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ABSTRACT

Annona squamosa L., commonly known as custard
apple, is a tropical plant that produces fruit and
belongs to the Annonaceae family. It is cultivated
extensively in India and other regions with warm
climates. Although the plant is mainly valued for its
edible  fruit, its leaves contain  several
phytochemicals that have drawn considerable
attention from scientists. This review focuses on the

phytochemical composition anddocumented
bioactive properties of A. squamosa.Various
chemical substances, including phenolic

compounds, flavonoids, alkaloids, acetogenins,
essential oils, fixed oils,and other secondary
metabolites, have been identified in different parts
of the plant. Studies have associated these
compounds with multiple biological functions, such
as antioxidant, antibacterial, antifungal, anticancer,
and other antimicrobial activities. The available
evidence indicates that A. squamosa, especially its
leaves, is a potential source of natural bioactive
compounds  with  possible applications in
pharmaceuticals. However, most of the current
findings are based on laboratory and experimental
research. There is a need for more well-controlled
clinical studies to verify the safety, effectiveness,
and therapeutic benefits of these compounds when
used in human medicine.

KEYWORDS: Custard apple; Annona squamosa;
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| INTRODUCTION

Fruits and vegetables are important parts of
a balanced diet because they provide essential
nutrients and a variety of naturally occurring
bioactive compounds. Eating more plant-based
foods has been associated with positive health
effects and may help lower the risk of several long-
term health issues [1]. Some of the health benefits of

plant-based foods come from their phytochemical
content. Important types of phytochemicals include
polyphenols, coumarin, carotenoids, alkaloids,
vitamins, and minerals. Many of these compounds
have antioxidant properties, which can help reduce
oxidative damage by interacting with harmful
substances known as reactive oxygen species. These
antioxidant properties are also connected to other
health benefits, such as reducing inflammation [2].
The genus Annona is part of the family Annonaceae
and includes many species that are mainly found in
tropical and subtropical areas. Plants in this genus
are usually trees or shrubs, though their features can
vary between species and depending on the
environment [3]. Many species within the Annona
genus produce fruits that are not only edible but also
have a pleasant aroma and are either eaten directly
or used in cooking. In addition to their nutritional
value, different parts of these plants, such as roots,
leaves, bark, twigs, seeds, and fruits, have been
studied for their chemical composition. The
chemical groups identified include alkaloids,
phenolic compounds, essential oils, cyclopeptides,
carotenoids, amino acids, anthocyanins, vitamins,
and minerals [4,5].Annona squamosa L., commonly
known as custard apple, is an important species
within the genus and is cultivated in tropical and
subtropical regions, including parts of India [6].The
plant is mainly valued for its edible fruit, but its
leaves, seeds, bark, roots, and other parts have also
been studied for traditional uses and potential health
benefits. Studies on A. squamosa have identified a
wide range of phytochemicals including alkaloids,
phenolic compounds, and other secondary
metabolites. These compounds have led to
continued research on the plant's phytochemical and
pharmacological properties [6].
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PLANT PROFILE

INTRODUCTION

Annona squamosa L.commonly known as custard
apple, is a fruit-producing plant belonging to the
family Annonaceae. It is widely grown in tropical
and subtropical areas due to the nutritional and
edible value of its fruits. In addition to its use as
food, different parts of the plant have been studied
for their traditional applications and various
biological properties. This plant usually grows as a
small tree and can reach a height of about 3 to 8
meters. Its leaves are simple, elongated in shape,
with a length of approximately 6 to 17 centimeters
and a width of 3 to 5 centimeters. The fruits vary in
shape, appearing round, heart-shaped, oval, or
conical [8].

SCIENTIFIC CLASSIFICATION

Kingdom: Plantae
Phylum:Streptophyta
Class: Equisetopsida
Subclass: Magnoliidae
Order: Magnoliales

Genus: Annona

Species: Annona squamosa
Family: Annonaceae [8]

VERNACULAR NAME

English: Custard apple/sugar apple
Hindi: Sitaphal

Sanskrit: Sitaphalam

Tamil: Sitapalam

Telugu: Seethaphal

Kannada: Sita phala

Bengali: Ata[16]

BOTANY
PLANT INFORMATION

Scientific Name: Annona squamosa L.
Common Name: Custard Apple / Sugar Apple
Family: Annonaceae

Plant Type: Shrub or small tree [8].

GEOGRAPHICAL DISTRIBUTION

*Annona squamosa*L.is a tropical plant that is now
widely grown and has become naturalized in many
warm areas around the world. The Royal Botanic
Gardens, kew, says that its native area is from

Mexico to Colombia, but because of cultivation and
introduction, it has spread to many tropical and
subtropical regions. It can be found in parts of Asia,
Africa, Australia, and South America.

Major regions where A. squamosa is grown or found
include:

[J India

[ Sri Lanka

[J Bangladesh

[ Pakistan

(] Thailand

[) Indonesia

[J Philippines

[J Brazil and other parts of South America
[J Tropical areas of Africa, and Australia

This plant thrives in warm climates and is often
grown for its edible fruit. In India, it is an important
fruit crop and is also used in traditional medicine|[8].

