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Abstract Papaya, scientifically known as Carica papaya or Carica Papaya Linn is the only edible member of the
Caricaceae family. Papaya is a large herbaceous plant exploited for its biological activities. Papaya's wide range of
uses and activities are attributed to its abundance of enzymes, minerals, nutrients, and phyto-constituents. Its
applications range from adding it to one's diet regularly to treating minor illnesses and even serious conditions like
cancer. All of the papaya plant's parts; bark, flowers, fruit, latex, leaves, peel, roots, seeds, and stem have therapeutic
and medical uses. The use of papaya as a food and traditional medicine is as old as mankind. Presently, to overcome
antibiotic-resistant microbes, C. papaya is a natural source with far more advantages. C. papaya plant is used in
commercial, industrial, medicinal, and therapeutic applications owing mainly to its anti-inflammatory, antioxidant,
and anti-microbial properties. This review aims to provide a concise review of the applications of C. papaya.
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Introduction

Fruits are a necessary part of an individual’s daily
diet, not only they are good in taste and nutrition but
they also confer numerous other health and nutrition
advantages. C. papaya is one of the most beneficial
fruits, regarding its nutritional value as well as its
therapeutic and medical uses (Sharma et al., 2020).
For ages, papaya has been used as a culinary
ingredient as well as for traditional medicine in many
cultures across the world. In most countries, Papaya is
grown as a food-crop (Nafiu et al., 2019). All the parts
of the papaya plant including bark, blooms, flowers,
fruit, latex, leaves, peel, roots, seeds, squash, and stem
have medicinal and therapeutic benefits (Ikram et al.,
2015). Despite being grown as a food-crop, it is used
for numerous biological and commercial applications
such as; (1) industrial, (2) nutritional, and (3)
medicinal and therapeutic (Niklas & Marler, 2007).
Industrial applications of C. papaya include the
production of processed foods which can later be sold
for commercial benefits such as jams and pickles, the
use of papaya in cosmetic products such as creams
and ointments for reducing acne and blemishes, and
lastly for the production of alcohol. Moreover, papaya
can be used as a dietary additive for animal feed or a
supplement for humans. These benefits conferred by
C. papaya are attributed to the large number of
enzymes, nutrients, vitamins, minerals, and
phytoconstituents that are present in it (Alara et al.,
2020). The papaya plant parts possess different

bioactive compounds in each of its parts including
alkaloids, carotenoids, flavonoids, and vitamins, all of
which confer exceptional therapeutic advantages
(Gayosso-Garcia Sancho et al., 2010; Fabi et al.,
2012; Abdullah et al., 2023; Din et al., 2023; Hamid
etal., 2023). Medicinal and therapeutic uses of papaya
include its use as an abortifacient, antibacterial,
antifungal, anti-diabetic, anti-inflammatory,
antifertility, anthelmintic, antihypertensive, anti-
protozoan, antitumor, and antiviral agent. Among the
most notable applications of C. papaya is its anti-
inflammatory and anti-oxidant property which allows
it to be used for a range of purposes including the
treatment of fatal diseases such as cancer, as well as
neurodegenerative diseases, diabetes, and skin aging
(Srivastava & Singh, 2015; Anitha et al., 2018; Bashir
et al.,2022; Sami et al., 2023). Furthermore, C.
papaya also exhibits immunomodulatory properties
which are especially useful in the treatment of
diseases that suppress the human immune system
(Anjana et al., 2018).

Anatomy and morphology

The papaya plant is usually a herbaceous, laticiferous,
single-stemmed, semi-woody perennial, large plant
with a rapid, unpredictable growth rate. It grows up to
10m (20-30 feet) in height and is not very woody in
texture, lacking a proper bark (Nafiu et al., 2019). The
colors of papaya stems range from light green to tan-
brown, which are hollow (Adiaha & Adiaha, 2017).
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Despite its semi-woody nature and no proper bark, it
is usually considered a tree (Jiménezet al., 2007).
Leaves: The leaves crowning the papaya plant are
extremely large, sometimes measuring up to more
than 60 cm (2-2.5 feet), palmately lobed (5-9 lobes)
with deep incisions and complete margins. They are
subtended by hollow petioles which are about (30-150
cm) 1-3 feet in length, and their stems are light green
to tan brown, having a diameter of approximately 20
cm (Posse et al., 2009; Leal-Costa et al., 2010;
Aravind et al., 2013). The leaves are hypo-stomatic
containing stomata with either no subsidiary cells
(anomocytic) or asymmetric guard cells (anisocytic).
The cellular composition of the papaya leaves consists
of single layers of epidermis and palisade parenchyma
and four to six layers of spongy mesophyll tissue
(Carneiro & Cruz, 2009).

Flower: Reproductively, the flowers of papaya plants
naturally are monoecious (true hermaphrodite),
dioecious (containing male and female organs on
separate  plants), or  gynodioecious  (with
hermaphrodite and female organs) (Ming et al., 2007;
Nafiu et al., 2019). However, occasionally papaya
plants may also be “trioecious” meaning that the male,
female, and hermaphroditic flowers are present on
separate plants (Niklas & Marler, 2007; Yogiraj et al.,
2014). The flowers occur in small groups of three,
known as cymes or solitarily. Both hermaphroditic
and female flowers have waxy petals of ivory-white
color attached to short peduncles on leaf axils, along
the main stem. The flowers measure 0.10-0.30m in
diameter and 0.15-0.45m in length (Aravind et al.,
2013). In terms of shape and structure, papaya flowers
fall under six different categories including (1) typical
female, (2) typical male, (3) hermaphrodite elongated,
(4) hermaphrodite immediate and (5) hermaphrodite
sterile (Alara et al., 2020). The hermaphroditic
flowers consist of both the female reproductive organs
(ovaries) and the male reproductive organs (pollen
sac), they are self-pollinating and produce the best
fruits; thus, they are chosen over male or female plants
for cultivation. Female flowers usually have a conical
top and a rounded base. They have a conical
appearance while closed, and five petals grow out
from the circular base when they open. Another type
of female flower has five petals with five anthers
corresponding to each petal (Anitha et al., 2018).
Plants with smaller flowers attached to longer stalks
are generally regarded as male papaya plants. They
possess a long, thin corolla composed of anthers in
two sets of five, where the series are different in
length, one short and one long (Adiaha & Adiaha,
2017).

Fruit: Papaya fruits are large and oval, with salmon-
colored (pink-orange) flesh encircling a central seed
hole matching that of melons. The only portion of the

fruit that can be eaten is the meat (Panzarini et al.,
2014). Though they can sometimes show up in little
groups, the fruits are usually affixed to the main stem
separately. The weight of each papaya fruit ranges
from 0.2 to 9 kg (0.5 to 20 pounds), and as it ripens,
its colour changes from green to yellow to red-orange
(Aravind et al., 2013). The melon-like fruit can be
pyriform, obovoid, globose, or ovoid in shape. The
fruit's typical dimensions are 0.15 to 0.50 m in length
and 0.10 to 0.20 m in thickness (Crane, 2005; Anitha
et al., 2018).

Species of papaya

C. papaya from the small angiosperm family, namely
Caricaceae consisting of 6 genera and 43 species, all
of which can be found listed on the Plant List
(http://www.theplantlist.org), among these species the
most commonly cultivated and economically
important is C. papaya and the only species to grow
fruits on its tree (Evans & Ballen, 2012; Carvalho &
Renner, 2015; Basalingappaet al., 2018). The species
are listed in table 1.

Karyotype and sex expression

The genomic studies of C. papaya have revealed that
the fruit possesses a total of 18 chromosomes (2n =
18), an experiment conducted by Hague in 2004 led
to the conclusion that regardless of the sex of the
plant, the general cytological condition of the plant
has a total of 18 chromosomes (Haque, 2004; Somsri
& Bussabakornkul, 2008’ Aratjo & Carvalho 2010;
Rockinger et al., 2016). The sex determination
genomics system has revealed that C. papaya exists in
three sex forms; male, female, and hermaphrodite.
Several studies have demonstrated that the XY
chromosome system specifies the sex of C. papaya,
just like it does for many other organisms. Inverted
repeats, transposable elements, and nucleotide
modifications in the small non-recombinant region
and autosomal chromosome sections between the X
and Y chromosomes are also thought to have
influenced the development of the X and Y
chromosomes (Liu et al., 2004). The expression of the
male (XY) and hermaphrodite (XYu) types is
controlled by a tiny specific region and always occurs
in the heterozygous form. On the other hand, all-
female plants occur as XX forms (Ming et al., 2007).
Cultivation, origin and global distribution

The exact origin of C. papaya is rather obscure and
not exactly known, though it is known to be cultivated
in tropical and sub-tropical regions. Various places of
origin of the papaya fruit are mentioned in texts; the
earliest evidence of the existence of C. papaya dates
back to 1525, when papaya seeds were found in the
Dominican Republic and Panama. It was then that the
cultivation of papaya spread to central and tropical
America in regions like Bahamas, Bermuda, and
southern Mexico (Morton, 1987). In the 1950s, C.
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papaya was introduced into Miami, New York Santa
Marta (Colombia), and Puerto Rico. In 1959, an
Italian entrepreneur known as Albert Santo brought
papaya to Cuba. It is also believed that the Spanish
might have carried the papaya seed to Malacca and the
Philippines, which then became the cause of their
spread to India and the Kingdom of Naples in 1626.
Later, C. papaya was introduced as a plantation crop
across all the tropical and subtropical regions of the
world (Nakasone & Paull, 1998).

Presently, papaya is cultivated commercially and for
personal use all around the world including countries
such as Australia, Ceylon, India, Hawaii, Malaya,
Philippines, and tropical Africa. The currently present
variety of papaya is thought to be the fusion of two or
more different varieties of papaya that originally
belonged to central America and Mexico (Nafiu et al.,
2019). In Pakistan, varieties of papaya seeds are
sowed to establish nursery plants in March and
transplanting takes place in April. Regardless, the
fruit is available all year long (Zhou et al., 2000;
Singh et al., 2014).

Plant growth and habitat

C. papaya seeds germinated in well-drained, sandy,
loam soils under appropriate environmental
conditions including sufficient water, oxygen, light,
and appropriate humidity levels, pH, and temperature
(Adiaha & Adiaha, 2017). Appropriate conditions for
the ideal growth of C. papaya include; low rainfall of
around 32 inches (0.80 m) in summer and spring,
temperature between 21 and 32 °C (70-90 °F), and a
pH of 6.5-7.0 (Crane, 2005). Under tropical
conditions and proper manure, the papaya tree grows
very rapidly (Anitha et al., 2018). Adequate rainfall
required for papaya fruit growth is relatively lesser
than that of most other plants, requiring rainfall only
four times a month. In well-drained soils, the plant
needs to be watered on alternate days, while in loamy
soils watering the plant once in 3-4 days is sufficient
(Sara et al., 2015). C. papaya plants require an
environment packed with nutrients and minerals; the
macronutrients required include Potassium >
Nitrogen > Calcium > Phosphorus > Sulfur >
Magnesium and micronutrients include Chloride >
Iron > Manganese > Zinc > Boron > Copper >
Molybdenum (Jiménez et al., 2007). After plantation
under appropriate conditions, C. papaya plant takes
approximately 8-10 months before ripe fruits are
produced by the plant. However, in warm regions, the
same plant takes from 6-9 months for proper and
complete growth, while in temperate regions the
growth period ranges from 9-11 months. The papaya
plant is also able to survive in colder winters,
however, it may not produce fruits (Crane, 2005). The
emergence of the papaya plant from the seeds takes
about 2-3 weeks (Fisher, 1980). Papaya plants usually

grow speedily; they reach the juvenile phase, or
flowering stage, 3-8 months after seed germination
and are ready for harvest in 9—15 months (Paterson et
al., 2008).

Nutritional value and composition

Papaya plants can live for 20 years on average, but
because of their large height and disease
susceptibility, their commercial lifespan is just two to
three years (Alara et al., 2020). Once the tree
blossoms, it requires around 5-8 months before the
fruits on the plant are ripe and ready for harvesting
(Sara et al., 2015). The papaya plant grows flowers
and fruits all year long (Alara et al., 2020).

Table 1. Nutritional Value of 100g of C. papaya
Fruit

Components amount
Carbohydrates 9.81
Fat 1.80
Dietary fiber 0.14
Phosphorus 0.61
Sugars 5.90
Minerals

Calcium 24
Iron 0.10
Magnesium 10
Proteins 5
Potassium 257
Biomolecules 3 mg
Vitamins

Vitamin A 328
Vitamin B: (Thiamine)  0.04 mg
Vitamin Bs 0.05 mg
Vitamin Bz (Niacin) 0.338
Vitamin Bz (Riboflavin)  0.10
Vitamin Bg (Folate) 38
Others

Energy 163KJ

C. papaya is a fruit that is high in vitamins, minerals,
enzymes, and non-vitamin substances. High in
calcium, iron, potassium (including folate), niacin,
thiamine, vitamins A, C (ascorbic acid), and
riboflavin, it has a low-calorie count and a high
nutritional value. Alkaloids, sugars, flavonoids,
glycosides, saponins, steroids, terpenoids, and tannins
are also present in extracts of unripe C. papaya
(Aravind et al., 2013; Vij & Prashar, 2014).
Phytochemistry and phytoconstituents

The chemical composition varies depending on the
agricultural environment, cultivar, exposure to
sunlight, location, level of ripeness, and post-harvest
handling (Wall, 2006; Gayosso-Garcia Sancho et al.,
2011; Ikram et al., 2015). The fruit portion of C.
papaya comprises an endosperm, sarcotesta, seed
coat, an outer pericarp, and an inner pericarp (Table
2). Each of these regions contains different types of
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molecules and has a different chemical composition.
The endosperm mainly has oils and some protein
content, while the pericarps are rich in proteins. The
sarcostesta contains high amounts of ascorbic acid
(Adesuyi & Ipinmoroti, 2010; Syed et al., 2011; Saran
& Choudhary, 2013).

