypt emphasise the inhibitory effect of green tea
and pomegranate peel extracts on the bacterium Streptococcus
mutans and the reduction of its adherence to the tooth surface of
orthodontic patients (Abd-El-Aziz and Sallam, 2020). Other articles

(Eliana Harue Endo, 2012; Noory et al., 2020; Seeram et al., 2005)
present published results on various aspects of of pomegranate
peel polyphenols focusing on its medicinal properties. Pomegra-
nate peel polyphenols help to treat oral infections caused by C. albi-
cans, reduce profen oxidative stress and improvement liver and
kidney functions, as well as exhibit antiproliferative, apoptotic
and antioxidant activities.

Several studies have been performed to evaluate a beneficial
effect of and selected medicinal plants polyphenols against bacte-
rial agents associated with bovine mastitis or Eimeria infection in
chickens (Raheema, 2016; Amber et al., 2017; Freitas et al., 2019;
Khorrami et al., 2022 Mar; Yang et al., 2022 Oct; Matsumoto
et al., 2015). Pomegranate peel represents an important therapeu-
tic potential, not only for human health but also for animals.

Thus, the results of the reviewed works allow us to consider the
mechanisms of influence of the plant-based antioxidants, including
polyphenolic compounds of pomegranate peel, on the redox pro-
cesses in the human body, for the prevention and treatment of var-
ious diseases.

6. Conclusions and future perspectives

The search for new sources of polyphenolic compounds from
plant raw materials capable of maintaining the balance of redox
processes in the human body, the so-called antioxidant status of
the body, is an urgent direction of scientific research in the field
of biotechnology. Particular attention is being paid to secondary
foods as inexpensive and natural sources of antioxidants, which
include the byproducts of pomegranate fruit, such as the peel.

Compared to other parts of the fruit, pomegranate peel contains
significant amounts of polyphenolic compounds such as hydrolyz-
able tannins (punicalin, punicalagin, ellagic acid, and gallic acid),
flavonoids (anthocyanins and catechins), and other substances that
contribute to the high antioxidant activity of pomegranate peel.

However, important aspects such as bioavailability, absorption,
metabolism, biotransformation, and pharmacokinetics of pome-
granate peel polyphenolic compounds are not well understood.
Also, extensive clinical experiments are needed to prove the pre-
ventive and therapeutic potential of pomegranate peel.
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At the same time, the lack of scientific information should not
hinder further research in this direction. As pomegranate peels
have demonstrated their potential as promising bioactive antioxi-
dants, they may be a potential source of functional food ingredi-
ents and nutraceuticals that can be used in various areas of
biotechnology and other industries.
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