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Abstract

This article represented a review on soursop (4dnnona muricata), an edible fruit of the Annona in the custard apple tree
family with emphasis on its skin (exocarp), pulp and seed. Likewise, extraction methods used to obtain active compounds
from the skin (exocarp), pulp and seed as well as investigations on the bioactivities such as antioxidant, antidiabetic with
some in vivo and in vitro studies were also enumerated. Current use in different food products as antioxidants, and as
technofunctional ingredients was also elucidated. Since it is known that the development of alternative nutritive ingre-
dients from under-utilized or less commercialized fruits is emerging. This necessitated the need to review the beneficial
importance of soursop (skin, pulp and seed). The promising prospect of soursop is that juice obtained from its pulp press-
ing can be used in candies, flavouring, fruit bars, smoothies etc. Bioactive compound such as annonacin that is present in

the seed may be used in cancer treatment.
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Introduction

Fruits are very important from ancient time due to their
beneficial status to promote health [1, 2]. They are vital in
dietary guidance because they contain minerals particularly
electrolytes, vitamins such as vitamin C, and phytochemi-
cals which act basically as antioxidants, prompting fruits to
gain global dominance [1, 3]. From scientific investigations,
bioactivities and nutraceutical importance of fruits and
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vegetables have been linked to reduction in death rate due to
heart-related, cancer and other deteriorating illness among
the human populace [4, 5]. These findings were attributed to
bioactive compounds, dietary fiber and antioxidants compo-
nents embedded in fruits and vegetables [6, 7].

Soursop (Annona muricata) is an edible fruit, of the
Annona in the custard apple tree family that is made up of
the skin, pulp and the seed (Fig. 1). They offer tremendous
bioactivity attributes that could promote health [8—10]. The
fruit was believed to have originated from West Indies and
Central America within the lowlands region [11, 12]. It is
also grown in the Caribbean, equatorial belts of the Ameri-
cas such as in Cuba, Dominican Republic, Bahamas, Costa
Rica, Bermuda, Grenada, Southern Mexico, Colombia,
Ecuador and Brazil [12]. In southeast Asia, soursop is cul-
tivated in Malaysia, Vietnam, Indonesia and Philippines as
well as in Africa specifically in Nigeria [12, 13]. In Philip-
pines, annual production was estimated to be around 8500
tonnes [14] while annual production of soursop in Mexico
was approximately 35,000 metric tonnes in 1997 [12].
Hawaii produced around 16,000 1b per acre (roughly equal
kg/ha). Puerto Rico estimated production was reported to be
around 5000-8000 1b per acre [12, 15, 16]. Futuristically,
the sporadic increase in human population across the globe
may necessitate more fruits consumption thereby increasing
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Fig. 1 Whole soursop fruit its pulp and seed

the demand for fruits including soursop. Hence it is antici-
pated that countries associated with soursop production
could maximize its cultivation and distribution to boost
their nation’s revenues.

Soursop has a white pulp that consist of a distinctive
sweet taste and aroma making it appealing to consume [17].
These sensory attributes offer additional advantage when
considering market acceptability of the soursop pulp prod-
uct or as co-ingredient in food industries [18, 19]. The pulp
press remaining (by-product) consists of fiber and may serve
as a potential additive in animal feed. Nevertheless, public
and market awareness of the beneficial nutritive composi-
tion of soursop appears to be undermined. It is generally
known that consumers only focus on the juice in the fruit
for consumption and satisfaction while the skin and seeds
are often discarded which contribute to waste. Elsewhere,
Santos et al. [20], reported that huge wastes or leftovers
are generated in the industries during juice extraction from
soursop and they consisted of the peels, seeds, pulp press
etc. It is important to investigate the nutritional composi-
tion, biological functions and potential applications of these
wastes. Valorisation of the waste or fractions remaining into
useful ingredients or compounds can further boost income
and production. While strategies can be developed to reduce
the generation of these wastes at postharvest levels and par-
ticularly in the industries.

Furthermore, it is known that food and pharmaceutical
industries are seeking for nutritive ingredients from natural
and cheap sources to meet the teeming consumer demand
for healthy based food products. Therefore, opportunities
exist for valorisation of soursop fruits, extracts, and seeds
for it to be incorporated as an ingredient into developed
nutritive products or supplements. In terms of scientific
contribution, a review of the nutritional characteristics, dif-
ferent extractions methods employed to obtain extracts and
biological functions of soursop fruits, extracts and seeds and
general application of soursop (fruit, extracts and seeds) as
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= Soursop pulp extract (potential sweetener and pulp
press (rich in fiber)

= Soursop seed and skin (rich in polyphenols)
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reported in different literature could give wholistic informa-
tion which can serve as a guide to unlock the full potentials
of soursop fruit.