PHARMACOLOGICAL PROPERTIES OF
ANNONA SQUAMOSA

Antimalarial Activity

Research on A. squamosa has explored its potential
against P. falciparum. Some compounds and
extracts from the plant have shown moderate
antimalarial effects against both chloroquine-
sensitive and chloroquine-resistant strains in
experimental studies [22]. These results suggest that
the components of A. squamosa might have
antiplasmodial properties; however, more research
is needed to confirm their therapeutic value.

Anthelmintic Activity

The anthelmintic capabilities of A. squamosa,
especially from its leaves, have been studied using
various experimental models. Leaf extracts made
with solvents like hexane, ethyl acetate, and ethanol
were tested at different concentrations. The impact
was measured by observing the time taken for
paralysis and death of the test organisms [17]. The
results suggest that certain components of the plant
may have anthelmintic properties.

Anti-genotoxic Effect
Experiments have looked into the protective abilities

of A. squamosa extracts against cell damage caused
by genotoxic and oxidative stress[18]. These
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observations imply that some components of the
plant could offer protection against oxidative stress-
induced cellular damage; nevertheless, more studies
are needed to understand the exact mechanism
involved.

Antibacterial Activity

Extracts from the leaves of A. squamosa have
shown antibacterial effects in experimental studies.
The level of activity can vary based on the plant
material, the solvent used for extraction, the
concentration of the extract, and the bacterial strain
tested [19]. These findings suggest that the plant's
phytochemical components may be responsible for
the observed antibacterial activity.

Antidiabetic Activity

The antidiabetic potential of A. squamosa has
mainly been examined using experimental animal
models. An aqueous leaf extracts have shown
effects in models of diabetes induced by
streptozotocin, which are frequently used to study
changes in glucose metabolism and insulin function
[20]. These results provide initial evidence for
antidiabetic potential; however, further research is
necessary before any therapeutic use can be
considered.

Antioxidant Activity

Various extracts of A. squamosa have shown
antioxidant activity in experimental studies. In some
cases, extracts made with more polar solvents had
higher free-radical-scavenging activity compared to
less-polar extracts [21]. The presence of flavonoids,
phenolic compounds, and other antioxidant
components may be responsible for these effects.
However, the reported antioxidant activity should be
viewed as experimental evidence rather than proof
of clinical effectiveness.

OTHER PROPERTIES

Annona squamosa is used in various traditional
ways, along with its reported medicinal effects.
Different parts of the plant, such as the leaves,
seeds, and fruits, are known to have properties that
can kill worms and insects. The leaves have been
traditionally used for treating certain skin issues and
wounds. Powdered seeds have also been used to
deal with head lice and fleas; however, care should
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be taken as the seed powder may irritate the eyes if
it comes into contact with them [9].

NUTRITION CONTENT OF
SQUAMOSA L. FRUIT PULP

ANNONA

The pulp of the Annona squamosa L.fruit contains a
range of nutrients such as water, carbohydrates,
proteins, fats, and minerals. It also includes various
vitamins and plays an important role in the overall
nutritional content of the fruit. The nutrient
composition can differ based on the variety of the
plant, environmental conditions, the fruit's maturity
level, and other factors related to its growth and
processing. As a result, the nutritional values
provided here are general estimates based on
reported data for the fruit pulp[10].

NUTRIENTS CONTENT PER
100G (dried weight)
Water 70-75 g
Zinc 0.57-1.21mg
Folic acid 35.00ug
Carbohydrates 18.2-59.0g
Calcium 4.92-75.47 mg
Phosphorous 20.00-235.61 mg
Iron 0.30 mg
VitaminA 1.80-7.00ug
VitaminE 0.60 mg
VitaminB12 0.057-0.167 mg [17]
CHEMICAL CONSTITUENTS

Phytochemical  studies on  Annona
squamosa L. have revealed a wide variety of
secondary metabolites present in different parts of
the plant. The main chemical groups identified
include alkaloids, phenolic compounds, acetogenins,
terpenoids, peptides, essential oils, and fixed oils
[11]. The presence and amount of these compounds
vary across different parts of the plant and can be
influenced by factors such as the plant's
geographical location, variety, extraction technique,
and the method used for analysis. Among these
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compounds, annonaceousacetogenins have been the
focus of much scientific research due to their unique
chemical structures and varied biological activities.
Alkaloids, phenolic compounds, flavonoids, and
terpenoids have also been studied for their potential
role in the plant's biological properties. The
following section outlines some of the key chemical
groups found in A. squamosa, namely alkaloids,
phenolic compounds, flavonoids, acetogenins, and
essential and fixed oils.

ALKALOIDS

Alkaloids are a significant group of secondary
metabolites found in Annona squamosa L. A
phytochemical study of the alkaloid fraction from A.
squamosa collected in Saudi Arabia led to the
isolation of two alkaloids belonging to the
benzylisoquinoline class. These compounds were
identified as coclaurine and 6,7-dimethoxy-1-(a-
hydroxy-4-methoxybenzyl)-2-methyl-1,2,3,4-
tetrahydroisoquinoline. The second compound was
first reported from a natural source in this study,
while coclaurine had been previously identified in
A. squamosa. The isolated alkaloids were then
tested for their cytotoxic activity against several
human cancer cell lines, namely HCT-116, MCF-7,
and HepG-2. The results showed that these
compounds exhibited biological activity in the
experimental cell-based models [12].