Table 2. Phytochemicals of C. papaya

Stage of Phytochemicals

Fruit

Unripe Enzymes: papain, glutamine

Fruit cyclotransferase, lysozymes, peptidase
A and B, chymopapain. Others:molic
acid

Ripe Acids: amino acids, caroxene, citric

Fruit acids

Alkaloids:  4-hydroxyl -phenyl-2-
ethyl-B-D glucoside, 2-phenylethl-p-
D-glucoside, benzyl-p-d glucoside,
carpaine, malonated  benzyl-p-D
glucosides, pseudocarpaine, isomeric
Carotenoids:a-carotene, y-carotene,
cryptoxanthin, violaxanthin,
zeaxanthin, lutein and lycopene, B-
carotene.
Flavonoids: kaempferol, myricetin,
quercetin
Monoterpenoids:
linalool, linalool oxidase
Volatile Compounds: cis and trans 2,
6-dimethyl-3,6 expoxy-7 octen-2-ol.
Linalool, benzylisothiocynate
As mentioned earlier, the chemical composition
changes with the stages of ripening of the fruit, and
the biochemical and physiological properties of the
fruit change with the growth and ripening stages. As
a result of these changes, the fruit loses its rigidness
and softens, which indicates ripening and makes the
fruit suitable for commercial and edible uses (Pereira
et al., 2009). C. papaya fruit contains carbohydrates,
fat, fiber, minerals, vitamins, citric acid, malic acid,
and a variety of commercially important compounds
The unripe fruit is especially rich in a variety of
phytochemicals and volatile compounds, such as
alkaloids, carbohydrates, flavonoids, glycosides,
saponins, steroids, and terpenoids, as well as a variety
of health-promoting bioactive compounds and
phytochemicals, including B-cryptoxanthin and
carotenoids (B-carotene and lycopene), Additionally,
papaya also contains several enzymes that confer
several health benefits (Corral-Aguayo et al., 2008;
Gayosso-Garcia Sancho et al., 2010; Fabi et al., 2012;
Aravind et al., 2013; Vij & Prashar, 2014; Fabi & Do
Prado, 2019).
Carotenoids
The color of the papaya fruit significantly changes
with its ripening and maturation; starts with a light-

4-terpineol,

green color and changes until it reaches an amber,
orange to red colorReduced synthesis of chlorophyll
and increased production of esterified carotenoids
(which embraces PB-carotene, B-cryptoxanthin, and
lycopene) are the biological causes of this colour shift.
Carotenoids rapidly integrate into the membranes and
build up more densely in the chromoplasts during
ripening, giving the fruit its orange-red colour
(Andersson et al., 2009; Yahia & Ornelas-Paz, 2010).
The coloration of the fruit is dependent upon the
varieties of carotenoids (lkram et al., 2015; Gayosso-
Garcia Sancho et al., 2017). B-carotene, and lycopene
are the main carotenoids found in C. papaya fruit;
lycopene alone accounts for 65% of the carotenoid
content of papayas (Marelli de Souza et al., 2008;
Gtilcin, 2012).

Known for their extraordinary antioxidant qualities,
carotenoids are lipophilic substances composed of
eight isoprenoid units. They are essential to human
health and nutrition because they efficiently capture
singlet oxygen molecules and neutralize radicals like
peroxyl (Al-Duais et al., 2009). Carotenoids are
unique because of their vast network of double-
conjugated bonds, which alternate between single and
double carbon-to-carbon bonds. A polyenic chain, a
resonance structure, stabilises these connections.
Because of this polyenic chain, also known as the
chromophore,  carotenoids can operate  as
photoreceptors, absorbing light and offering
scavenging and antioxidant qualities against reactive
oxygen species (ROS) (Yahia & Ornelas-Paz, 2010).
Structurally, carotenoids are divided into two major
groups; (1) carotenes, those which are linked
hydrocarbons, and (2) xanthophylls, those that
contain at least one or more oxygen molecules. These
carotenoids possess double bonds which allow them
to act as photoprotectors that in turn protect the lipid
membrane against peroxidation by quenching reactive
oxygen species (ROS) (Tanaka et al., 2008; Rivera-
Pastrana et al., 2010). The antioxidant capacities of
carotenoids are dependent upon and vary with the
structure of the carotenoids. Numerous investigations
have shown that distinct carotenoids have a range of
abilities, which are listed in the order: Zeaxanthin >
lutein > B-cryptoxanthin > a-carotene > -carotene >
lycopene (Gayosso-Garcia Sancho et al., 2013).
B-carotene

Because of its antioxidant qualities, p-carotene is
essential for photoprotection. But occasionally, its
purported prooxidant effects can outweigh this
protective function (Nimal et al., 2022). Certain
carotenoids behave similarly to provitamin A; they
are known to lower the chances of coronary heart
disease and cancer (Yahia & Ornelas-Paz, 2010).
lycopene
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as lycopene's presence in plasma and serum has been
inversely linked to the risk of cancer, it has gained a
lot of attention recently (Nimal et al., 2022).
Additionally, it is also known to quench singlet
oxygen and scavenge other free radicals (Mein et al.,
2008). Additionally, lycopene is a useful substance in
lowering the risk of obesity, osteoporosis,
cardiovascular disease, and cognitive decline.
Additionally, because bell peppers contain vitamin C
and B-carotene, they may help prevent cataracts (Stahl
and Sies, 2003).

PhenolicsPhenolic  compounds are  aromatic,
containing at least one or more aromatic rings with a
hydroxyl group that enables them to act against ROS
and mitigate oxidative stress. They are produced as a
result of secondary metabolism in plants (Wojdyto et
al., 2009). The phenolic compound content has been
studied in several varieties and stages of papayas and
it has been found that the most ripened papaya
contains the lowest of phenolic compounds
(Mahattanatawee et al., 2006; Corral-Aguayo et al.,
2008). Compounds of phenolic may or may not act as
antioxidants, depending on their structure. It is
assumed that the antioxidant capabilities of phenolic
compounds depend upon the number of hydroxyl
groups present in their structure (Wang et al., 2008).
Moreover, phenols are also crucial in determining the
color and taste of C. papaya fruit. (Al-Duais, 2009;
Gorinsteinetal.,2009.Fruits and vegetables contain va
rying levels of phenolic compounds, which are essen
tial in protecting against oxidative stress caused by R
OS and free radicals. Phenolic compounds confer
health benefits in more than one way; they are capable
of preventing oxidative damage caused by ROS and
oxygen free radicals which in turn prevent several
disorders (Valko et al., 2007). Various studies have
also demonstrated that the consumption of foods rich
in phenolic acids is inversely proportional to the
incidence of wvarious diseases (Gayosso-Garcia
Sanchoet al., 2017).

Saponified papaya extracts mostly contain
hydroxycinnamic acid sugar derivatives as phenolic
compounds, but non-saponified extracts only contain
trace levels of acylated versions of these compounds.
Phenolic acids found in C. papaya include caffeic
acids, ferulic acids, and p-coumaric acids (Rivera-
Pastrana et al., 2010; Gayosso-Garcia Sancho et al.,
2011). Phenolic compounds protect the plant from
damage caused by UV-radiations and possess
anticarcinogenic, antimutagenic, and antiradical
properties (Hounsome et al., 2008; Cantin et al.,
2009). Many studies have proved the anticarcinogenic
mechanisms carried out by phenolic compounds by
stimulating the production and cytoprotective effect
of various enzymes (Gayosso-Garcia Sancho et al.,
2017).

Caffeic acid

Caffeic acid, a key component of several fruits,
vegetables, and coffee usually occur in and esterified
form, in combination with quinic acid known as
chlorogenic acidStrong antioxidants with notable
anti-inflammatory qualities are caffeic acid and its
derivatives, including octyl caffeate and caffeic acid
phenethyl ester (CAPE) (Da Cunha et al., 2004).
Herein, among natural compounds we focused on
caffeic acid (CA), the major representative of
hydroxycinnamic acids and phenolic acid, produced
through the secondary metabolism of several
vegetables, including olives, coffee beans, fruits,
potatoes, carrots and propolis. It is usually found as
various simple derivatives such as glycosides, amides,
esters and sugar esters (Reddy et al., 2010; Alam et
al., 2022). Several studies have been performed to
investigate the total antioxidant capacity (TAC) of
caffeic acid, its TAC is dependent upon its structure,
the number of hydroxyl groups and its concentration
in the fruit (Jaikang & Chaiyasut, 2010; Gayosso-
Garcia Sancho et al.., 2013)

Ferulic acids

Ferulic acids are found in conjugation with
glycoproteins  and insoluble carbohydrate
biopolymers anchored to the cell membranes. Among
the benefits of ferulic acids are their anti-
inflammatory and anti-oxidant effects. By inhibiting
choline acetyltransferase's enzymatic activity by
electron donation from the 3-methoxy and 4-hydroxyl
groups on the benzene ring, the anti-inflammatory
action is accomplished (Itagaki et al., 2009).
P-coumaric acid

P-coumaric acid, another phenolic compound forms
as an intermediate during phenylpropanoid synthesis;
it has conferred several benefits such as antioxidant
activity, the ability to reduce cholesterol levels and
prevent atherosclerosis. It has also been shown that a
regular oral intake of 370mg p-coumaric acid for 30
days significantly reduced cholesterol levels by
preventing the oxidation of low-density lipids (LDL),
without interfering with the levels of high-density
lipids (HDL). The mechanism of action of p-coumaric
acid depends upon its ability to remove ROS and exert
antioxidant effects (Rodriguez et al., 2022).

vitamin C

Vitamin C also known as ascorbic acid has been
known for ages for its exceptional antioxidant
properties and its role in mitigating oxidative stress. It
is found in several fruits, vegetables, and other foods
and demonstrates high  sensitivity  towards
environmental conditions and factors (Comunian et
al., 2020). By nature, vitamin C is a hydrosoluble
antioxidant capable of trapping hydroxyl and
superoxide radicals. Furthermore, it plays a part in the
production of collagen (Odriozola-Serrano et al.,
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2008). An intake of 200-250mg of vitamin C or
ascorbic acid can significantly reduce oxidative stress
and damage (Tariq, 2007). In C. papaya fruit, vitamin
C is found in both the skin and the pulp; it occurs
either as L-ascorbic acid or as isoascorbic acid. The
vitamin C content increases with the stage of ripeness
of the fruit (Gayosso-Garcia Sancho et al., 2011).
Cultural and traditional uses

C. papaya is a common edible fruit used by several
cultures (Table 3) and nations for a variety of

purposes (Nayak et al., 2007; Anuar et al., 2008). In
most Asian countries, C. papaya is used in the
production of processed foods such as cocktails,
canned and sugar-coated in syrups, ice-creams, jams,
and soft drinks (Ezike et al., 2009). In other countries,
papaya is also used to make pickles, salads, sweetmeat
and is commonly eaten with rice (Table 4) (Ikram et
al., 2015).

Table 3. Traditional uses of C. papaya fruit in various countries.

Country Uses of Papaya References

Africa

Gambia Tropical pastes for treating burns Ikram et al.,2015

Nigeria Used in the management of diabetes mellitus. Abo et al., 2008

Asia

India Consumed in the form of spinach to treat asthma, beriberi, colic, Krishna et al., 2008;

malaria, stomach disorders, urinary tract infections (UTIs), skin = Yogiraj etal., 2015; Nariya
burns, another skin disease, to remove snake bite poisons, and to = & Jhala, 2017

combat obesity.

Indonesia As a birth control, To prevent menstrual bleeding and uterine Kapoor, 2009; Hainida et
contractions post-delivery. al., 2015

Japan Used to prevent and treat degenerative diseases (aging, cirrhosis, Aruoma et al., 2010
diabetes, and thalassemia.

Malaysia To treat corns, epithelioma, warts, skin diseases, and ulcers of the Kapoor & Saraf, 2011;
mouth, tongue, and throat. Other uses include the removal of acne Lim, 2012; Alara et al.,
and blemishes. 2020

Pakistan Mainly leaves are used for treating conditions such as dengue fever. Ahmad et al, 2011;

Philippines = To treat corn, epithelioma, warts, skin diseases.

Siddique et al., 2014
Kapoor & Saraf, 2011;
Lim, 2012;

Table 4. Common Uses of C. papaya

Uses of C. papaya

References

Unripe Papaya

Abortifacent, antibacterial activity, diuretic, laxative, mouth ulcers pimples,

prophylactic, skin inflammation, mouth ulcer
Ripe Papaya

Amenorrhoea, anthelmintic, antihepatotoxic, antibacterial, anti-sickling,
antioxidant, anti-inflammatory, bleeding piles, carminative diuretic, chronic

Vij & Prashar, 2014; Anjana et
al., 2018; Nafiu et al., 2019

Krishna et al., 2008; Mojisola et
al., 2008, Ocloo et al., 2012;

diarrhea, clogging farts, constipation, digestive dysentery, dyspepsia, enhances = Aravind et al., 2013; Nafiu &
hunger, expectorant, relieves obesity, ring worms, round worms, sedative, skin =~ Rahman, 2015

disease psoriasis, tonic, UTIs, wounds of the urinary tract

Medicinal and therapeutic properties
Anthelmintic activity

Helminthiasis is a disease where an organ in the body
becomes infested with worms like pinworms,
roundworms, or tapeworms. These worms usually
inhibit the gastrointestinal tract (GIT) or the liver in
some cases and cause adverse effects on human host
health by depriving them of blood, food, and by the
secretion of toxins. C. papaya effectively acts against
parasites and parasitic worms (Dwivedi et al., 2011;
Shrivastava & Singh, 2015). In recent years, latex,
seeds, and other parts of papaya have been used for
the removal of parasitic worms from the GIT. Most

research related to the anthelmintic effect of C.
papaya has been carried out on the Indian earthworm
(Pheretima posthuman) since it is easily available and
closely resembles other parasitic worms. The use od
papaya extract alongside honey is also very effective
as an anthelmintic treatment (Ortega, 2011; Kanthal,
2012).

Anti-diabetic property

The use of C. papaya has been a traditional use for
ages. More recently, scientific reports of animal
models have also supported the antidiabetic effects of
C. papaya; it lowers blood sugar levels
(hyperglycemia), proposing regenerative capacity
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(Gbolade, 2009; Sasidharan et al., 2011; Juarez-Rojop
et al., 2012; Maniyar & Bhixavatimath, 2012).
Further studies on diabetic animal models have also
shown that papaya extracts can restore basal insulin
levels, this ability is attributed to beta cell
regeneration. Additionally, it has also been shown that
C. papaya may also affect anti-glucosidase activity
(Loh & Hadira, 2011; Oboh et al., 2014). Studies on
humans have also assessed C. papaya's antidiabetic
potential, and it has been determined that this
potential stems from its hypoglycemic effect
(Somanah et al., 2012).

Anti-diarrheal activity

Chloroform extracts from raw C. papaya fruits
combined with acetone extract from ripe C. papaya
fruits are proven to be effective anti-diarrheal agents
as they possess antimicrobial activity against gut
pathogens, Plesiomonas shigelloides in particular
(Prabhu et al., 2017). Other parts of C. papaya used
for the treatment of diarrhea include aqueous leaf and
root extracts (Akindele et al., 2011; Zanna et al.,
2017).

Anti-hypertensive property

Only a small number of scientific investigations have
demonstrated C. papaya's antihypertensive ability;
evidence indicates that intravenous (1V) injection of
C. papaya reduces mean arterial pressure in renal and
deoxycorticosterone acetate-induced hypertension in
animal models (Santana et al., 2019). Other studies
have also suggested that the antihypertensive effect of
papaya is exerted via adrenoceptor antagonism (Brasil
etal., 2014).

