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Abstract

Annona muricata L., a tropical fruit-bearing plant, is widely recognized for its distinctive
flavor and aroma, as well as its potential pharmacological and therapeutic properties. This
review provides an updated overview of the nutritional, physicochemical, and bioactive

November 2025 properties of A. muricata, while also exploring its potential applications in health and
Keywords: human nutrition. A systematic search was conducted in databases such as Scopus and
Annona muricata, PubMed, utilizing predefined keywords and controlled vocabulary, in accordance with the
Cactaceae, PRISMA methodology. This search yielded 1248 articles, from which 25 relevant studies

Phytochemicals,
Nutritional properties,
Proximate composition

were selected, focusing on the nutritional, physicochemical, pharmacological, and
bioactive properties of A. muricata. This species holds considerable commercial and
economic value worldwide. Its composition includes a diverse array of phytochemicals
that contribute to its medicinal properties, supporting its use in the management of various
conditions, including diabetes, cancer, ulcers, oxidative stress, hypertension, bleeding
disorders, and hyperlipidemia. Given its valuable nutritional profile and therapeutic
potential, Annona muricata offers promising opportunities for the development of
functional ingredients and pharmaceuticals aimed at enhancing public health.
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1. Introduction Over the past few decades, research has highlighted
that A. muricata contains a diverse array of
phytochemicals, such as acetogenins, alkaloids, fatty
acids, cyclic peptides, and flavonoids (Anaya-Esparza
and Montalvo-Gonzalez, 2020; Solis-Fuentes et al.,
2020; Olas, 2023; Osei et al., 2023). Furthermore, it has

Annona muricata L. is a plant native to various
tropical regions worldwide, particularly in Peru and
Ecuador, within the Andean highlands. Its cultivation
dates back to the time of the ancient Inca Empire in Peru.
Anthropological evidence indicates that 4. muricata was

part of the diet of the ancient Inca civilization (Bonavia
et al., 2004). Commonly known as soursop, graviola,
guanabana, paw-paw, and sirsak, this fruit belongs to the
Annonaceae family, which comprises approximately 130
genera and 2,300 species (Moghadamtousi et al., 2015;
Coria-T¢llez et al., 2018; Osei et al., 2023).

The cultivation of this fruit is of significant
international importance due to its nutritional and
medicinal properties. While A. muricata is primarily
consumed fresh, a wide variety of products derived from
the fruit are commercially available, including ice
creams, juices, nectars, yogurt, purees, alcoholic
beverages, desserts, and extracts containing bioactive
compounds with medicinal properties (Hernandez
Fuentes et al., 2022).

*Corresponding author.
Email: ¢23320@utp.edu.pe

a wide range of medicinal applications due to its
pharmaceutical, nutraceutical, and metabolomic
properties (Zubaidi ef al., 2023; Nambooze et al., 2024).

The objective of this review is to provide updated
information on the nutritional, physicochemical, and
functional properties of A. muricata, and to explore its
potential applications in the development of foods and
functional ingredients for health-related purposes in
human nutrition.

2. Material and methods

For an adequate information search, the
recommendations of the PRISMA statement were
followed (Moher et al., 2009; Page et al., 2021). The
following MeSH terms were identified as keywords in
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English:
soursop,

“Annona muricata,” guanabana, graviola,
Annonaceae,  “bioactive = compounds,”
“nutritional compounds,” “chemical composition,”
antioxidants, phytochemicals, “functional foods,”
“pharmaceutical properties,” and polyphenols.

The search was conducted from January to February
2024 in the following databases: Scopus and PubMed,
preferably focusing on publications from the last 10
years.

Likewise, the search terms that produced the most
effective results in both search engines were: (TITLE-
ABS-KEY ("annona muricata" OR graviola OR soursop
OR annonacea) AND TITLE-ABS-KEY ("Bioactive
compounds" OR "nutritional compounds" OR "chemical
composition" OR antioxidants OR phytochemicals OR
"functional foods" OR "pharmaceutical properties" OR
poliphenols)) AND PUBYEAR > 2013 AND
PUBYEAR < 2025 AND (LIMIT-TO (DOCTYPE ,
"ar'") OR LIMIT-TO (DOCTYPE , "re") OR LIMIT-TO
(DOCTYPE , "ch")) AND (LIMIT-TO (LANGUAGE ,
"English") OR LIMIT-TO (LANGUAGE , "Spanish")).
A total of 1248 articles were retrieved, with 908
originating from the Scopus database and 340 from
PubMed, for detailed analysis. From these, 25 studies
focusing on the nutritional, physicochemical,
pharmacological, and bioactive properties of A. muricata
were selected.