Bioactive Compounds and Constituents of
Soursop Pulp, Fruit and Seed

Natural bioactive compounds consists of phytochemicals
and they help to improve human health [21, 22]. It has
been reported that 40% of the drugs that was developed for
medicinal use are derived from natural bioactive compounds
[23]. These compounds are grouped into primary (carbohy-
drate, vitamins, ash, minerals protein, and fats) and second-
ary (polyphenols, flavonoids, alkaloids etc.) metabolites in
plants [24]. Bioactive compounds are known to contribute
to the different biological functions derived from soursop.
The challenge associated with bioactive compounds is that
they need judicious selection of unique or combination of
several extraction techniques alongside sophisticated puri-
fication procedures to obtain purified extract with efficient
biological activities. Some of the prominent bioactive com-
pounds are presented in Table 1.

The crude carbohydrate content in soursop pulp and seed
was reported to be 32.87 and 13.90%, respectively [25].
Soursop (particularly the pulp) consist of polysaccharides
which are heavy molecular weights carbohydrates joined
by glycosidic bonds which contribute to biological activi-
ties [26]. These polysaccharides contributes to the structural
changes in the cell wall structure of soursop fruit during rip-
ening and result to loss of firmness [27]. The presence of
cell wall degrading enzymes such as pectin methyl esterase,
cellulase and polygalacturonase have been attributed to the
softening of the pulp during ripening [27]. Nevertheless,
polysaccharides are known to be costly owing to the purifi-
cation process during their production for commercial use.
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Table 1 Some bioactive compounds reported in pulp, seed and skin of soursop as reported in literatures

Bioactive compounds Pulp Seed Skin (peel) References
B-amyrin + [48]
p-Anisic acid + [48]
4-Aminobenzoic acid + [48]
Apeginin + [48]
Benzoic acid + [49]

3,4 Dihydroxybenzoic acid + [48]
Caffeic acid + [48,49]
Dicaffeoylquinic acid + [50]
Catechin + [48]
Carnosol + [48]
Chlorogenic acid + + + [48, 49]
Chrysin + [48]
Cinnamic acid + + + [48-51]
Coumaric acid + [49, 50]
Cyanidin + [51]
Ellagic acid + [48]
Ferulic acid + [48]

Gallic acid + + + [48,49]
Kaempferol + [52]
Protocatechuic acid + + + [49]
Quercetin + + [49, 51, 53]
Resorcinol + [51]
Salicylic acid + [48]
Sinapic acid + [48]
Syringic acid + + + [48, 49]
Vanillic acid + + [48]
Vanillin + + [48,51]

The sign (+) indicated the presence of the listed bioactive compounds in the pulp, seed and skin/peel

Dietary fiber are polysaccharides such as such as resis-
tant starches, inulin, hemicellulose, pectin, cellulose and
gums [26]. It is well reported that the dietary fiber impact
the digestion and absorption in the gastrointestinal tract
owing to their structural complexity [26]. Furthermore, the
consumption of dietary fiber have been linked to the reduc-
tion of chronic disease particularly those related to the gas-
trointestinal tract [26]. They also assist in gut performance
and functioning [28]. Low cholesterol and blood sugar
levels are associated with the presence of dietary fiber in
human health [29]. The fiber content of 0.78-0.95% dw [11]
and 44.46+1.13% dw [26] was reported in soursop pulp and
peel, respectively.

Saponins are glycated secondary metabolites that is
mostly found in soursop seeds and they contribute to the
astringent and bitter taste of soursop seed. Onyechi et al.
[30] reported the saponin content of soursop seed to be
8.41 mg/100 g. Elsewhere, saponin content in aqueous
extract of soursop seed was reported to be 1.2+0.1 mg [31].
Saponins are known to be beneficial because they contribute
to the anti-bacterial, anti-inflammatory, neuroprotective and
antioxidants activities [32].

Polyphenols are the outcomes of biologically active
plant that undergoes secondary metabolism [33]. Polyphe-
nols consist of hydroxyl groups with one or more aromatic
rings in its structure [34]. These polyphenols contribute to
the taste and may also affect the functionality of soursop
fruit. The total phenolic content in soursop pulp and seed
extracts ranged between 19.84 and 50.15 mg catechin
equivalents/g and 5.06-202.17 mg-catechin equivalents/g
[35]. Flavonoids contents in the pulp was reported to be
224.7+3.48 mg quercetin/g dw [36]. Elsewhere, the total
phenolic and flavonoids content in the fresh pulp were
160.28 mg of GAE/100 g and 87.17 mg of quercetin/100 g,
respectively [37]. Different protocols explored during these
studies as well as variation in starting samples may account
for differences in the polyphenol composition.