Anti-fertility activity

C. papaya causes infertility in both males and
females, however, the effect on females is far more
severe and if consumed by pregnant females, it may
lead to abortion. Experiments have been carried out
on pregnant rodents with each part of the plant and it
has been shown that the unripe fruit interferes with the
estrous cycles in pregnant rodents and removes the
instigated fetus (Memudu & Oluwole, 2022). When
consumed by males, it causes infertility, and in
pregnant females, C. papaya acts as pessary to
increase blood flow in the pelvic region to induce
abortion (Krishna et al., 2008; Yogiraj et al., 2015
Hainida et al., 2015). However, ripe papaya fruit does
not pose any significant dangers during pregnancy,
the unripe contains latex which causes uterine
contractions (Budama-Kilincet al., 2018).
Anti-inflammatory property

Inflammation, which is associated with pain, redness,
and swelling brought on by the release of
prostaglandin mediators, is one of the body's most
natural defense mechanisms against infections (Chen
et al., 2017). The pathophysiology of inflammation is
initiated by tissue injury, followed by antigen-

presenting cells (APCs) and macrophage activation.
Vascular events, or repercussions in the
microvasculature, usually happen minutes after tissue
damage or microbial infection, especially when other
inflammatory stimuli are present. The ROS are
produced to eliminate invaders, consequently, ROS
also causes the activation of nuclear factor kappa-B
(NF-kB) which induces the inducible enzyme iNOS
and thus the production of NO. Excessive ROS-
upregulated prostaglandin (PGE2) promotes the
expression of cyclooxygenase-2 (COX-2) and
worsens inflammation (Morgan & Liu,2011; Hussain
et al., 2016; Kanda et al., 2017). Other studies have
suggested that ROS enhances the inflammation
reaction by causing an increase in the expression of
genes that code for inflammatory proteins such as
activator protein 1 (AP-1), NF-kB, and peroxisome
proliferator activator receptor gamma (PPAR-y).
Other inflammatory chemokines and cytokines also
increase ROS production via several signaling
molecules and pathways such as mitogen-activated
protein kinase (MAPK), NADPH oxidase 2 (NOX),
polymorphonuclear neutrophils (PMN), protein
kinase C (PKC), and c-Jun-N-terminal kinase (JNK)
pathways (Chatterjee, 2016). Several research studies
have shown that C. papaya extracts contain
phytochemicals such as benzyl isothiocyanate
(BiTC), p-carotene, lycopene, and vitamin C that
exert protective effects by attenuating ROS
production and by causing a reduction in the release
of pro-inflammatory  cytokines secretion of
interleukin-6  (IL-6), monocyte chemoattractant
protein-1 (MCP-1) and TNF-o. Additionally, these
phytochemicals also upregulate enzyme activity and
reduce oxidative stress (Somanah et al., 2017).
Moreover, polyphenols present in C. papaya also play
a role in the scavenging of free radicals and
upregulation of antioxidant enzymes (Od-ek et al.,
2020).

Anti-malarial activity

Petroleum ether extract of raw C. papaya fruit
demonstrates antimalarial activity (Krishna et al.,
2008; Vij & Prashar, 2015). Papaya plant has
traditionally been used as an antimalarial agent in a lot
of cultures and even currently, in several cultures such
as Africa, India, and South America, malarial patients
are suggested to consume papaya herbs as an
allopathic  medication in combination  with
antimalarial drugs. It is assumed that C. papaya
extracts enhance the efficacy of antimalarial drugs
while being safe and cost-friendly (Onaku et al., 2011;
Kovendan et al., 2012).

Anti-microbial activity

The antimicrobial effects of C. papaya have been long
known and exploited. Over time, most pathogenic
strains of bacteria and fungi have developed
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resistance against several treatments and antibiotics.
Additionally, antibiotics and synthetic treatments
have side effects thus, natural remedies from
medicinal plants can be considered as a safer alternate
option (Tambekal et al., 2012; Lohidas et al., 2015).
Several published studies have shown tremendous
evidence supporting the chemo-preventive activity of
different parts of C. papaya. However, seeds, latex,
leaves, and roots have greater antimicrobial potentials
than the fruit on its own (Abdullah et al., 2011; Alabi
etal., 2012; Baskaran et al., 2012; Ghosh et al., 2017;
Callixte et al., 2020). C. papaya plant exhibits
antifungal activity but the fruit in particular does not
demonstrate any antifungal activities, rather the
antifungal activity is attributed to the latex (Vij &
Prashar, 2015). The use of plants as medicines is a
common practice in many cultures and nations. Plants
have been used as a primary remedy against several
diseases owing to their exceptional pharmaceutical
properties. Presently, even with the advent of modern
and synthetic medications, the use of plants as
medicine is common in Asia, Africa, and Latin
America. Not only the C. papaya fruit but also other
parts of the plant are proven to be beneficial in several
health conditions. Additionally, plants such as C.
papaya can also be used for the pharmaceutical
production of drugs. Extracts from papaya fruits have
shown evidence by acting as antimicrobial agents
against fever, gastroenteritis, otitis media, typhoid,
and urethritis. Pseudomonas aeruginosa, Shigella
flexneri, Staphylococcus aureus, Escherichia coli,
and Bacillus cereus have all been shown to exhibit
bactericidal action (Oloyede, 2005; Doughari et al.,
2007; Krishna et al., 2008; Sasirekha et al.,2018).
Anti-neoplastic property

Unripe fruit extract of C. papaya contains
hydroethanol, which when
concentrated exerts anti-neoplastic activity. This was
proven by a study conducted on animal models.
(Sasidharan et al., 2011; Ranasinghe et al., 2012;
Praveena et al., 2017).

Antioxidant properties

Oxidative stress, a persistent issue, is described as an
imbalance between antioxidants, pro-oxidants, ROS,
and free radicals. It is characterized by either an
excess of pro-oxidants or a lack of the body's inherent
antioxidant defense system (Kong et al., 2021). Free
radicals are continuously produced within cells and
play important roles in aging and the etiology of
several degenerative diseases because of their ability
to disrupt and change the structure and function of
biomolecules, including proteins, lipids,
carbohydrates, and nucleic acids. ROS are produced
via both endogenous and exogenous sources
(Genestra, 2007). Oxidative damage caused by free
radicals and ROS leads to inflammation which in turn

is linked to several health conditions and diseases
including Alzheimer’s disease (AD), asthma,
atherosclerosis, cancers, cataracts, cardiovascular
diseases (CVDs), rheumatoid arthritis and skin
conditions such as wrinkling (Silva et al., 2010; Park
et al., 2016). Molecular oxygen and nutrients are
constantly processed throughout the body by enzymes
involved in complex metabolic activities, these
processes are necessary for yielding oxidants that
have a positive impact on the body. However,
oxidants must be produced at a basal level and cause
no harm to human health or nutrition. Under normal
conditions, the human body’s endogenous antioxidant
defense system contains antioxidant enzymes
including catalase (CAT), glutathione peroxidase
(GPx), and superoxide dismutase (SOD), all of which
scavenge free radicals and inhibit the generation of
oxidative stress (Kong et al., 2021). Diet,
environment, and exposure to sunlight are common
sources of free radicals (Sies, 2015; Pizzino et al.,
2017).

The production of excess oxidants and free radicals
such as ROS, reactive nitrogen species (RNS),
hydroxyl, and peroxides occur under several health
conditions and diseases that alter tissue metabolism
including chronic wound healing, diabetes mellitus,
inflammation-associated diseases, and microbial
infections. Conditions such as the above mentioned
alter the mechanism of tissue metabolism suppress the
endogenous antioxidant defense system and lead to
oxidative damage/stress. When endogenous defense
systems fail, exogenous antioxidants find relevance
(Nafiu et al.,2019). Antioxidants, as the name
suggests are compounds that inhibit oxidation,
prevent the formation of and scavenge free radicals.
Several compounds, nutritional components, and
phytochemicals present in the fruit C. papaya are
proven to have antioxidant activities (Chakrabirty et
al., 2015; Somanah et al., 2017). Phytoconstituents of
C. papaya with antioxidant roles include carotenoids,
flavonoids, flavonols and polyphenols, and traditional
antioxidants vitamins such as vitamins C and E.
Additionally, adding selenium to this antioxidant
regime exerts a far greater synergistic effect
(Maisarah et al., 2013; Nafiu et al., 2019). Several
clinical and epidemiological studies have shown that
C. papaya extracts have significantly reduced
oxidative stress in several health conditions, these
conditions are discussed below.

Alzheimer’s disease (AD)

The relationship between oxidative stress and the
onset and development of AD is well-established and
well-acknowledged. Aggregation of f-amyloid
peptides and the formation of neurofibrillary tangles
in the brain are the most typical characteristics of AD
(Gella & Durany, 2009). The accumulation of B-
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amyloid in the brain leads to the generation of ROS
which causes lipid and protein peroxidation and
results in neurotoxicity in the brain. AD generally
results in the impairment of defense mechanisms
against oxidative stress characterized by low
glutathione levels. Moreover, it is also discovered that
ROS in the brain inhibits o-secretase activity, and
promotes the activity of B-secretase and y-secretase by
generating neurotoxic 3-amyloid 40 and 42. Another
proposed mechanism of AD pathophysiology
suggests that B-amyloid impedes and interferes with
mitochondrial function in the neuronal cells. Studies
have also proven that B-amyloid causes impairment of
the antioxidative stress mechanism by interfering with
the expression of uncoupling proteins (UCPs) which
mainly function in reducing the ROS generated (Zhao
& Zhao, 2013). FPP is one of the most commonly
used papaya products which acts as a source of
exogenous antioxidants and free radical scavengers
(Zhang et al., 2006).

Cancer

There is currently no proven cure for the long-
standing illness known as cancer. Some cancers are
incurable, but others can be managed or cured to a
certain degree. Both the development and possible
eradication of malignancy are influenced by reactive
oxygen species (ROS), which originate from
mitochondrial metabolic activities. The two main
processes that cause the progression of tumors and
cancers are angiogenesis and metastasis, increased
oxidative stress caused by ROD diminishes the body’s
anti-oxidant defense mechanisms against
angiogenesis and metastasis thereby promoting the
growth of cancer cells (Nourazarian et al., 2014). In
basal and tolerable concentrations of ROS, cancers in
the body result from alterations and mutations in the
genomic DNA, which in turn interfere with the
normal physiological signaling pathways; pathways
such as the cycling D, JNK, ERK, and MAP-K are all
thought to have roles in the progression of cancer
(Saha et al., 2017). Normal cells have a lower
tolerance for ROS and eventually undergo cellular
damage or death in high concentrations of ROS.
Unlike normal cells, cancer cells have a higher
resistance and tolerance towards ROS; however, after
a certain limit, ROS reduces the growth and
progression of cancer cells (Sosa et al., 2013).
Additionally, it is also proposed that ROS causes the
induction of carcinogenesis by interfering with the
activities of tumor-suppressor genes (Saliasi et al.,
2018). Certain studies have shown that FPP was able
to impede DNA fragmentation, otherwise caused by
free H,O- and free radicals (Aruoma et al., 2006). The
anti-cancer activity of FPP is owed to its ability to
trigger cellular signaling mechanisms that cause
apoptosis (Garcia-Solis et al., 2009). As already

known, C. papaya is enriched with flavonoids which
confer chemo-preventive and chemotherapeutic
properties; the underlying preventive mechanisms
include; (1) activation of tumor-suppressor genes, (2)
deactivation of oncogene products, (3) decreasing
oxidative stress by free radical scavenging and by
preventing lipoxygenase action via chelating agents,
4) elevation of anti-oxidant enzyme levels such as and
(5) preventing DNA from any structural damage that
may be caused by free radicals or genotoxins (Waly et
al., 2014; Murakami et al., 2014; Pathak et al., 2016;
Somanah et al., 2016).

Diabetes

With advancements in the age and duration of
diabetes, there is a gradual tendency for the level of
blood sugar to rise along with a subsequent increase
in the HbAlc as well as in the fasting insulin level
(Skyler et al., 2017). It is evident from numerous
researches that oxidative stress plays a role in the
progression of diabetes Reactive oxygen species
(ROS) generation is increased in diabetes, according
to a wealth of experimental and clinical data,
oxidative stress is closely associated with the
progression of diabetes (Leisegang, 2022). There isan
overwhelmingly high amount of evidence that
uncontrolled hyperglycemia is correlated to the
promotion of ROS and weakening of antioxidant
defense systems; the defense systems are weakened
by glucose oxidation, induction of lipid peroxidation
of low-density lipoprotein (LDL), and glycation of
proteins. Advanced glycation end products (AGES),
which are produced when glucose and proteins
interact non-enzymatically, increase the creation of
reactive nitrogen species (RNS), such as nitric oxide
(NO). This oxidative stress and resultant free radicals
hinder the functionality of B-cells in the islets of
Langerhans, potentially leading to diabetes (King et
al., 2004; Rolo et al., 2006). Antioxidants are
therefore essential for the treatment of diabetes.
Studies have demonstrated that the antioxidants in
fermented papaya preparation (FPP) aid prevent
atherosclerotic plaque, reduced lipid peroxidation,
and raise superoxide dismutase (SOD) levels, among
other diabetes problems (Raffaelli et al., 2015).
Periodontal disease

Periodontal disease is a condition characterized by the
infection and inflammation of the gums, which is very
likely to be related to oxidative damage and stress
(Highfield, 2009). Periodontal inflammation is
triggered and augmented by the production of
unnecessary ROS and leukocytes. Epidemiological
trials on humans have shown that the application of
standardized fermented papaya gel (SFPG)
significantly improves gum health, bleeding, and
inflammation by decreasing the levels of
inflammatory cytokines, nitrate (NO3), and nitrite
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level (NOy) (Saliasi et al., 2018). SFPG also inhibits
the activity of bacterial catalase and thereby reduces
infection (Kharaeva et al., 2016).

Skin aging

The degradation of the extracellular matrix (ECM) is
the main process that leads to the aging of the skin; it
makes the skin drier, thinner, unevenly pigmented,
and wrinkled. For ages the skin damage has been
attributed to ROS; ROS is also known to cause
premature aging of the skin as a result of oxidative
stress and inflammation. ROS are also generated as a
result of exposure to ultraviolet (UV) radiations,
which activate signaling molecules and pathways
such as AP-1, extracellular signal-regulated kinase
(ERK), Jun N-terminal kinase (JNK), MAP-K,
nuclear factor kappa B (NF-kB). These factors and
pathways are responsible for the induction of matrix
metalloproteinase (MMP) 1, 3, 9 expression and
collagen production in keratinocytes and fibroblasts
which eventually lead to ECM damage and thus,
aging (Rinnerthaler et al.,, 2015). Another
phenomenon induced by ROS is melanogenesis
mediated by an increase in melanogenic factors such
as tyrosinase-related protein 1 (TYRP-1) and
tyrosinase that eventually cause pigmentation of the
skin. Furthermore, UV also increases the amount of
cholesterol hydroperoxides, oxidized lipids, and
triglyceride hydroperoxides which cause infections
like acne vulgaris Propionibacterium acnes, which
eventually leads to further generation of ROS
(Masaki, 2010). C. papaya is used for its anti-aging
properties due to its anti-inflammatory and anti-
oxidant properties. Extracts of unripe C. papaya have
been shown to prevent H,O»-induced endothelial cell
death; these extracts alter the defense mechanisms by
attenuating NF-xB and upregulating CAT and SOD
activities. ROS leads to the depletion of the natural
anti-oxidants and promotes aging while using papaya
extracts maintains redox homeostasis and thus
prevents aging (Jarisarpurin et al., 2019; Sanchez et
al., 2019).