3. Results and discussion
3.1 Botanical characteristics

The fruit of Annona muricata has several common
names depending on the region of origin: soursop,
guanabana, graviola, sirsak, among others (Coria-Téllez
et al., 2018). This plant belongs to the Annonaceae
family, in the genus Annona, within the division
Angiosperms and the class Magnoliophyta (Wilkins,

Table 1. General information about Annona muricata L.

2007; Gavamukulya et al., 2017; Santos et al., 2023).
The genus Annona encompasses over 70 species, of
which A. muricata is the most cultivated and one of the
most valued varieties worldwide (Santos et al., 2023).
Table 1 shows the taxonomy of this plant, as well as its
availability, common names, and the uses of the various
parts of the plant.

The Annonaceae, which are part of the order
Magnoliales, are the most extensive and varied family
within this group, characterized by their high species
richness, low extinction rates, and diverse habitats. This
family is one of the most primitive among seed plants
(also known as angiosperms) and is often referred to as
Annoniflorae due to the frequency with which they
exhibit an indefinite number of free floral parts and
spirally arranged stamens (Paull and Duarte, 2010; Leal
and Paull, 2023).

3.2 Proximal composition

The main component of the proximal composition
present in A. muricata corresponds to carbohydrates,
with fiber content being the most significant
representative (0.74 to 5.76 g/100 g) (Table 2). The
variations found in the different levels of fiber reported
by various authors are due to different factors, such as
climatic conditions, cultivation methods, origin and
analysis methods.

Dietary fiber refers to the parts of plant-based foods
that are not digested by enzymes. It is categorized into
two types: soluble and fermentable fiber, which can be
processed in the colon, and insoluble fiber, which
provides bulk but can also wundergo extensive
fermentation in the colon (Snauwaert et al., 2023). It is
important to note that most prebiotics are indigestible
carbohydrates that ferment in the colon. Inulins and
fructooligosaccharides act selectively to stimulate the
growth of bifidobacteria, which are considered beneficial

Taxonomy Availability

Common names

Plant parts in use Reference(s)

Kingdom: Plantae
Division: Angiosperms
(Magnoliophyta)
Class: Magnolids
Order: Magnoliales
Family: Annonaceae
Genus: Annona
Species: Annona

Tropical regions of  English:
Central and soursop
South America,

Western Africa and

Southeast Asia. Malay:

muricata guanabana

Indonesian: sirsak,
nangka belanda

durian belanda
Portugese: graviola
Latin American Spanish:

Leaf, bark, root,
seed, fruit, flower,
stem, pulp

Wilkins (2007),
Moghadamtousi et al.
(2015), Coria-Téllez
et al. (2018), Wahab
et al. (2018)

Other Indigenous names:
annone, anona, araticum
grande, araticum-manso,
graviola, guanabana,
guanabano, prickly custard

apple
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Table 2. Proximal composition of the edible part of Annona muricata L. fruits.

Moisture (g)  Protein (g) Lipids (g)  Carbohydrates (g)  Fiber (g)  Country of origin Reference(s)
67.45 3.59 080 - 2.36 Nigeria Afzaal et al. (2022)
80.48-83.2  0.69-1.10  0.20-0.97 12.50-18.23 4.83-5.76 Mexico Hernéndez Fuentes

et al. (2022)
Gomez-Maqueo et

81.20 1.00 0.30 16.80 3.30 USA al. (2020)

84.00 0.90 0.20 14.30 3.30 Peru Reyes et al. (2017)

79.34+0.34 - 1.02+0.02- 11.91£0.32 - 3.72+0.22 - . Siqueira et al.