ACETOGENINS

Annonaceousacetogenins are a unique group of
secondary metabolites found in plants belonging to
the Annonaceaefamily. In the case of Annona
squamosa L., these compounds are mainly present in
the seeds, though they have also been found in other
parts of the plant, such as the leaves and fruit pulp.
Chemically, they are characterized by a long chain
of carbon atoms that includes a tetrahydrofuran
(THF) ring and a terminal vy-lactone group.
Severalacetogenins extracted from A. squamosa
have drawn scientific attention due to their varied
biological activities, such as cytotoxic, antiparasitic,
anthelmintic, and insecticidal effects. However,
these effects have primarily been observed in
laboratory studies and should not be considered as
proven clinical benefits. A significant biological
function of acetogenins is their ability to disrupt the
function of mitochondria, which are the energy-
producing structures in cells. These compounds
inhibit mitochondrial complex I, also referred to as
NADH: ubiquinone oxidoreductase, thereby

hindering the electron transport chain and reducing
cellular energy production. Due to this mechanism,
acetogenins have been widely studied for their
cytotoxic and pesticidal characteristics [13].

PHENOLIC COMPOUNDS

Phenolic compounds are a significant group of
secondary metabolites found in Annona squamosal.
Research on extracts from the seeds of this plant has
revealed the presence of various phenolic
compounds, such as gallic acid, ellagic acid, ferulic
acid, benzoic acid, and syringic acid. Additional
phenolic and related compounds, including
cinnamic acid, p-coumaric acid, and o-coumaric
acid, have also been identified in these seed extracts.
The composition of phenolic compounds can vary
significantly between different samples. This
variation may be due to factors such as the species
involved, the specific plant parts used, the
geographical origin of the plant, and the conditions
used during extraction. In one study, gallic acid, p-
hydroxybenzoic acid, syringic acid, ferulic acid,
ellagic acid, benzoic acid, and o-coumaric acid were
among the main phenolic compounds found in the
seed extract. Cinnamic acid was also detected, and
p-coumaric, ferulic, and o-coumaric acids were
identified as derivatives of cinnamic acid. The
presence of these various phenolic compounds
underscores the phytochemical importance of A.
squamosa. Thesecompounds are also of interest due
to their potential antioxidant and other biological
activities. However, the specific biological effects of
each compound should be studied individually,
rather than assuming that all benefits are solely due
to the presence of phenolic compounds in the
plant[11,13].

ESSENTIAL OIL

The leaves of A. squamosa L.contain volatile
compounds that can be extracted through hydro
distillation ~ and  further = analyzed  using
chromatographic ~ methods, such as  gas
chromatography (GC) and gas chromatography—
mass spectrometry (GC-MS). In a study involving
leaf oil collected from the north Indian plains, 18
compounds were identified, making up about 86%
of the total oil composition. The essential oil was
mainly composed of sesquiterpene hydrocarbons,
which made up 76.0% of the oil. Oxygenated
sesquiterpenes  accounted for 7.1%, while
monoterpene hydrocarbons contributed 2.5%. The
main components of the essential oil were B-
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caryophyllene (23.0%), germacrene D (21.3%),
bicyclogermacrene (8.5%), and B-elemene (7.8%).
The composition of the essential oil can vary
depending on factors such as geographical location,
environmental conditions, the plant material used,
and the extraction method. Thus, the reported
composition should be viewed as representative of
the specific sample studied rather than a standard
composition for all A. squamosa leaves[14].

FIXED OILS

The seeds of A. squamosa L.contain a significant
amount of fixed oil. Analysis of the seed kernels has
shown that there is approximately 22.2% crude fatty
oil by dry weight . The fatty oil was examined using
gas chromatography—mass spectrometry (GC-MS)
after converting the oil into fatty acid methyl esters .
A total of 11 fatty acids were identified, making up
about 99.8% of the oil. The main fatty acids found
were oleic acid (47.4%), linoleic acid (22.9%),
stearic acid (13.6%), and palmitic acid (12.1%) .
Together, oleic and linoleic acids made up roughly
70.3% of the identified unsaturated fatty acids,
while palmitic and stearic acids accounted for about
25.7% . These results suggest that the seed kernels
of A. squamosa could be a source of fatty oil with a
relatively high content of unsaturated fatty acids.
However, it has also been noted that the seed oil
may have toxic properties. Therefore, any potential
use of the oil should take into account necessary
safety precautions and detoxification methods [15].

II. CONCLUSION

Annona squamosa L. has different
phytoconstituents, including alkaloids, phenolics,
flavonoids, acetogenins, terpenoids, and oils, which
provide to its reported bioactive properties. Studies
have  established antioxidant, antibacterial,
antimalarial,  anthelmintic, antidiabetic, and
anticancer potential. However, further studies are
required to establish its safety, efficacy, mechanism
of action, and clinical application.
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