Wound healing

Wound-healing is a complex and well-coordinated
biological process that has several stages;
inflammation, homeostasis, proliferation, and
modeling (Guo & Dipietro, 2010; Janis & Harrison,
2016). The process and rate of wound-healing can
significantly be affected and altered by oxidative
stress; oxidative stress and redox signaling play
crucial roles in normal healing of wounds by
facilitating (1) angiogenesis, (2) development and
maturation of ECM, (3) granulation, (4) hemostasis,
(5) inflammation, (6) tissue formation and (7) wound
closure (Sen & Roy, 2010; Gonzalez et al., 2016;
Cano Sanchez et al, 2018). Though lower
concentrations of ROS prevent infection, higher

concentrations of ROS can be cytotoxic and impair
skin lipids, reduce their fluidity, and damage cellular
membranes, DNA, and tissues thereby promoting
inflammation (Suntar et al., 2012; Gonzalez et al.,
2016; Lephart, 2016; Cano Sanchez et al., 2018;
Robinson et al., 2022). In vivo research with FPP has
shown that FFP inhibits hydroxyl radicals, superoxide
and reduces the general content of ROS (Nafiu &
Rahman, 2015). C. papaya extracts and topical
applications enhance and speed up the process of
wound-healing by reducing inflammation, producing
antioxidant enzymes, and causing arginine
metabolism (Leitao et al., 2022). Oral administration
of FPP has also been proven to enhance wound
closure in diabetic wounds (Collard & Roy, 2010).
Anti-sickling activity

Sickle cell disease (SCD) is a fatal genetic
hematological disorder characterized by the presence
of abnormally shaped red blood cells (RBCs) (Dash et
al., 2013). The search for natural anti-sickling agents
and plants has been a long struggle. The anti-sickling
potential of C. papaya has been long recognized, it
was first recognized in 1987 (Thomas & Ajani, 1987).
After the discovery of the anti-sickling potential of
papaya, FPP was used in sickle cell and thalassemic
patients showing an improvement in the RBC
sensitivity towards hemolysis (Amer et al., 2008;
Fibach & Rachmilwitz, 2010; Nurain et al., 2016).
Hepatoprotective effect

Aqueous and ethanol extracts of C. papaya confer and
possess  exceptional  hepatoprotective  activity,
especially against carbon tetrachloride (CCl,) induced
hepatoxicity. It is also concluded that C. papaya
extracts along with vitamin E further enhance the
hepatoprotective effect. Nevertheless, the exact
underlying mechanisms and principles by which the
hepatoprotective effects are conferred are yet to be
elucidated (Adeneye et al., 2009; Sadeque et al.,
2012; You et al., 2017).

Immunomodulatory properties

Immune system strengthening is crucial for avoiding
infections  in  diseases  like HIV  and
immunosuppressed states (Yogiraj et al., 2015;
Pandey et al., 2016). Recent research has shown that
C. papaya extracts increase leukocyte, lymphocyte,
monocyte, and platelet count in bone marrow cells in
rat animal models (Jayasinghe et al., 2017).
Additionally, high doses of C. papaya extract also
significantly decrease the levels of pro-inflammatory
cytokines. The most commonly exploited parts of C.
papaya used for their immunomodulatory effects are
the leaf and the seed (Anjana et al., 2018). Papaya
extracts dramatically increased the cytotoxic activity
and immunomodulatory effects of human peripheral
blood mononuclear cells (PBMC) against cancer
cells, according to a different study. Additionally, the
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study indicated that C. papaya extracts might be
employed in  vaccination therapy as an
immunoadjuvant (Otsuki et al., 2010).

Other uses

Alcohol production

Among the current challenges faced by the world’s
biofuel industries is the production of a low-cost,
environment-friendly method of ethanol production.
Traditional petroleum-based methods of ethanol via
fermentation are highly toxic to the environment. One
of the alternate approaches is the production of
ethanol and other alcohols by using agro-waste. C.
papaya fruit extracts are proven to be a good alternate
source of ethanol production as they have a high
content of energy, nutrients, and phytochemicals
(Saeed et al., 2014).

Animal feed

Seeds of C. papaya are added to animal feed to
enhance animal health, nutrition, and production.
There are several advantages of doing so; (1) animals
feed more and gain more nutrients, (2) enzymes and
phytochemicals are added to their diet which protect
the animal against microorganisms of the GIT, (3)
increased rate of ovulation, (4) increase production of
milk and (5) bloating intestinal parasitic load is
reduced (Farrag et al., 2014; Hainida et al., 2015).
When added to a broiler diet, C. papaya containing
diets are cost-friendly and reduce the amount of fecal
ammonia produced (Bolu et al., 2009).

Cosmetics

Other than its application as a food, papaya can be
used in cosmetics and topical creams. One of the
earliest uses of C. papaya was to reduce acne and
pimples and diminish blemishes and scars on the skin.
In cosmetics, papaya is used as either peeled or
mashed forms (Hainida et al., 2015; Lim, 2012). The
peels of papaya contain vitamin A, which has
antioxidant properties and therefore is even more
suitable for its use in cosmetics (Aravind et al., 2013).
Culinary

C. papaya is known for its culinary uses and its use as
a fruit to be eaten regularly. In various countries,
papaya is consumed on its own or it is cooked,
fermented, or processed to make commercially
available food products. Papaya is eaten raw in some
countries as one of the daily nutrients, and is made
into deserts, jams, pickles salads, and sweet dishes
(Aruoma et al., 2014). Other parts of the plant such as
leaves are cooked as soup and used as a medicinal
herb. In some other regions such as India, papaya
seeds are used to replace black pepper seeds (Krishna
et al., 2008; Hainida et al., 2015).

Conclusion

The health benefits of C. papaya are far too many to
be counted; it contains enzymes, minerals, nutrients,
and vitamins which not only are necessary for the

normal diet of an individual but also provide
numerous health and nutritional benefits. The fruit on
the plant grows throughout the year and all of its parts
can be used for their potential bioactivities. Enzymes
present in C. papaya such as chymopapain and papain
aid the digestion process and ease dyspepsia.
Vitamins A, C, and E present in papaya confer
antioxidant activities and prevent human health from
several diseases such as aging of the skin, cancer, and
high  levels of cholesterol.  Additionally,
phytochemicals including alkaloids, carotenoids,
flavonoids, and phenols also contribute to the many
advantages conferred by C. papaya. Therefore, it can
be concluded, that the papaya plant is a safe and
natural option to improve human health and nutrition.
References
Abdullah, M., Chali, P.-S., Loh, C.-Y., Chong, M.-Y .,
Quay, H.-W., Vidyadaran, S., Seman,
Z.,Kandiah, M., & Seow, H.-F. (2011). Carica
Papaya Increases Regulatory T cells and
Reduces IFN-y+cd4+ T cells in Healthy Human
Subjects.  Molecular Nutrition & Food
Research, 55(5), 803-806.
https://doi.org/10.1002/mnfr.201100087
Abdullah, Amin, F., Hassan, N., Bashir, K., Khan, A.,
Bibi, H., Irshad, M., Khan, S., Nawaz, K., &
Ullah, Z. (2023). Antimicrobial susceptibility
profile of various bacteria isolated from
respiratory tract infection. Bulletin of Biological
and Allied Sciences Research, 2023(1), 48.
https://doi.org/10.54112/bbasr.v2023i1.48
Abo, K. A., Fred-Jaiyesimi, A. A., & Jaiyesimi, A. E.
(2008). Ethnobotanical Studies of Medicinal
Plants used in the Management of Diabetes
Mellitus in South Western Nigeria. Journal of
Ethnopharmacology, 115(1), 67-71.
https://doi.org/10.1016/j.jep.2007.09.005
Adesuyi, A. O., & Ipinmoroti, K. O. (2010). The
Nutritional and Functional Properties of the
Seed Flour of Three Varieties of Carica
papaya.Current Research in Chemistry, 3(1),
70-75. https://doi.org/10.3923/crc.2011.70.75
Adiaha MS, Adiaha MS (2017) Effect of Nutritional,
Medicinal and
Pharmacological Properties of Papaya (Carica
papaya Linn.) to
human development: A review. World Sci News
67:238-249
Adiaha, Monday & Adiaha, Magdalene. (2021).
Effect of  Nutritional, Medicinal and
Pharmacological Properties of Papaya (Carica
papaya Linn.) to Human Development: A
Review. World Scientific News, 67(2), 238-249.
Ahmad, N., Fazal, H., Ayaz, M., Abbasi, B. H,,
Mohammad, I., & Fazal, L. (2011). Dengue
fever Treatment with Carica papaya Leaves

11


https://doi.org/10.1002/mnfr.201100087
https://doi.org/10.54112/bbasr.v2023i1.48
https://doi.org/10.1016/j.jep.2007.09.005
https://doi.org/10.3923/crc.2011.70.75

J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 34

Ahmad et al., (2024)

Extracts. Asian Pacific Journal of Tropical
Biomedicine, 1(4), 330-333.
https://doi.org/10.1016/S2221-1691(11)60055-
5

Akindele, A. J., Awodele, O., Alagbaoso, A. A., &
Adeyemi, O. O. (2011). Anti-Diarrhoeal
Activity of DAS-77 (A Herbal
Preparation). Nigerian Quarterly Journal of
Hospital Medicine, 21(4), 317-323.

Alabi, O. A., Haruna, M. T., Anokwuru, C. P., Jegede,
T., Abia, H., Okegbe, V. U., & Esan, B. E.
(2012). Comparative studies on Antimicrobial
Properties of Extracts of Fresh and Dried leaves
of Carica papaya (L) on Clinical Bacterial and
fungal isolates. Advances in Applied Science
Research, 3(5), 3107-3114.

Alam, M., Ahmed, S., Elashali, A. M., Adnan, M.,
Alam, S., Hassan, M. |., & Pasupuleti, V. R.
(2022). Therapeutic Implications of Caffeic
Acid in Cancer  and Neurological
Diseases. Frontiers in Oncology, 12, 860508.
https://doi.org/10.3389/fonc.2022.860508

Alara, O. R., Abdurahman, N. H., & Alara, J. A.
(2020). Carica papaya: Comprehensive
overview of the nutritional  values,
phytochemicals and pharmacological activities.
Advances in Traditional Medicine, 22(1), 17-47.
https://doi.org/10.1007/s13596-020-00481-3

Al-Duais, M., Hohbein, J., Werner, S., B6hm, V., &
Jetschke, G. (2009). Contents of vitamin C,
carotenoids, tocopherols, and tocotrienols in the
subtropical ~ plant  species  cyphostemma
digitatum as affected by processing. Journal of
Agricultural and Food Chemistry, 57(12),
5420-5427. https://doi.org/10.1021/jf9003626

Amer, J., Goldfarb, A., Rachmilewitz, E. A, &
Fibach, E. (2008). Fermented papaya
preparation as redox regulator in Blood Cells
ofpB-thalassemic mice and patients. Phytotherapy
Research, 22(6), 820-828.
https://doi.org/10.1002/ptr.2379

Andersson, S. C., Olsson, M. E., Johansson, E., &
Rumpunen, K. (2009). Carotenoids in sea
buckthorn (Hippophae rhamnoides L.) Berries
during ripening and use of pheophytin a as a
maturity marker. Journal of Agricultural and
Food Chemistry, 57(1), 250-258.
https://doi.org/10.1021/jf802599f

Anjana, G. V., Priya, D., Srimathi, R., & Shantha, B.
K. (2018). A review on medical advantages and
chemical constituents of Carica papaya Linn.
Asian Journal of Pharmaceutical and Clinical

Research, 11(9), 53.
https://doi.org/10.22159/ajpcr.2018.v11i9.2699
2

Anuar, N. S., Zahari, S. S., Taib, I. A., & Rahman, M.
T. (2008). Effect of Green and Ripe Carica
papaya Epicarp extracts on Wound Healing and
During  Pregnancy. Food and Chemical
Toxicology: An International Journal Published
for the British Industrial Biological Research
Association, 46(7), 2384-2389.
https://doi.org/10.1016/j.fct.2008.03.025

Araljo, F. S., Carvalho, C. R., & Clarindo, W. R.
(2010). Genome size, base composition and
karyotype of Carica papaya L. The Nucleus,
53(1-2), 25-31. https://doi.org/10.1007/s13237-
010-0007-8

Aravind, G., Bhowmik, D., S.Duraivel, & G.Harish
(2013). Traditional and Medicinal Uses of
Carica papaya. Journal of Medicinal Plants
Studies, 1, 07-15.

Aruoma, O. I, Hayashi, Y., Marotta, F., Mantello, P.,
Rachmilewitz, E., & Montagnier, L. (2010).
Applications and Bio-efficacy of the Functional
Food Supplement Fermented Papaya
Preparation. Toxicology, 278(1), 6-16.
https://doi.org/10.1016/j.t0x.2010.09.006

Asmah R, M. A. M. (2014). Proximate analysis,
antioxidant and anti proliferative activities of
different parts of Carica papaya. Journal of
Tissue Science & Engineering, 05(01).
https://doi.org/10.4172/2157-7552.1000133

Ayoola, Babatunde & Adeyeye, Adeniyi. (2010).
Phytochemical and nutrient evaluation of Carica
papaya (Pawpaw) leaves. IJRRAS. 5.

Badillo, V. M., & Leal, F. (2019). Taxonomy and
botany of the Caricaceae. Horticultural Reviews,
289-323.
https://doi.org/10.1002/9781119625407.ch6

Bajwa, B. & Mazhar, Muhammad & Bashir, M.K. &
Honey, S.F.. (2018). Environmental, economic
and social impact of biological control
interventions in Papaya Farming in Sindh,
Pakistan. Pakistan Journal of Life and Social
Sciences, 16, 27-34.

Barroso, P. T., de Carvalho, P. P., Rocha, T. B.,
Pessoa, F. L., Azevedo, D. A., & Mendes, M. F.
(2016). Evaluation of the composition of Carica
papaya L. seed oil extracted with supercritical
CO:.. Biotechnology  reports  (Amsterdam,
Netherlands), 11, 110-116.
https://doi.org/10.1016/j.btre.2016.08.004

Basalingappa, K. M. (2018). Medicinal uses of Carica
papaya. Journal of Natural & Ayurvedic
Medicine, 2(6). https://doi.org/10.23880/jonam-
16000144

Bashir, M., Farooq, M., Khalid, S., & ALI, Q. (2022).

The role of microalgae in different
biotechnology applications. Bulletin of
Biological and Allied Sciences

12


https://doi.org/10.1016/S2221-1691(11)60055-5
https://doi.org/10.1016/S2221-1691(11)60055-5
https://doi.org/10.3389/fonc.2022.860508
https://doi.org/10.1007/s13596-020-00481-3
https://doi.org/10.1021/jf9003626
https://doi.org/10.1002/ptr.2379
https://doi.org/10.1021/jf802599f
https://doi.org/10.22159/ajpcr.2018.v11i9.26992
https://doi.org/10.22159/ajpcr.2018.v11i9.26992
https://doi.org/10.1016/j.fct.2008.03.025
https://doi.org/10.1007/s13237-010-0007-8
https://doi.org/10.1007/s13237-010-0007-8
https://doi.org/10.1016/j.tox.2010.09.006
https://doi.org/10.4172/2157-7552.1000133
https://doi.org/10.1002/9781119625407.ch6
https://doi.org/10.1016/j.btre.2016.08.004

J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 34

Ahmad et al., (2024)

Research, 2022(1), 25.
https://doi.org/10.54112/bbasr.v2022i1.25
Baskaran, C., bai, V. R., Velu, S., & Kumaran, K.