81.14£033  1.10+002 0:010.01 14.70+1.57 5.69+0.08 Brazil (2015)

78.46-80.93 0.94-1.24 0.51-0.79 13.80 — 18.60 0.74-0.86 Venezuela Ojeda et al. (2007)
65.14+2.31 5.35+0.24 0.74+0.06 15.62+3.14 2.26+0.10 Nigeria Ndife et al. (2014)

for human health (Ionita-Mindrican et al., 2022). The
American  Dietetic  Association recommends a
consumption of 14 g of dietary fiber for every 1,000
kcal, additionally recommending 25 g for adult women
and 38 g for adult men. Thus, 100 g of 4. muricata could
provide between 3% and 23% of the recommended daily
intake for women and between 2.3% and 15.2% for men.

3.3 Physicochemical characteristics

Table 3 presents the reported results on the
physicochemical characteristics of different 4. muricata
genotypes. Regarding its soluble solids content, the
values are relatively variable, ranging from 5.28 to 15.50
°Brix. It can be observed that the highest reported values
of soluble solids corresponded to genotypes from
Venezuela, with a range of 13.80 to 15.50 °Brix, which
is one of the countries with the highest production of this
crop.

The flavor of A. muricata fruit results from a
combination of organic acids and sugars, with the most
important being citric and malic acids (Herndndez
Fuentes et al., 2022). Organic acids play an important
role in terms of flavor and texture, which are
fundamental for consumer acceptance (Guevara et al.,
2019).

The pulp of 4. muricata is slightly acidic, with pH
values ranging from 3.52 to 4.1 across different
genotypes. 4. muricata exhibits high acidity (0.36-1.52 g
citric acid/100 g fresh fruit). This value is similar when
compared with orange (0.6-1.3%) (Shaaban et al., 2006),
but lower when compared with lemon (5.84-6.52%) (Al-

Jaleel et al., 2005).
3.4 Mineral content

The mineral content of A. muricata is shown in
Tables 4 and 5. Potassium is the most abundant
macromineral, followed in order by phosphorus and
calcium.

Gomez-Maqueo et al. (2020) reported that the
predominant mineral in fruits from the Mesoamerican
region is potassium, with values ranging from 125 to 660
mg/100 g, placing A. muricata within this range. It
should be noted that this study reported potassium values
in the range of 278-320 mg/100 g of edible fruit (Table
4).

On the other hand, Gémez-Maqueo et al. (2020) and
Rhodes et al. (2023) reported that the most relevant
microelements in A. muricata are iron (6 mg/kg), zinc (1
mg/kg) and copper (0.9 mg/kg), values that are
comparable with those reported by Reyes et al. (2017)
for iron (7-10 mg/kg) and zinc (1 mg/kg) (Table 5).

Minerals are important for human nutrition.
Enzymatic activities, as well as the electrolyte balance of
blood fluid, are related to adequate levels of Na, K, Mg,
and Zn. Potassium is essential for maintaining blood
fluid volume and osmotic balance. Rickets and
calcification of bones can be caused by a deficiency of

these micronutrients (Akomolafe and Ajayi, 2015).

The presence and quantity of different minerals in
plants are attributed to soil composition, selectivity, and
the ability of plants to absorb and accumulate these

Table 3. Physicochemical characteristics of the edible part of Annona muricata fruits.

Total gali;:lclt;fcg% 100 g pH Soh(lia}l;; ii(;llds CO;'?;% of Reference(s)
1.02 3.70 11.00 Peru Fernandez and Ramos (2021)
0.70 3.60 10.90 Mexico Jiménez-Zurita et al. (2017)
1.50+0.05 3.5240.35  5.28+0.12 Nigeria Ndife et al. (2014)
1.02+ 0.43 3704006 11.00:040  Malaysia O™ deégﬁ'afllszg(% 1%*)“1“6
0.36-0.48 3.8-4.1 13.80-15.50  Venezuela Ojeda et al. (2007)
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Table 4. Mineral macroelements content of Annona muricata (mg/100 g).

Calcium Phosphorus Potassium Magnesium Country of origin

Reference(s)

14 27 278 21 USA Gomez-Maqueo et al. (2020),
38 43 Peru Reyes et al. (2017)
10.3 27.7 Cuba Badrie and Schauss (2010)
9-10.3 27.7-29 320 22 Mexico Hernandez Fuentes et al.

Table 5. Mineral microelements content of Annona muricata (mg/kg).