(2012). The efficacy of Carica papaya leaf
extract on some bacterial and a fungal strain by
well diffusion method. Asian Pacific Journal of
Tropical Disease, 2.
https://doi.org/10.1016/s2222-1808(12)60239-4
Bolu, S. A. O., Sola-Ojo, F. E., Olorunsany, O. A., &
Idris, K. (2009). Effect of graded levels of dried
pawpaw (carica papaya) seed on the
performance, haematology, Serum
Biochemistry and carcass evaluation of Chicken
Broilers. International Journal of Poultry
Science, 8(9), 905-909.
https://doi.org/10.3923/ijps.2009.905.909
Brasil, G. A., Ronchi, S. N., do Nascimento, A. M.,
de Lima, E. M., Roméo, W., da Costa, H. B.,
Scherer, R., Ventura, J. A, Lenz, D., Bissoli, N.
S., Endringer, D. C., & de Andrade, T. U.
(2014). Antihypertensive Effect of Carica
Papaya via a Reduction in ACE Activity and
Improved Baroreflex. Planta Medica, 80(17),
1580-1587. https://doi.org/10.1055/s-0034-
1383122
Britannica, T. Editors of Encyclopaedia (2021,
August 31). Papaya. Encyclopedia Britannica.
https://www.britannica.com/plant/papaya
Budama-Kilinc, Y., Cakir-Koc, R., Kecel-Gunduz, S.,
Zorlu, T., Kokcu, Y., Bicak, B., Karavelioglu,
Z., & Ozel, A. E. (2018). Papain Loaded Poly(e-
Caprolactone) Nanoparticles: In-silico and In-
Vitro Studies. Journal of Fluorescence, 28(5),
1127-1142. https://doi.org/10.1007/s10895-
018-2276-6
Callixte, C., Baptiste, N. J., & Arwati, H. (2020).
Phytochemical Screening and Antimicrobial
Activities of Methanolic and Aqueous Leaf
Extracts of Carica papaya grown in Rwanda.
Molecular and Cellular Biomedical Sciences,
4(1), 39. https://doi.org/10.21705/mcbs.v4il.74
Canini, A., Alesiani, D., D’Arcangelo, G., &
Tagliatesta, P. (2007). Gas Chromatography—
Mass Spectrometry Analysis of Phenolic
Compounds from Carica papaya L. Leaf.
Journal of Food Composition and Analysis,
20(7), 584-590.
https://doi.org/10.1016/j.jfca.2007.03.009
Cano Sanchez, M., Lancel, S., Boulanger, E., &
Neviere, R. (2018). Targeting Oxidative Stress
and Mitochondrial Dysfunction in the Treatment
of Impaired Wound Healing: A Systematic
Review. Antioxidants (Basel, Switzerland), 7(8),
98. https://doi.org/10.3390/antiox7080098
Cantin, C. M., Moreno, M. A., & Gogorcena, Y.
(2009). Evaluation of the Antioxidant Capacity,

Phenolic Compounds, and Vitamin C Content of
Different Peach and Nectarine [ Prunus persica
(L)) Batsch] Breeding Progenies. Journal of
Agricultural and Food Chemistry, 57(11),
4586-4592. https://doi.org/10.1021/jf900385a
Carneiro, C. E., & Cruz, J. L. (2009). Caracterizacdo
Anatdmica de 6rgaos vegetativos do Mamoeiro.

Ciéncia Rural, 39(3), 918-921.
https://doi.org/10.1590/s0103-
84782009005000011

Carvalho, F. A., & Renner, S. S. (2013). The
phylogeny of the Caricaceae. Genetics and
Genomics of Papaya, 81-92.
https://doi.org/10.1007/978-1-4614-8087-7_5

Carvalho, F. A., & Renner, S. S. (2015). A Dated
Phylogeny of the Papaya Family (Caricaceae)
reveals the crop’s closest relatives and the
family’s biogeographic history §. Molecular
Phylogeny, Biogeography and an e-Monograph
of the Papaya Family (Caricaceae) as an
Example of Taxonomy in the Electronic Age, 49—
81.  https://doi.org/10.1007/978-3-658-10267-
8 4

Chakraborty, M. K., Karmakar, I. Haldar, S.., Nepal,
A. U., & Haldar, P. A. (2015). Anticancer And
Antioxidant Activity of Methanol Extract of
Hippophae Salicifolia in Eac Induced Swiss
Albino  Mice. International Journal of
Pharmacy and Pharmaceutical Sciences, 7(8),
180-184.

Chatterjee, S. (2016). Oxidative Stress, Inflammation
and Disease. Oxidative Stress and Biomaterials,
35-58. https://doi.org/10.1016/b978-0-12-
803269-5.00002-4

Chen, L., Deng, H., Cui, H., Fang, J., Zuo, Z., Deng,
J., Li, Y., Wang, X., & Zhao, L. (2017).
Inflammatory Responses and Inflammation-
Associated Diseases in
Organs. Oncotarget, 9(6), 7204-7218.
https://doi.org/10.18632/oncotarget.23208

Collard, E., & Roy, S. (2010). Improved Function of
Diabetic  Wound-Site  Macrophages and
Accelerated Wound Closure in Response to Oral
Supplementation of a Fermented Papaya
Preparation. Antioxidants & Redox
Signaling, 13(5), 599-606.
https://doi.org/10.1089/ars.2009.3039

Comunian, T., Babazadeh, A., Rehman, A., Shaddel,
R., Akbari-Alavijeh, S., Boostani, S., & Jafari,
S. M. (2020). Protection and Controlled Release
of Vitamin C by Different Micro/Nanocarriers.
Critical Reviews in Food Science and Nutrition,
62(12), 3301-3322.
https://doi.org/10.1080/10408398.2020.186525
8

13


https://doi.org/10.54112/bbasr.v2022i1.25
https://doi.org/10.1016/s2222-1808(12)60239-4
https://doi.org/10.3923/ijps.2009.905.909
https://doi.org/10.1055/s-0034-1383122
https://doi.org/10.1055/s-0034-1383122
https://www.britannica.com/plant/papaya
https://doi.org/10.1007/s10895-018-2276-6
https://doi.org/10.1007/s10895-018-2276-6
https://doi.org/10.21705/mcbs.v4i1.74
https://doi.org/10.1016/j.jfca.2007.03.009
https://doi.org/10.3390/antiox7080098
https://doi.org/10.1021/jf900385a
https://doi.org/10.1590/s0103-84782009005000011
https://doi.org/10.1590/s0103-84782009005000011
https://doi.org/10.1007/978-1-4614-8087-7_5
https://doi.org/10.1007/978-3-658-10267-8_4
https://doi.org/10.1007/978-3-658-10267-8_4
https://doi.org/10.1016/b978-0-12-803269-5.00002-4
https://doi.org/10.1016/b978-0-12-803269-5.00002-4
https://doi.org/10.18632/oncotarget.23208
https://doi.org/10.1089/ars.2009.3039
https://doi.org/10.1080/10408398.2020.1865258
https://doi.org/10.1080/10408398.2020.1865258

J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 34

Ahmad et al., (2024)

Corral-Aguayo, R. D., Yahia, E. M., Carrillo-Lopez,
A., & Gonzélez-Aguilar, G. (2008). Correlation
between some Nutritional Components and the
total Antioxidant Capacity measured with Six
Different Assays in Eight Horticultural
Crops. Journal of Agricultural and Food
Chemistry, 56(22), 10498-10504.
https://doi.org/10.1021/jf801983r

Da Cunha, F. M., Duma, D., Assreuy, J., Buzzi, F. C.,
Niero, R., Campos, M. M., & Calixto, J. B.
(2004). Caffeic Acid Derivatives: In vitro and in
vivo  Anti-Inflammatory  Properties. Free
Radical Research, 38(11), 1241-1253.
https://doi.org/10.1080/10715760400016139

Dash, B. P., Archana, Y., Satapathy, N., & Naik, S. K.
(2013). Search for Antisickling Agents from
Plants. Pharmacognosy Reviews, 7(13), 53-60.
https://doi.org/10.4103/0973-7847.112849

Din, S., Fazal, M., Ishtiaque, A., & Ullah, A. (2023).
Antimicrobial activity of lantana camara against
pseudomonas aeruginosa, serratia marcescens
and staphylococcus aureus to develop ointment
based therapy. Bulletin of Biological and Allied
Sciences Research, 2023(1), 33.
https://doi.org/10.54112/bbasr.v2023i1.33

Doughari, J.H., EImahmood, A.M., and Manzara, S.
(2007). Studies on the antibacterial activity of
root extracts of Carica papaya L. African
Journal of Microbiology Research, 1(3):37-41

Druesne-Pecollo, N., Latino-Martel, P., Norat, T.,
Barrandon, E., Bertrais, S., Galan, P., &
Hercberg, S. (2010). Beta-carotene
supplementation and cancer risk: a systematic

review and metaanalysis of randomized
controlled trials. International  Journal of
Cancer, 127(1), 172-184.

https://doi.org/10.1002/ijc.25008

Dwivedi, M. K., Sonter, S., Mishra, S., Patel, D. K.,
& Singh, P. K. (2020). Antioxidant, antibacterial
activity, and phytochemical characterization of
Carica Papaya Flowers. Beni-Suef University
Journal of Basic and Applied Sciences, 9(1).
https://doi.org/10.1186/s43088-020-00048-w

Evans, E. A., & Ballen, F. H. (2012). An Overview of

Global Papaya Production, Trade and
Consumption. FE913/FE913: An Overview of
Global Papaya Production, Trade, and

Consumption. Retrieved June 8, 2022, from
https://edis.ifas.ufl.edu/publication/FE913
Ezike, A. C., Akah, P. A, Okoli, C. O., Ezeuchenne,

N. A., & Ezeugwu, S. (2009). Carica papaya
(Paw-Paw) Unripe Fruit may be bBeneficial in
Ulcer. Journal of Medicinal Food, 12(6), 1268
1273. https://doi.org/10.1089/jmf.2008.0197
Fabi, J. P., & do Prado, S. B. (2019). Fast and furious:
Ethylene-triggered changes in the metabolism of

papaya fruit during ripening. Frontiers in Plant
Science, 10.
https://doi.org/10.3389/fpls.2019.00535

Fabi, J. P., Seymour, G. B., Graham, N. S., Broadley,
M. R., May, S. T., Lajolo, F. M., Cordenunsi, B.
R., & Oliveira do Nascimento, J. R. (2012).
Analysis of Ripening-Related Gene Expression
in Papaya using an Arabidopsis-Based
Microarray. BMC Plant Biology, 12(1).
https://doi.org/10.1186/1471-2229-12-242

Farrag FH, Refaey MM, Khalil F, Mehrim A (2014)
Pawpaw (Carica papaya) seeds powder in Nile
Tilapia (Oreochromis niloticus) diet 1-growth
performance, survival, feed utilization, carcass
composition of fry and fingerlings tilapia
(Oreochromis niloticus) diet utilization, carcass
composition. Journal of Animal Poultry
Production, 4:363-379

Fibach, E., & Rachmilewitz, E. A. (2010). The Role
of Antioxidants and Iron Chelators in the
Treatment of  Oxidative Stress in
Thalassemia. Annals of the New York Academy
of Sciences, 1202, 10-16.
https://doi.org/10.1111/j.1749-
6632.2010.05577.x

Garcia-Solis, P., Yahia, E. M., Morales-Tlalpan, V.,
& Diaz-Mufioz, M. (2009). Screening of
Antiproliferative Effect of Aqueous Extracts of
Plant Foods Consumed in México on the Breast
Cancer Cell Line MCF-7. International Journal
of Food Sciences and Nutrition, 60 Suppl 6, 32—
46.
https://doi.org/10.1080/09637480802312922

Gayosso-Garcia Sancho, L. E., Yahia, E. M., &
Gonzélez-Aguilar, G. A. (2011). Identification
and quantification of phenols, carotenoids, and
vitamin C from papaya (Carica papaya L., CV.
Maradol) fruit determined by HPLC-Dad-
MS/MS-ESI. Food Research International,
44(5), 1284-1291.
https://doi.org/10.1016/j.foodres.2010.12.001

Gayosso-Garcia Sancho, L. E., Yahia, E. M., &
Gonzalez-Aguilar, G. A. (2013). Contribution of
Major Hydrophilic and Lipophilic Antioxidants
from Papaya Fruit to Total Antioxidant
Capacity. Food and Nutrition Sciences, 04(08),
93-100.
https://doi.org/10.4236/fns.2013.48a012

Gbolade A. A. (2009). Inventory of Antidiabetic
Plants in Selected Districts of Lagos State,
Nigeria. Journal of
Ethnopharmacology, 121(1), 135-1309.
https://doi.org/10.1016/j.jep.2008.10.013

Gella, A., & Durany, N. (2009). Oxidative Stress in
Alzheimer Disease. Cell adhesion &

14


https://doi.org/10.1021/jf801983r
https://doi.org/10.1080/10715760400016139
https://doi.org/10.4103/0973-7847.112849
https://doi.org/10.54112/bbasr.v2023i1.33
https://doi.org/10.1002/ijc.25008
https://doi.org/10.1186/s43088-020-00048-w
https://edis.ifas.ufl.edu/publication/FE913
https://doi.org/10.1089/jmf.2008.0197
https://doi.org/10.3389/fpls.2019.00535
https://doi.org/10.1186/1471-2229-12-242
https://doi.org/10.1111/j.1749-6632.2010.05577.x
https://doi.org/10.1111/j.1749-6632.2010.05577.x
https://doi.org/10.1080/09637480802312922
https://doi.org/10.1016/j.foodres.2010.12.001
https://doi.org/10.4236/fns.2013.48a012
https://doi.org/10.1016/j.jep.2008.10.013

J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 34

Ahmad et al., (2024)

Migration, 3(1), 88-93.
https://doi.org/10.4161/cam.3.1.7402

Genestra M. (2007). Oxyl Radicals, Redox-Sensitive
Signalling Cascades and Antioxidants. Cellular
Signalling, 19(9), 1807-1819.
https://doi.org/10.1016/j.cellsig.2007.04.009

Ghosh, S., Saha, M., Bandyopadhyay, P. K., & Jana,
M.  (2017). Extraction, Isolation and
Characterization of Bioactive Compounds from
Chloroform Extract of Carica papaya Seed and
it's In Vivo Antibacterial Potentiality in Channa
punctatus against Klebsiella
PKBSG14. Microbial Pathogenesis, 111, 508-
518.
https://doi.org/10.1016/j.micpath.2017.08.033

Gonzalez, A. C., Costa, T. F., Andrade, Z. A., &
Medrado, A. R. (2016). Wound healing - A
literature  review. Anais  brasileiros  de
dermatologia, 91(5), 614-620.
https://doi.org/10.1590/abd1806-
4841.20164741

Goo, Y. A, Li, Z., Pajkovic, N., Shaffer, S., Taylor,
G., Chen, J., Campbell, D., Arnstein, L.,
Goodlett, D. R., & van Breemen, R. B. (2007).
Systematic Investigation of Lycopene Effects in
LNCaP Cells by use of Novel Large-scale
Proteomic  Analysis  Software. Proteomics.
Clinical Applications, 1(5), 513-523.
https://doi.org/10.1002/prca.200600511

Gorinstein, S., Park, Y.-S., Heo, B.-G., Namiesnik, J.,
Leontowicz, H., Leontowicz, M., Ham, K.-S.,
Cho, J.-Y.,, & Kang, S.-G. (2009). A
Comparative Study of Phenolic Compounds and
Antioxidant and Antiproliferative Activities in
frequently consumed raw Vegetables. European
Food Research and Technology, 228(6), 903-
911. https://doi.org/10.1007/s00217-008-1003-

Y

Giilgin 1. (2012). Antioxidant Activity of Food
Constituents: ~ An  Overview. Archives  of
Toxicology, 86(3), 345-391.
https://doi.org/10.1007/s00204-011-0774-2

Guo, S., & Dipietro, L. A. (2010). Factors Affecting
Wound Healing. Journal of Dental
Research, 89(3), 219-229.
https://doi.org/10.1177/0022034509359125

Hamid, M., Bashir, K., Rizwan, M., Khilgee, F.,
Aamir, M., & Khayam, K. (2023). Phenotypic
determination of inducible clindamycin resistant
and methicillin resistant staphylococcus aureus
from clinical isolates of Khyber Teaching
Hospital, Peshawar. Bulletin of Biological and
Allied  Sciences  Research, 2023(1), 41.
https://doi.org/10.54112/bbasr.v2023i1.41

Haque, M. A. (2004). Chromosome ldentification in
Papaya (Carica papaya). Journal of Bangladesh
Agricultural University, 2(1), 25-30.