Iron Zinc Copper  Country of origin Reference
Gomez-Maqueo et al. (2020),
6.0 1.0 0.9 UsA Rhodes ef al. (2023)
7.0-10.0 1.0 - Peru Reyes et al. (2017)
2-6 n.d Pareek et al. (2011)

0.500£0.01 0.25+0.03 0.100+0.01

Solomon Islands

Maeaba et al. (2025)

n.d.: not determined

micronutrients. The presence and variations in
concentration are attributed to the type of plant and its
environment (Ugochi et al., 2019).

Copper acts as a vital catalyst for many reactions
involved in iron absorption, and its deficiency can lead to
osteoporosis and anemia. Zinc is a key component of
many enzymes and plays a vital role in the actions of
various enzymes, such as alcohol dehydrogenase,
ribonucleic acid polymerases, alkaline phosphatase, and
carbonic anhydrase. Zinc deficiency during pregnancy
can lead to developmental disorders in offspring and may
also contribute to coronary diseases (Karpiuk et al.,
2016; Ugochi et al., 2019).

3.5 Bioactive compounds

More than 200 bioactive compounds have been
found in A. muricata, in its various parts: leaves, seeds,
and fruits. The main components found are acetogenins,
alkaloids, and phenolic compounds, among others (Coria
-Téllez et al., 2018; Patil et al., 2023). Table 6 presents
the content of the main bioactive compounds present in
the edible part of 4. muricata from different countries.
These findings underscore the variability in the levels of
bioactive compounds in A. muricata according to the
geographic region of cultivation, which is crucial for
understanding its nutritional potential and health
benefits.

The values of vitamin C varied in a range from 15.98
to 106 mg of ascorbic acid/100 g of fresh weight (Table
6). According to the classification reported by Ramful et
al. (2011), in terms of vitamin C content, 4. muricata
would be classified as a fruit with medium to high
vitamin C content (between 30 to more than 50 mg of
vitamin C/100 g of fresh weight). According to Bendich
(2001), the recommended daily intake (RDI) of vitamin
C for adults over 19 years old is 90 mg for men and 75
mg for women. Therefore, A. muricata could provide
18% to 100% of the daily vitamin C requirement.

Regarding the total phenolic content, it varied from
42 to 485.85 mg GAE/100 g of fresh weight (Table 6).
Annona muricata would represent a fruit with low (< 100
GAE/100 g of fresh weight) to medium (100-500 mg
GAE/100 g of fresh weight) total phenolic content
(Vasco et al., 2008).

The main phenolic compounds present in A.
muricata are: Rutin, Kaempferol, and Quercetin (Patil et
al., 2023). These compounds exhibit antioxidant,
anticancer, and antiplatelet activities (Rady et al., 2018;
Son et al., 2021; Olas, 2023).

Regarding flavonoid content, these vary from 1.9220
to 28.4 mg QE/g of sample (Table 4). It has been
reported that the main flavonoids found in A. muricata
include: Luteolin, the most abundant flavonoid, followed

Table 6. Bioactive compounds from the edible part of Annona muricata.

Vitamin C  Total polyphenols

Total flavonoids

(me/100g)  (mg GAE/100 g) (mg QE/g) Country of origin Reference
30.0+1.2 86.1+0.9 28.440.5 Sri Lanka Abeysuriya et al. (2020)
-------------------- 2.16+0.12-34.4142.20 Dominican Orak et al. (2019)
106+8.50 485.85+36.38 2.1540.18 Ecuador Guevara et al. (2019)
15.98 236 e Singapore Isabelle et al. (2010)
————————— 42.0 nd Fiji Lako et al. (2007)
26.64+1.01 398.79+14.91 1.9220+8.50 Ecuador Parraga et al. (2024)

https://doi.org/10.26656/1r.2017.9(6).001

nd: not detected, GAE: Gallic acid equivalent, QE: Quercetin equivalent
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by Myricetin and Apigenin (Parraga et al., 2024).
3.6 Antioxidant capacity

To determine the antioxidant capacity of A.
muricata, a variety of methods have been used, most of
which utilize chromogenic compounds that stimulate the
reduction of reactive oxygen species. The most
commonly used assays are 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,2'-azinobis-(3-ethyl-benzothiazoline-6-
sulfonic acid) (ABTY), ferric reducing/antioxidant power
(FRAP), and Oxygen Radical Absorbance Capacity
(ORAC) (Ihejieto et al., 2023) (Table 7).

The antioxidant capacity values shown in Table 7
demonstrate variability in results within each type of
assay and when compared to one another. This
variability is due to a number of factors, such as the
extraction techniques used, the reagents employed, the
origin of the fruit, its maturity stage and its composition.

In evaluating the antioxidant capacity of foods, the
combined effect of various antioxidants present is
analyzed, which possess different mechanisms of action
and may interact synergistically. For this reason, it is
essential to employ multiple methods to determine the in
vitro antioxidant capacity of foods (Pérez-Jiménez et al.,
2008; Almeida et al., 2011; Yamauchi et al., 2024).

Abeysuriya et al. (2020) reported an ECs, value of
67.4+0.3 mg/mL for A. muricata. According to their
classification, fruits with a low ECsy value (20-100 mg/
mL) exhibit high antioxidant activity to scavenge free
radicals; therefore, A. muricata would be classified by
these authors as a fruit with high antioxidant activity.

Regarding the antioxidant content assessed using the
ABTS method, the results exhibit considerable
variability, which is influenced by both the country of

origin and the method of expression employed (Table 7).
As noted by various studies, one of the most common
methods to evaluate the effectiveness of an antioxidant in
capturing free radicals is the ABTSe+ radical. This
method is characterized by its high sensitivity,
practicality, speed, and stability (Kuskoski et al., 2005).
However, the measured antioxidant activity may vary
depending on the selected evaluation time. In the ABTS
method, absorbance is measured at 1 and 7 min.
However, research has indicated that the reaction with
the ABTSe+ radical is not complete in less than 1
minute, and according to Re et al. (1999), the most
appropriate time is 4 min.

On the other hand, regarding the determination of
antioxidant content using the Oxygen Radical
Absorbance Capacity (ORAC) method, (Isabelle et al.,
2010) indicated that it is better to report antioxidant
capacity values per serving size, which varies depending
on the type of fruit, as each fruit is consumed in different
amounts. A. muricata reported a value of 2003 uM TE/
serving size, higher than other traditional fruits such as
banana (Musa paradisiaca L.; 1173 pM TE/serving
size), red pitaya (Hylocereus polyrhizus; 1239 uM TE/
serving size), grape (Vitis vinifera L.; 1358-1478 uM
TE/serving size), mango (Mangifera indica L.; 1535 pM
TE/serving size), cantaloupe melon (Cucumis melo L.
var. Reticulatus; 162 uM TE/serving size), apple (Malus
domestica Borkh; 135-198 uM TE/serving size),
pineapple (Ananas comosus L. Merril; 1006 uM TE/
serving size), papaya (Carica papaya L.; 381 uM TE/
serving size), among others (Isabelle et al., 2010).

3.7 Other compounds

A component of great relevance for public health
found in Annonaceae, such as A. muricata, is
annonaceous acetogenins. These secondary metabolites,

Table 7. Antioxidant capacity of Annona muricata according to method of analysis

ECso DPPH ABTS

FRAP

Country of origin Reference(s)

67.4+0.3 (mg/mL)

20.840.4 (umol FeSO./g FW)

Sri Lanka Abeysuriya et al. (2020)

0.22+0.11 (mg/mL) 0.87+0.04 (mg/mL)

76.7+0.80 (umol Fe**/g)

Dominican Island/ Nam et al. (2017); Orak

South Korea et al. (2019)
+
92.96+9.46 (umol TE/gFW) - 422.11 57'F7$V§Mm01 TE/g Ecuador Guevara et al. (2019)
20.00+0.22 L
+0.215 (png/mL) e .

102.86+0.215 (ng/mL) (mmol TE/ug) Nigeria Oboh et al. (2015)
1.36+0.01(umol/g) 6.09+0.13 (pmol’lg) - Brazil Almeida et al. (2011)
Correa Gordillo et al.

------------------------- 503+11 (umol/L/g) Fiji (2012)

2.88+0.2 (umol TE/g) 4.3+0.4 (umol TE/g) - Brazil Kuskoski et al. (2005)
0.85+0.15 (mg/mL) 0.8440.06 (mg/mL)  0.89+0.09 (umol Fe*'/g) Mexico Leon-Ferndndez et al.