Highfield J. (2009). Diagnosis and Classification of

Periodontal Disease. Australian Dental
Journal, 54 Suppl 1, S11-S26.
https://doi.org/10.1111/j.1834-
7819.2009.01140.x

Hounsome, N., Hounsome, B., Tomos, D., &

Edwards-Jones, G. (2008). Plant Metabolites
and Nutritional Quality of Vegetables. Journal
of Food Science, 73(4), R48-R65.
https://doi.org/10.1111/j.1750-
3841.2008.00716.x

Hussain, T., Tan, B., Yin, Y., Blachier, F., Tossou, M.
C., & Rahu, N. (2016). Oxidative Stress and
Inflammation: What Polyphenols Can Do for
Us?. Oxidative ~ Medicine and  Cellular
Longevity, 2016, 7432797.
https://doi.org/10.1155/2016/7432797

Ikram, E. H., Stanley, R., Netzel, M., & Fanning, K.
(2015). Phytochemicals of Papaya and its
Traditional Health and Culinary Uses -A
Review. Journal of Food Composition and
Analysis, 41, 201-211.
https://doi.org/10.1016/j.jfca.2015.02.010

Itagaki, S., Kurokawa, T., Nakata, C., Saito, Y.,
Oikawa, S., Kobayashl, M., Hirano, T., & Iseki,
K. (2009). In vitro and in vivo Antioxidant
Properties of Ferulic Acid: A Comparative
Study with other Natural Oxidation Inhibitors.
Food Chemistry, 114(2), 466-471.
https://doi.org/10.1016/j.foodchem.2008.09.073

Jaikang, C., & Chaiyasut, C. (2010). Caffeic Acid and
its Derivatives as Heme-oxygenase 1 Inducer in
Hep G2 Cell Line. Journal of Medicinal Plants
Research, 4(10), 940-946. https://doi.org/
10.5897/JMPR10.129

Janis, J. E., & Harrison, B. (2016). Wound Healing:
Part I. Basic Science. Plastic and Reconstructive
Surgery, 138(3 Suppl), 9S-17S.
https://doi.org/10.1097/PRS.000000000000277
3

Jarisarapurin, W., Sanrattana, W., Chularojmontri, L.,
Kunchana, K., & Wattanapitayakul, S. K.
(2019). Antioxidant Properties of Unripe Carica
papaya Fruit Extract and Its Protective Effects
against Endothelial Oxidative Stress. Evidence-
based Complementary and  Alternative
Medicine: eCAM, 2019, 4912631.
https://doi.org/10.1155/2019/4912631

Jayasinghe, C. D., Gunasekera, D. S., De Silva, N.,
Jayawardena, K., & Udagama, P. V. (2017).
Mature Leaf Concentrate of Sri Lankan Wild
Type Carica papaya Linn. Modulates
Nonfunctional and  Functional  Immune

15


https://doi.org/10.4161/cam.3.1.7402
https://doi.org/10.1016/j.cellsig.2007.04.009
https://doi.org/10.1016/j.micpath.2017.08.033
https://doi.org/10.1590/abd1806-4841.20164741
https://doi.org/10.1590/abd1806-4841.20164741
https://doi.org/10.1002/prca.200600511
https://doi.org/10.1007/s00217-008-1003-y
https://doi.org/10.1007/s00217-008-1003-y
https://doi.org/10.1007/s00204-011-0774-2
https://doi.org/10.1177/0022034509359125
https://doi.org/10.54112/bbasr.v2023i1.41
https://doi.org/10.1111/j.1834-7819.2009.01140.x
https://doi.org/10.1111/j.1834-7819.2009.01140.x
https://doi.org/10.1111/j.1750-3841.2008.00716.x
https://doi.org/10.1111/j.1750-3841.2008.00716.x
https://doi.org/10.1155/2016/7432797
https://doi.org/10.1016/j.jfca.2015.02.010
https://doi.org/10.1016/j.foodchem.2008.09.073
https://doi.org/10.1097/PRS.0000000000002773
https://doi.org/10.1097/PRS.0000000000002773
https://doi.org/10.1155/2019/4912631

J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 34

Ahmad et al., (2024)

Responses of Rats. BMC Complementary and
Alternative Medicine, 17(1), 230.
https://doi.org/10.1186/s12906-017-1742-z

Jiménez, V. M., Mora-Newcomer, E., & Gutiérrez-
Soto, M. V. (2013). Biology of the papaya plant.
Genetics and Genomics of Papaya, 17-33.
https://doi.org/10.1007/978-1-4614-8087-7_2

Juarez-Rojop, I. E., Diaz-Zagoya, J. C., Ble-Castillo,
J. L., Miranda-Osorio, P. H., Castell-Rodriguez,
A. E. Tovilla-Zarate, C. A., Rodriguez-
Herndndez, A., Aguilar-Mariscal, H., Ramon-
Frias, T., & Bermldez-Ocafia, D. Y. (2012).
Hypoglycemic effect of Carica papaya leaves in
streptozotocin-induced  diabetic  rats. BMC
complementary and alternative medicine, 12,
236. https://doi.org/10.1186/1472-6882-12-236

Kanda, Y., Osaki, M., & Okada, F. (2017).
Chemopreventive Strategies for Inflammation-
Related Carcinogenesis: Current Status and
Future Direction. International Journal of
Molecular Sciences, 18(4), 867.
https://doi.org/10.3390/ijms18040867

Kapoor, S., & Saraf, S. (2011). Topical herbal
therapies an alternative and complementary
choice to combat acne. Research Journal of
Medicinal Plant, 5(6), 650-669.
https://doi.org/10.3923/rjmp.2011.650.669

Kapoor, S., 2009. Flavours of the Orient. Popular
Prakashan, Bhulabai Desai, Mumbai, India

Kharaeva, Z. F., Zhanimova, L. R., Mustafaev, M. S,
De Luca, C., Mayer, W., Chung Sheun Thali, J.,
Tiew Siok Tuan, R., & Korkina, L. G. (2016).
Effects of standardised fermented papaya gel on
clinical symptoms, inflammatory cytokines, and
nitric oxide metabolites in patients with chronic
periodontitis: An open randomised clinical
study. Mediators of Inflammation, 2016, 1-12.
https://doi.org/10.1155/2016/9379840

Khaw, K.-Y., Shaw, P. N., Parat, M.-O., Pandey, S.,
& Falconer, J. R. (2020). Compound
identification and in vitro cytotoxicity of the
supercritical carbon dioxide extract of papaya
freeze-dried leaf juice. Processes, 8(5), 610.
https://doi.org/10.3390/pr8050610

Khor, B.-K., Chear, N. J.-Y., Azizi, J., & Khaw, K.-
Y. (2021). Chemical composition, antioxidant
and cytoprotective potentials of Carica papaya
leaf extracts: A comparison of supercritical fluid
and  conventional  extraction  methods.
Molecules, 26(5), 1489.
https://doi.org/10.3390/molecules26051489

Kong, Y. R., Jong, Y. X., Balakrishnan, M., Bok, Z.
K., Weng, J., Tay, K. C., Goh, B.H.,0ng, Y. S.,
Chan, K. G., Lee, L. H., & Khaw, K. Y. (2021).
Beneficial Role of Carica papaya Extracts and
Phytochemicals on Oxidative Stress and Related

Diseases: A Mini Review. Biology, 10(4), 287.
https://doi.org/10.3390/biology10040287
Kovendan, K., Murugan, K., Panneerselvam, C.,
Aarthi, N., Kumar, P. M., Subramaniam, J.,
Amerasan, D., Kalimuthu, K., & Vincent, S.
(2012). Antimalarial Activity of Carica papaya
(family: Caricaceae) leaf extract against
Plasmodium falciparum. Asian Pacific Journal
of Tropical Disease, 2.
https://doi.org/10.1016/s2222-1808(12)60171-6

Krishna, K. L., Paridhavi, M., & Patel, J. A. (2008).
Review on nutritional, medicinal and
pharmacological properties of Papaya (Carica
papaya Linn.). Natural Product Radiance, 7(4),
364-373.

Leal-Costa, M. V., Munhoz, M., Meissner Filho, P.
E., Reinert, F., & Tavares, E. S. (2010).
Anatomia foliar de Plantas transgénicas e ndo
transgénicas de carica papaya L. (Caricaceae).
Acta Botanica Brasilica, 24(2), 595-597.
https://doi.org/10.1590/s0102-
33062010000200030

Leisegang K. (2022). Oxidative Stress in Men with
Obesity, Metabolic Syndrome and Type 2
Diabetes Mellitus: Mechanisms and
Management of Reproductive
Dysfunction. Advances in Experimental
Medicine and Biology, 1358, 237-256.
https://doi.org/10.1007/978-3-030-89340-8 11

Leitdo, M., Ribeiro, T., Garcia, P. A., Barreiros, L., &
Correia, P. (2022). Benefits of Fermented
Papaya in Human Health. Foods (Basel,
Switzerland), 11(4), 563.
https://doi.org/10.3390/foods11040563

Lephart, E. D. (2016). Skin aging and oxidative stress:
Equol’s anti-aging effects via biochemical and
molecular mechanisms. Ageing Research
Reviews, 31, 36-54.
https://doi.org/10.1016/j.arr.2016.08.001

Liu, Z., Moore, P. H., Ma, H., Ackerman, C. M.,
Ragiba, M., Yu, Q., Pearl, H. M., Kim, M. S,
Charlton, J. W., Stiles, J. 1., Zee, F. T., Paterson,
A. H., & Ming, R. (2004). A Primitive Y
Chromosome in Papaya marks incipient Sex
Chromosome  Evolution. Nature, 427(6972),
348-352. https://doi.org/10.1038/nature02228

Loh, S. P., & Hadira, O. (2011). In Vitro Inhibitory
Potential of Selected Malaysian Plants Against
Key Enzymes involved in Hyperglycemia and
Hypertension. Malaysian Journal of
Nutrition, 17(1), 77-86.

Lohidas, J. & Manjusha, S. & Jothi, G.. (2015).

Antimicrobial activities of Carica papaya L.

Plant Archives 15 (2), 1179-1186.
Mahattanatawee, K., Manthey, J. A., Luzio, G,

Talcott, S. T., Goodner, K., & Baldwin, E. A.

16


https://doi.org/10.1186/s12906-017-1742-z
https://doi.org/10.1007/978-1-4614-8087-7_2
https://doi.org/10.1186/1472-6882-12-236
https://doi.org/10.3390/ijms18040867
https://doi.org/10.3923/rjmp.2011.650.669
https://doi.org/10.1155/2016/9379840
https://doi.org/10.3390/pr8050610
https://doi.org/10.3390/molecules26051489
https://doi.org/10.3390/biology10040287
https://doi.org/10.1016/s2222-1808(12)60171-6
https://doi.org/10.1590/s0102-33062010000200030
https://doi.org/10.1590/s0102-33062010000200030
https://doi.org/10.1007/978-3-030-89340-8_11
https://doi.org/10.3390/foods11040563
https://doi.org/10.1016/j.arr.2016.08.001
https://doi.org/10.1038/nature02228

J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 34

Ahmad et al., (2024)

(2006). Total Antioxidant Activity and Fiber

Content of select Florida-grown Tropical
Fruits. Journal of Agricultural and Food
Chemistry, 54(19), 7355-7363.

https://doi.org/10.1021/;f060566s

Maisarah, AM., Nurul, AB., Asmah, R and Fauziah,
0. (2013). Antioxidant Analysis of different part
of Carica papaya. International Food Research
Journal. 1043-1048.

Maniyar, Y. & Bhixavatimath, P. (2012).
Antihyperglycemic and Hypolipidemic
Activities of Aqueous Extract of Carica papaya

Linn. Leaves in Alloxan-induced Dlabetic
Rats. Journal of Ayurveda and Integrative
Medicine, 3(2), 70-74.

https://doi.org/10.4103/0975-9476.96519

Masaki H. (2010). Role of Antioxidants in the Skin:
Anti-Aging Effects. Journal of Dermatological
Science, 58(2), 85-90.
https://doi.org/10.1016/j.jdermsci.2010.03.003

Mein, J. R., Lian, F., & Wang, X. D. (2008).
Biological activity of lycopene metabolites:
implications for cancer prevention. Nutrition
reviews, 66(12), 667-683.
https://doi.org/10.1111/j.1753-
4887.2008.00120.x

Memudu, A. E., & Oluwole, T. J. (2021). The
Contraceptive Potential of Carica papaya Seed
on Oestrus Cycle, Progesterone, and
Histomorphology of the Utero-ovarian Tissue of
Adult Wistar Rats. JBRA Assisted
Reproduction, 25(1), 34-43.
https://doi.org/10.5935/1518-0557.20200023

Ming, R., Yu, Q., & Moore, P. H. (2007). Sex
Determination in Papaya. Seminars in Cell &
Developmental Biology, 18(3), 401-408.
https://doi.org/10.1016/j.semcdb.2006.11.013

Morgan, M. J., & Liu, Z. G. (2011). Crosstalk of
Reactive  Oxygen Species and NF-xB
Signaling. Cell ~ Research, 21(1), 103-115.
https://doi.org/10.1038/cr.2010.178

Morton, J.F., 1987. Fruits of Warm Climates. Creative
Resources, Inc., Winterville, USA. 336-346

Murakami, S., Eikawa, S., Kaya, S., Imao, M., & Aji,
T. (2016). AntiTumor and Immunoregulatory
Effects of Fermented Papaya Preparation (FPP:
SAIDOPS501). Asian Pacific Journal of Cancer
Prevention: APJCP, 17(7), 3077-3084.

Nafiu, A. B., & Rahman, M. T. (2015). Anti-
inflammatory and Antioxidant Properties of
Unripe Papaya Extract in an Excision Wound
Model. Pharmaceutical Biology, 53(5), 662—
671.
https://doi.org/10.3109/13880209.2014.936470

Nafiu, A. B., Alli-Oluwafuyi, A.-musawwir,
Haleemat, A., Olalekan, I. S., & Rahman, M. T.

(2019). Papaya (Carica papaya L., Pawpaw).
Nonvitamin and  Nonmineral  Nutritional
Supplements, 335-359.
https://doi.org/10.1016/b978-0-12-812491-
8.00048-5

Nakasone, H.Y., Paull, R.E., 1998. Tropical Fruits.
CAB International, Oxford, UK. 443

Nariya, A., & Jhala, D. (2017). Pharmacognostic
Study of Carica papaya Leaf Extract as
Inhibitors  of  reactive oxygen  species.
International Research Journal of Pharmacy,
8(3), 13-17. https://doi.org/10.7897/2230-
8407.080328

Nayak, B. S., Anderson, M., & Pinto Pereira, L. M.
(2007). Evaluation of Wound-Healing Potential
of Catharanthus roseus Leaf Extract in
Rats. Fitoterapia, 78(7-8), 540-544.
https://doi.org/10.1016/].fitote.2007.06.008

Niklas, K. J., & Marler, T. E. (2007). Carica papaya
(Caricaceae): A Case Study into the Effects of
Domestication on Plant VVegetative Growth and
Reproduction. American Journal of
Botany, 94(6), 999-1002.
https://doi.org/10.3732/ajb.94.6.999

Nourazarian, A. R., Kangari, P., & Salmaninejad, A.
(2014). Roles of Oxidative Stress in the
Development and Progression of Breast
Cancer. Asian Pacific Journal of Cancer
Prevention APJCP, 15(12), 4745-4751.
https://doi.org/10.7314/apjcp.2014.15.12.4745

Nurain, 1. O., Bewaji, C. 0., Johnson, J. S.,
Davenport, R. D., & Zhang, Y. (2017). Potential
of Three Ethnomedicinal Plants as Antisickling
Agents. Molecular Pharmaceutics, 14(1), 172—
182.
https://doi.org/10.1021/acs.molpharmaceut.6b0
0767

Oboh, G., Olabiyi, A. A., Akinyemi, A. J., &
Ademiluyi, A. O. (2014). Inhibition of Key
Enzymes Linked to Type 2 Diabetes and Sodium
Nitroprusside-Induced Lipid Peroxidation in Rat
Pancreas by Water-extractable Phytochemicals
from  Unripe  Pawpaw  Fruit (Carica
papaya). Journal of Basic and Clinical
Physiology and Pharmacology, 25(1), 21-34.
https://doi.org/10.1515/jbcpp-2013-0002

Od-Ek, P., Deenin, W., Malakul, W,
Phoungpetchara, 1., & Tunsophon, S. (2020).
Anti-obesity Effect of Carica papaya in High-
fat Diet Fed Rats. Biomedical Reports, 13(4),
30. https://doi.org/10.3892/br.2020.1337

Odriozola-Serrano, |., Soliva-Fortuny, R., & Martin-
Belloso, O. (2008). Phenolic acids, flavonoids,
vitamin C and antioxidant capacity of strawberry
juices processed by high-intensity pulsed
electric fields or heat treatments. European Food

17


https://doi.org/10.1021/jf060566s
https://doi.org/10.4103/0975-9476.96519
https://doi.org/10.1016/j.jdermsci.2010.03.003
https://doi.org/10.1111/j.1753-4887.2008.00120.x
https://doi.org/10.1111/j.1753-4887.2008.00120.x
https://doi.org/10.5935/1518-0557.20200023
https://doi.org/10.1016/j.semcdb.2006.11.013
https://doi.org/10.1038/cr.2010.178
https://doi.org/10.3109/13880209.2014.936470
https://doi.org/10.1016/b978-0-12-812491-8.00048-5
https://doi.org/10.1016/b978-0-12-812491-8.00048-5
https://doi.org/10.7897/2230-8407.080328
https://doi.org/10.7897/2230-8407.080328
https://doi.org/10.1016/j.fitote.2007.06.008
https://doi.org/10.3732/ajb.94.6.999
https://doi.org/10.7314/apjcp.2014.15.12.4745
https://doi.org/10.1021/acs.molpharmaceut.6b00767
https://doi.org/10.1021/acs.molpharmaceut.6b00767
https://doi.org/10.1515/jbcpp-2013-0002
https://doi.org/10.3892/br.2020.1337

J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 34

Ahmad et al., (2024)

Research and Technology, 228(2), 239-248.
https://doi.org/10.1007/s00217-008-0928-5
Oloyede, O. I. (2005). Chemical profile of unripe pulp
of Carica papaya. Pakistan Journal of Nutrition,
4(6), 379-381.

https://doi.org/10.3923/pjn.2005.379.381

Onaku, L. O., Attama, A. A., Okore, V. C., Tijani, A.
Y., Ngene, A. A., & Esimone, C. O. (2011).
Antagonistic Antimalarial Properties of Pawpaw
Leaf Aqueous Extract in Combination with
Artesunic Acid in Plasmodium Berghei-Infected
Mice. Journal of Vector Borne Diseases, 48(2),
96-100.

Otsuki, N., Dang, N. H., Kumagai, E., Kondo, A,
Iwata, S., & Morimoto, C. (2010). Aqueous
Extract of Carica papayaleaves Exhibits
Antitumor Activity and Immunomodulatory
Effects. Journal of Ethnopharmacology, 127(3),
760-767.
https://doi.org/10.1016/].jep.2009.11.024

Pandey, S., Cabot, P. J., Shaw, P. N. &
Hewavitharana, A. K. (2016). Anti-
inflammatory and Immunomodulatory
Properties of Carica papaya. Journal of
Immunotoxicology, 13(4), 590-602.
https://doi.org/10.3109/1547691x.2016.114952
8

Panzarini, E., Dwikat, M., Mariano, S., Vergallo, C.,
& Dini, L. (2014). Administration Dependent
Antioxidant Effect of Carica papaya Seeds
Water Extract. Evidence-based Complementary
and Alternative  Medicine: eCAM, 2014,
281508. https://doi.org/10.1155/2014/281508

Park, M. J.,, & Bae, Y. S. (2016). Fermented
Acanthopanax koreanum Root Extract Reduces
UVB- and H,0,-Induced Senescence in Human
Skin Fibroblast Cells. Journal of Microbiology
and Biotechnology, 26(7), 1224-1233.
https://doi.org/10.4014/jmb.1602.02049

Parle, Milind & Gurditta, (2011). Basketful Benefits
of Papaya. International Research Journal of
Pharmacy, 2 (7), 6-12.

Pathak, N., Khan, S., Bhargava, A., Raghuram, G. V.,
Jain, D., Panwar, H., Samarth, R. M., Jain, S. K.,
Maudar, K. K., Mishra, D. K., & Mishra, P. K.
(2014). Cancer Chemopreventive Effects of the
Flavonoid-Rich Fraction Isolated from Papaya
Seeds. Nutrition and Cancer, 66(5), 857-871.
https://doi.org/10.1080/01635581.2014.904912

Pereira, T., de Almeida, P. S., de Azevedo, I. G., da
Cunha, M., de Oliveira, J. G., da Silva, M. G., &
Vargas, H. (2009). Gas Diffusion in ‘Golden’
Papaya Fruit at Different Maturity Stages.
Postharvest Biology and Technology, 54(3),
123-130.

https://doi.org/10.1016/j.postharvbio.2009.07.0
10

Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G.,
Mannino, F., Arcoraci, V., Squadrito, F.,
Altavilla, D., & Bitto, A. (2017). Oxidative

Stress: Harms and Benefits for Human
Health. Oxidative  Medicine and Cellular
Longevity, 2017, 8416763.

https://doi.org/10.1155/2017/8416763

Posse RP, Sousa EF, Bernardo S, Pereira MG,
Gottardo RD (2009) Total Leaf Area of Papaya
Trees Estimated by a Nondestructive Method.
Scientia Agricola 66:462—-466

Prabhu, A.K., Devadas, S.M., Lobo, R., Udupa, P.,
Chawla, K., Ballal, M., 2017.
Antidiarrheal activity and phytochemical
analysis of Carica papaya fruit extract. Journal
of Pharmaceutical Sciences. 9, 1151-1155.

Praveena P, Jethinlalkhosh JP, Doss VA. (2017)
Pharmacological Evaluation of Antineoplastic
Activity of Hydroethanolic Extract of Unripe
Fruit of Carica papaya Linn Using Animal
Model. Asian Journal of Pharmaceutical and
Clinical Research.10:179-81.

Raffaelli, F., Nanetti, L., Montecchiani, G., Borroni,
F., Salvolini, E., Faloia, E., Ferretti, G.,
Mazzanti, L., & Vignini, A. (2015). In Vitro
Effects of Fermented Papaya (Carica papaya,
L.) on Platelets Obtained from Patients with
Type 2 Diabetes. Nutrition, Metabolism, and
Cardiovascular Diseases: NMCD, 25(2), 224—
229.
https://doi.org/10.1016/j.numecd.2014.10.013

Ranasinghe, P., Ranasinghe, P., Abeysekera, W. P.,
Premakumara, G. A., Perera, Y. S., Gurugama,
P., & Gunatilake, S. B. (2012). In Vitro
Erythrocyte Membrane Stabilization Properties
of Carica papaya L. Leaf
Extracts. Pharmacognosy Research, 4(4), 196-
202. https://doi.org/10.4103/0974-8490.102261

Reddy, V. K., Sreeramulu, D., & Raghunath, M.
(2010). Antioxidant Activity of Fresh and Dry
Fruits Commonly Consumed in India. Food
Research International, 43(1), 285-288.
https://doi.org/10.1016/j.foodres.2009.10.006

Rinnerthaler, M., Bischof, J., Streubel, M. K., Trost,
A., & Richter, K. (2015). Oxidative Stress in
Aging Human Skin. Biomolecules, 5(2), 545-
589. https://doi.org/10.3390/biom5020545

Rivera-Pastrana, D. M., Yahia, E. M., & Gonzalez-
Aguilar, G. A. (2010). Phenolic and carotenoid
profiles of papaya fruit (Carica papaya L.) and
their contents under low temperature storage.
Journal of the Science of Food and Agriculture,
90(14), 2358-2365.
https://doi.org/10.1002/jsfa.4092

18


https://doi.org/10.1007/s00217-008-0928-5
https://doi.org/10.3923/pjn.2005.379.381
https://doi.org/10.1016/j.jep.2009.11.024
https://doi.org/10.3109/1547691x.2016.1149528
https://doi.org/10.3109/1547691x.2016.1149528
https://doi.org/10.1155/2014/281508
https://doi.org/10.4014/jmb.1602.02049
https://doi.org/10.1080/01635581.2014.904912
https://doi.org/10.1016/j.postharvbio.2009.07.010
https://doi.org/10.1016/j.postharvbio.2009.07.010
https://doi.org/10.1155/2017/8416763
https://doi.org/10.1016/j.numecd.2014.10.013
https://doi.org/10.4103/0974-8490.102261
https://doi.org/10.1016/j.foodres.2009.10.006
https://doi.org/10.3390/biom5020545
https://doi.org/10.1002/jsfa.4092

J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 34

Ahmad et al., (2024)

Robinson, S., Parigoris, E., Chang, J., Hecker, L., &
Takayama, S. (2022). Contracting Scars from
Fibrin Drops. Integrative Biology: Quantitative
Biosciences from Nano to Macro, 14(1), 1-12.
https://doi.org/10.1093/intbio/zyac001

Rockinger, A., Sousa, A., Carvalho, F. A., & Renner,
S. S. (2016). Chromosome Number Reduction in
the Sister Clade of Carica papaya with
Concomitant Genome Size Doubling. American
Journal of Botany, 103(6), 1082-1088.
https://doi.org/10.3732/ajb.1600134

Rodriguez, L., Plaza, A., Méndez, D., Carrasco, B.,
Telleria, F., Palomo, I., & Fuentes, E. (2022).
Antioxidant Capacity and Antiplatelet Activity

of Aqueous Extracts of Common Bean
(Phaseolus  wvulgarisL.)  Obtained  with
Microwave and Ultrasound Assisted

Extraction. Plants (Basel, Switzerland), 11(9),
1179. https://doi.org/10.3390/plants11091179

Sadeque, M. Z., Begum, Z. A., Umar, B. U., Ferdous,
A. H., Sultana, S., Uddin, M. K., & Uddin, M.
K. (2012). Comparative Efficacy of Dried Fruits
of Carica papaya Linn. and Vitamin-E on
Preventing Hepatotoxicity in Rats. Faridpur
Medical College Journal, 7(1), 29-32.
https://doi.org/10.3329/fmcj.v7i1.10295

Saeed, F., Arshad, M. U., Pasha, I., Naz, R., Batool,
R., Khan, A. A., Nasir, M. A., & Shafique, B.
(2014). Nutritional and Phyto-therapeutic
potential of papaya (Carica papaya Linn.): An
Overview. International Journal of Food
Properties, 17(7), 1637-1653.
https://doi.org/10.1080/10942912.2012.709210

Saha, S. K., Lee, S. B., Won, J., Choi, H. Y., Kim, K.,
Yang, G. M., Dayem, A. A., & Cho, S. G.
(2017). Correlation between Oxidative Stress,
Nutrition, and Cancer Initiation. International
Journal of Molecular Sciences, 18(7), 1544.
https://doi.org/10.3390/ijms18071544

Saliasi, 1., Llodra, J. C., Bravo, M., Tramini, P.,
Dussart, C., Viennot, S., & Carrouel, F. (2018).
Effect of a Toothpaste/Mouthwash
Containing Carica papaya Leaf Extract on
Interdental Gingival Bleeding: A Randomized

Controlled  Trial. International Journal of
Environmental Research and Public
Health, 15(12), 2660.

https://doi.org/10.3390/ijerph15122660

Sami, A., Haider, M., Imran, M., Abbas, A., & Javed,
M. (2023). Synergizing food safety, quality and
genetic improvement: the intersection of food
microbiology and processing. Bulletin  of
Biological and Allied Sciences
Research, 2023(1), 44,
https://doi.org/10.54112/bbasr.v2023i1.44

Sanchez, B., Li, L., Dulong, J., Aimond, G.,
Lamartine, J., Liu, G., & Sigaudo-Roussel, D.
(2019). Impact of Human Dermal Microvascular
Endothelial  Cells on Primary Dermal
Fibroblasts in Response to Inflammatory
Stress. Frontiers in Cell and Developmental
Biology, 7, 44,
https://doi.org/10.3389/fcell.2019.00044

Sancho, L. E., Yahia, E. M., Garcia-Solis, P., &
Gonzalez-Aguilar, G. A. (2014). Inhibition of
Proliferation of Breast Cancer Cells MCF7 and
MDA-MB-231 by Lipophilic Extracts of Papaya
(Carica papaya L. Var. Maradol) Fruit. Food
and Nutrition Sciences, 05(21), 2097-2103.
https://doi.org/10.4236/fns.2014.521222

Santana, L. F., Inada, A. C., Espirito Santo, B., Filiu,
W., Pott, A., Alves, F. M., Guimardes, R.,
Freitas, K. C., & Hiane, P. A. (2019).
Nutraceutical Potential of Carica papaya in
Metabolic Syndrome. Nutrients, 11(7), 1608.
https://doi.org/10.3390/nu11071608

Saran, P. L., & Choudhary, R. (2013). Drug
Bioavailability and Traditional Medicaments of
Commercially Available Papaya: A Review.
African Journal of Agricultural Research, 8(25),
3216-3223.
https://doi.org/10.5897/AJAR2013.7295

Saravanasingh, D. K., Ramamurthy, D. M., &
Parthiban, D. P. (2016). Analysis of
Phytochemical Constituents and Antimicrobial
Activity of Carica papaya. International Journal
of Advanced Research in Biological Sciences,
3(2), 329-334.