(2017)

TE: Trolox Equivalent, DPPH: diphenyl-1-picrylhydrazy, ABTS: 2:2-Azinobis 3-ethylbenzthiazoline-6-sulfonic acid radical
scavenging assay, FRAP: ferric ion reducing antioxidant parameter, ECsy: concentration required to obtain an antioxidant effect

of 50%.
https://doi.org/10.26656/1r.2017.9(6).001
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derived from fatty acids, are found in different parts of
the plant, including leaves, seeds, pulp, and peel of the
fruit. Acetogenins are characterized by long aliphatic
chains comprising 35 to 37 carbon atoms, a terminal ring
of vy-lactone methyl-alpha beta-unsaturated, as well as
tetrahydrofuran (THF) and tetrahydropyran (THP) rings,
although the latter are present less frequently (Lima et
al., 2022; Aguilar-Hernandez et al., 2024). More than
120 acetogenins have been found in the leaves, stems,
bark, seeds, pulp, and peel of A. muricata, with the
leaves containing around 46 acetogenins (Wahab et al.,
2018; Zubaidi et al., 2023).

Various studies have confirmed that acetogenins
from A. muricata have effects in reducing several types
of cancer, including colon, breast, skin, prostate cancer,
and leukemia (Rady et al., 2018; Anaya-Esparza and
Montalvo-Gonzalez, 2020; Delgado et al., 2021).
Acetogenins exhibit antiproliferative, cytotoxic, and
anticancer properties. They show inhibitory activity
against mitochondrial complex I NADPH, which is an
essential part of the electron transport chain and vital for
producing large amounts of ATP in cancer cells (Deep et
al., 2016; Qazi et al., 2018). Moreover, these compounds
have been shown to affect various metabolic pathways
by inhibiting the Na*/K* ATPase pump, as well as the
hypoxic and glycolytic pathways, resulting in the
induction of apoptosis and cell death (Yap et al., 2017;
Yiallouris ef al., 2018; Delgado et al., 2021).

3.8 Potential therapeutic uses of Annona muricata

Various components of the A. muricata tree and
other species within the Annona genus are utilized in
traditional medicine for the treatment of numerous
human health issues, including cancer and parasitic
infections. The fruit of this plant is commonly employed
in natural remedies to alleviate pain from conditions such
as arthritis, neuralgia, diarrhea, dysentery, fever, malaria,
parasitic infections, rheumatism, skin rashes, and worms.
In contrast, the leaves are used to address conditions like
cystitis,  diabetes,  headaches, and  insomnia.
(Moghadamtousi et al., 2015; llango et al., 2022;
Mutakin et al., 2022). Likewise, the seeds of 4. muricata
are used in the treatment of helminthiasis and parasitosis,
while its leaves, bark and roots have been used for their
anti-inflammatory, antihypertensive, sedative,
antidiabetic, smooth muscle relaxant and antispasmodic
properties (Moghadamtousi et al., 2015; Mutakin et al.,
2022).

Various studies have examined different parts of 4.
muricata, revealing a wide range of phytochemicals.
These include alkaloids, megastigmanes, flavonol
triglycosides, phenolic compounds, essential oils, and
acetogenins. In addition, the presence of essential

https://doi.org/10.26656/1r.2017.9(6).001

minerals such as potassium, calcium, sodium, copper,
iron and magnesium has  been identified
(Moghadamtousi ef al., 2015).

Several researchers have studied and demonstrated
the pharmacological properties of 4. muricata extracts,
such as anticancer, cytotoxic, anti-inflammatory,
antiulcer, antidiabetic, antibacterial and antiviral, among
others (Oyebamiji et al., 2022; Nambozee ef al., 2024).

4. Conclusion

Annona muricata contains a variety of bioactive
compounds, including acetogenins, flavonoids, phenolic
acids, alkaloids, and vitamin C. It is particularly notable
for its high fiber content and its abundance of both
macronutrients and micronutrients, such as potassium,
calcium, magnesium, copper, iron, and zinc. This review
examines the therapeutic uses and applications of A.
muricata, as well as its chemical composition and
pharmacological effects. Further research is needed to
explore the biochemical and physiological functions of
the bioactive compounds in 4. muricata, along with the
underlying mechanisms responsible for these activities.
Future studies and clinical trials should also investigate
the potential toxicity of specific compounds, as well as
determine their optimal dosages and effects on human
health.
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