Sasidharan, S., Sumathi, V., Jegathambigai, N. R., &
Latha, L. Y. (2011). Antihyperglycaemic effects
of ethanol extracts of Carica papaya and
Pandanus amaryfollius leaf in streptozotocin-
induced  diabetic  mice. Natural  product
research, 25(20), 1982-1987.
https://doi.org/10.1080/14786419.2010.523703

Sasirekha, S., Paul, I. J., & Swamynathan, S. (2018).
An APl Centric Smart Kitchen Application.
2018 International Conference on Computer,
Communication, and Signal Processing
(ICCCsP).
https://doi.org/10.1109/icccsp.2018.8452850

Schweiggert, R. M., Steingass, C. B., Heller, A,
Esquivel, P., & Carle, R. (2011).
Characterization ~ of  chromoplasts  and
carotenoids of red- and yellow-fleshed papaya
(Carica papaya L.). Planta, 234(5), 1031-1044.
https://doi.org/10.1007/s00425-011-1457-1

Sen, C. K., & Roy, S. (2008). Redox Signals in
Wound Healing. Biochimica et biophysica
acta, 1780(11), 1348-1361.
https://doi.org/10.1016/j.bbagen.2008.01.006

19


https://doi.org/10.1093/intbio/zyac001
https://doi.org/10.3732/ajb.1600134
https://doi.org/10.3390/plants11091179
https://doi.org/10.3329/fmcj.v7i1.10295
https://doi.org/10.1080/10942912.2012.709210
https://doi.org/10.3390/ijms18071544
https://doi.org/10.3390/ijerph15122660
https://doi.org/10.54112/bbasr.v2023i1.44
https://doi.org/10.3389/fcell.2019.00044
https://doi.org/10.4236/fns.2014.521222
https://doi.org/10.3390/nu11071608
https://doi.org/10.5897/AJAR2013.7295
https://doi.org/10.1080/14786419.2010.523703
https://doi.org/10.1109/icccsp.2018.8452850
https://doi.org/10.1007/s00425-011-1457-1
https://doi.org/10.1016/j.bbagen.2008.01.006

J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 34

Ahmad et al., (2024)

Sharma, A., Bachheti, A., Sharma, P., Bachheti, R. K.,
& Husen, A. (2020). Phytochemistry,
pharmacological activities, nanoparticle
fabrication, commercial products and waste
utilization of Carica papaya L.. A
comprehensive review. Current Research in
Biotechnology, 2, 145-160.
https://doi.org/10.1016/j.crbiot.2020.11.001

Shelke, M., Tamboli, A., Sonawane, P., Sadaphal, P.,
& Mankar, S. D. (2021). A Review on
Pharmacognosy and Pharmacological Activity
of Carica papaya Leaf. Research Journal of
Pharmacognosy and Phytochemistry, 200—-204.
https://doi.org/10.52711/0975-
4385.2021.00035

Siddique, O., Sundus, A., & lbrahim, M. F. (2014).
Effects of Papaya Leaves on Thrombocyte
Counts in Dengue—A Case report. JPMA. The
Journal of the Pakistan Medical
Association, 64(3), 364-366.

Sies H. (2015). Oxidative Stress: A Concept in Redox
Biology and Medicine. Redox Biology, 4, 180—
183.
https://doi.org/10.1016/j.redox.2015.01.002

Silva, C. R., Oliveira, M. B., Motta, E. S., de Almeida,
G. S., Varanda, L. L., de Padula, M., Leitéo, A.
C., & Caldeira-de-Araujo, A. (2010). Genotoxic
and Cytotoxic Safety Evaluation of Papain

(Carica papaya L.) Using In Vitro
Assays. Journal of Biomedicine &
Biotechnology, 2010, 197898.

https://doi.org/10.1155/2010/197898

Silva, J. A. T. da, Rashid, Z., Nhu, D. T., Sivakumar,
D., Gera, A., Souza Jr, M. T. eixeira, & Tennant,
P. F. (2007). Papaya (Carica papaya L.) Biology
and Biotechnology. Tree and Forestry Science
and Biotechnology, 1(1), 47-73

Singh, A., Jaiswal, J., Yadav, R., Gupta, S., Mishra,
S., & Singh, A. K. (2014). In Vitro
Antimicrobial Activity of Medicinal Plants
Ashwagandha (Withania Somnifera) and Papaya
(Carica papaya) with Commercial Antibiotics.
Discovery, 20 (63), 59-64.

Singh, S. P., Kumar, S., Mathan, S. V., Tomar, M. S.,
Singh, R. K., Verma, P. K., Kumar, A., Kumar,
S., Singh, R. P, & Acharya, A. (2020).
Therapeutic Application of Carica papaya Leaf
Extract in the Management of Human Diseases.
DARU Journal of Pharmaceutical Sciences,
28(2), 735-744. https://doi.org/10.1007/s40199-
020-00348-7

Skyler, J. S., Bakris, G. L., Bonifacio, E., Darsow, T.,
Eckel, R. H., Groop, L., Groop, P. H,
Handelsman, Y., Insel, R. A., Mathieu, C,
McElvaine, A. T., Palmer, J. P., Pugliese, A,
Schatz, D. A., Sosenko, J. M., Wilding, J. P., &

Ratner, R. E. (2017). Differentiation of Diabetes
by Pathophysiology, Natural History, and
Prognosis. Diabetes, 66(2), 241-255.
https://doi.org/10.2337/db16-0806

Somanah, J., Aruoma, O. I, Gunness, T. K.,
Kowelssur, S., Dambala, V., Murad, F.,
Googoolye, K., Daus, D., Indelicato, J.,

Bourdon, E., & Bahorun, T. (2012). Effects of a
Short Term Supplementation of a Fermented
Papaya Preparation on Biomarkers of Diabetes
Mellitus in a Randomized Mauritian
Population. Preventive Medicine, 54  Suppl,
S90-S97.
https://doi.org/10.1016/j.ypmed.2012.01.014
Somanah, J., Bourdon, E., & Bahorun, T. (2017).
Extracts of Mauritian Carica papaya (var. solo)
protect SW872 and HepG2 Cells Against

Hydrogen  Peroxide Induced  Oxidative
Stress. Journal of Food  Science and
Technology, 54(7), 1917-1927.

https://doi.org/10.1007/s13197-017-2626-4
Somsri, S., & Bussabakornkul, S. (2008).
Identification of Certain Papaya Cultivars and
Sex ldentification in Papaya by DNA
Amplification Fingerprinting (DAF). Acta
Horticulturae, (787), 197-206.
https://doi.org/10.17660/actahortic.2008.787.19
Sosa, V., Moliné, T., Somoza, R., Paciucci, R.,
Kondoh, H., & LLeonart, M. E. (2013).
Oxidative Stress and Cancer: An
Overview. Ageing Research Reviews, 12(1),
376-390.
https://doi.org/10.1016/j.arr.2012.10.004
Souza, L. M., Ferreira, K. S., Chaves, J. B., &
Teixeira, S. L. (2008). L-ascorbic acid, f-
Carotene and Lycopene content in Papaya Fruits
(Carica papaya) with or without physiological
skin freckles. Scientia Agricola, 65(3), 246-250.
https://doi.org/10.1590/s0103-
90162008000300004
Srivastava, A. K., & Singh, V. K. (2016). Carica
papaya- A Herbal Medicine. International
Journal of Research Studies in Biosciences,

4(11). https://doi.org/10.20431/2349-
0365.0411004

Stahl, W., & Sies, H. (2005). Bioactivity and
Protective Effects of Natural
Carotenoids. Biochimica Et Biophysica
Acta, 1740(2), 101-107.

https://doi.org/10.1016/j.bbadis.2004.12.006
Siintar, 1., Akkol, E. K., Nahar, L., & Sarker, S. D.
(2012). Wound Healing and Antioxidant
PROPERTIES: Do they coexist in plants? Free
Radicals and Antioxidants, 2(2), 1-7.
https://doi.org/10.5530/ax.2012.2.2.1

20


https://doi.org/10.1016/j.crbiot.2020.11.001
https://doi.org/10.52711/0975-4385.2021.00035
https://doi.org/10.52711/0975-4385.2021.00035
https://doi.org/10.1016/j.redox.2015.01.002
https://doi.org/10.1155/2010/197898
https://doi.org/10.1007/s40199-020-00348-7
https://doi.org/10.1007/s40199-020-00348-7
https://doi.org/10.2337/db16-0806
https://doi.org/10.1016/j.ypmed.2012.01.014
https://doi.org/10.1007/s13197-017-2626-4
https://doi.org/10.17660/actahortic.2008.787.19
https://doi.org/10.1016/j.arr.2012.10.004
https://doi.org/10.1590/s0103-90162008000300004
https://doi.org/10.1590/s0103-90162008000300004
https://doi.org/10.20431/2349-0365.0411004
https://doi.org/10.20431/2349-0365.0411004
https://doi.org/10.1016/j.bbadis.2004.12.006
https://doi.org/10.5530/ax.2012.2.2.1

J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 34

Ahmad et al., (2024)

Syed, H. M., Kunte, S. P., Jadhav, B. A., & Salve, R.
V. (2011). Extraction and Characterization of
Papaya Seed Oil. Elixir Agriculture 37A, 4102—
4105.

Tarig, S. A. (2007). Role of Ascorbic Acid in
Scavenging Free Radicals and Lead Toxicity
from Biosystems. Molecular Biotechnology,
37(1), 62-65. https://doi.org/10.1007/s12033-
007-0045-x

Thomas, K.D., Ajani, B., 1987. Antisickling Agent in
an Extract of Unripe Pawpaw Fruit (Carica
papaya). Trans. Royal Society of Tropical
Medicine and Hygiene 81, 510-511

Valko, M., Leibfritz, D., Moncol, J., Cronin, M. T,
Mazur, M., & Telser, J. (2007). Free Radicals
and Antioxidants in Normal Physiological
Functions and Human Disease. The
International Journal of Biochemistry & Cell
Biology, 39(1), 44-84,
https://doi.org/10.1016/j.biocel.2006.07.001

Vij, T., & Prashar, Y. (2015). A review on medicinal
properties of Carica papaya Linn. Asian Pacific
Journal of Tropical Disease, 5(1), 1-6.
https://doi.org/10.1016/s2222-1808(14)60617-4

Wall, M. M. (2006). Ascorbic acid, Vitamin A, and
Mineral Composition of Banana (Musa sp.) and
papaya (Carica papaya) Cultivars Grown in
Hawaii. Journal of Food Composition and
Analysis, 19(5), 434445,
https://doi.org/10.1016/j.jfca.2006.01.002

Waly, M. I., Al-Rawahi, A. S., Al Riyami, M., Al-
Kindi, M. A., Al-Issaei, H. K., Farooq, S. A., Al-
Alawi, A, & Rahman, M. S. (2014).
Amelioration of Azoxymethane Induced-
Carcinogenesis by Reducing Oxidative Stress in
Rat Colon by Natural Extracts. BMC
Complementary and Alternative Medicine, 14,
60. https://doi.org/10.1186/1472-6882-14-60

Yahia, E. M., & Ornelas-Paz, J. de. (2010).
Chemistry, Stability, and Biological Actions of
Carotenoids. Fruit and Vegetable
Phytochemicals, 177-222.
https://doi.org/10.1002/9780813809397.ch7

Yogiraj, V., Goyal, P. K., Chauhan, C. S., Goyal, A.,
& Vyas, B. (2015). Carica papaya Linn: An
Overview. International Journal of Herbal
Medicine, 2(5), 01-08.

You, Z., Sun, J., Xie, F., Chen, Z., Zhang, S., Chen,
H., Liu, F., Li, L., Chen, G., Song, Y., Xuan, Y.,
Zheng, G., & Xin, Y. (2017). Modulatory Effect
of Fermented Papaya Extracts on Mammary
Gland Hyperplasia Induced by Estrogen and

Progestin in Female Rats. Oxidative Medicine
and  Cellular  Longevity, 2017,  8235069.
https://doi.org/10.1155/2017/8235069

Zanna, M., Shettima, A.Y., Daja, A. (2017).
Antidiarrhoeal effects of aqueous leave extract
of Carica papaya in wistar strain albino rats.
Journal of Multidisciplinary Engineering,
Science and Technology. 9, 2017

Zhang, J., Mori, A., Chen, Q., & Zhao, B. (2006).
Fermented Papaya Preparation Attenuates Beta-
Amyloid Precursor Protein: Beta-Amyloid-
Mediated Copper Neurotoxicity in Beta-
Amyloid Precursor Protein and Beta-Amyloid

Precursor Protein Swedish Mutation
Overexpressing SH-SY5Y
Cells. Neuroscience, 143(1), 63-72.

https://doi.org/10.1016/j.neuroscience.2006.07.
023

Zhao, Y., & Zhao, B. (2013). Oxidative Stress and the
Pathogenesis of Alzheimer's Disease. Oxidative
Medicine and Cellular Longevity, 2013, 316523.
https://doi.org/10.1155/2013/316523

Zhou, L., Christopher, D. A., & Paull, R. E. (2000).
Defoliation and Fruit Removal Effects on
Papaya Fruit Production, Sugar Accumulation,
and Sucrose Metabolism. Journal of the
American Society for Horticultural Science,
125(5), 644-652.
https://doi.org/10.21273/jashs.125.5.644

Declaration

Author contribution statement

All authors contributed equally.
Acknowledgement

Not applicable

Conflict of interest

There is no conflict of interest among the authors.
Data Availability statement

All authenticated data have been included in the
manuscript.

Ethics approval and consent to participate
These aspects are not applicable in this paper.
Consent for publication

Not applicable

Funding

There were no sources providing support, for this

paper.

Open Access This article is licensed under a Creative
Commons Attribution 4.0 International License,
Creative Commons Attribution-NonCommercial 4.0
International License, © The Author(s) 2024

21


https://doi.org/10.1007/s12033-007-0045-x
https://doi.org/10.1007/s12033-007-0045-x
https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1016/s2222-1808(14)60617-4
https://doi.org/10.1016/j.jfca.2006.01.002
https://doi.org/10.1186/1472-6882-14-60
https://doi.org/10.1002/9780813809397.ch7
https://doi.org/10.1155/2017/8235069
https://doi.org/10.1016/j.neuroscience.2006.07.023
https://doi.org/10.1016/j.neuroscience.2006.07.023
https://doi.org/10.1155/2013/316523
https://doi.org/10.21273/jashs.125.5.644
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