Soursop pulp consist of high amounts of water (76—
83%), trace amounts of lipids (0.67-0.85%), proteins (0.26—
1.03%) [11, 38—40]. The pulp also contain trace amount of
minerals such as calcium (10.3), phosphorus (27.7), iron
(0.64) and magnesium (0.04) in mg/100g [11]. It also con-
sists of some vitamins such as A, B, B,, B;, C and E in
14.45, 0.11. 0.05, 1.28, 29.6 and 29 in mg/100 g as well
as amino acids such as tryptophan (11), methionine (7) and
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lysine (60) in mg/100g [11]. Esters of aliphatic acids e.g.
methyl 2-butenoate, ethyl 2-hexenoate, methyl 2-hexenoate
and methyl 2-octenoate were identified as essential oil com-
pounds in soursop pulp using gas chromatographic/mass
spectrometric (GC/FID and GC/MS) [41]. Elsewhere, Bicas
et al. [42] identified essential oil such as mono- and sesqui-
terpenes e.g., 1,8-cineole, (R)-terpineol, a-caryophyllene,
linalool, linalyl propionate calarene in soursop pulp. Essen-
tial oils contains aromatic constituent, a mix of oily liquids
and volatile compounds obtained by hydro, steam or dry
distillation as well as by a mechanical press of a plant or its
part that may require application of heat [43]. Nevertheless,
more studies are recommended to develop an appropriate
protocol for extraction of essential oil that is suitable for
upscale for industrial use.

Soursop fruit consist of bioactive long chain fatty acid
derivatives called Annonaceous acetogenins known as
annonacin [44]. This compound forms a core part of the bio-
activities attributes observed in soursop [11]. Likewise, fla-
vonoid compounds such as Kaempferol and Quercetin have
also been reported in soursop The structure of annonacin is
illustrated in Fig. 2.

,OH

OH

OH OH

Annonacin

Fig. 2 Structure of Annonacin, Kaempferol and Quercetin
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Soursop seed consist of 20-25% mass of the fruit and
has been reported to contain oil of about 22.57% (dw) with
yellow pale colour and protein (27.34%, (dw) trace amount
of phytocompounds such as phytate, tannins, and cyanide
that could be harnessed in human and animal nutrition [11,
45]. This oil possessed functional and nutritional properties
that are related to edible oils from fruits such as cashew nut,
groundnut and coconut [46, 47]. Summarily, the nutritive
and chemical composition of soursop can be harnessed into
nutritive ingredients by appropriate mix and selection of
extraction method.

Extraction of Bioactive Compounds from
Soursop

Extraction is governed by the extent of solubility of the vari-
ous compounds together with other solutes embedded in a
plant matrix [54, 55]. Therefore, a thorough homogeniza-
tion of a plant tissue is crucial in order to enhance extrac-
tion rate [56]. Therefore, factors such as plant component
matrixes, extraction solvent used, temperature and pres-
sure parameters, extraction techniques may improve the
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extraction efficiency [57]. A schematic description on the
principle of extraction is illustrated in Fig. 3.

Judicious extraction of bioactive compounds especially
heat sensitive compound from soursop could enhance their
functional applications [37]. Limited information exist that
aimed to describe the different extraction techniques used
to obtain bioactive compounds or extracts from soursop.
Therefore, this section highlighted some of the extraction
methods adopted for extraction of bioactive compounds
from soursop.

Aqueous and Solvent Extraction

Aqueous and solvent extraction is a recognised inexpensive
method of extracting valuable and bioactive component
from plant material. In different instances, liquid reagent
such as buffer, distilled water, solutions containing lysis or
surfactant are used during aqueous and solvent extraction
[58]. More importantly, food grade reagents are widely con-
sidered for extraction of valuable and bioactive compound
from plant material for consumption. The extraction of
valuable and bioactive compounds using distilled water is
identified as one of the simplest green extraction method
[59]. This method is governed by the ratio of water to plant
material suspension, temperature, stirring and centrifuga-
tion condition and pH. The yield of the extracts is generally
low. For instance, Villacis-Chiriboga et al. [26] obtained
dietary fiber by suspending soursop peel in distilled water
(1:20 w/v) at temp of 80 °C and pH 5.76. This was followed

<> Different treatment conditions to
— distill the bioactive compounds
== - Agitation
m = Hydro distillation
= Soxhlet extraction
A suspension of mill 2 Vgcuum heaﬁn.g
par(ic‘:atse Zf sooursloepdp‘:lp, . MICI’OM{EVO assisted \B
seed and fruit powder extraction
dispersed in a solvent = Enzyme assisted
extraction
= Ultrasound assisted
extraction
= Supercritical fluid
extraction

Benefits and some challenges associated with
different method of extraction

.’\( »

Drastic increase in kinetic energy and
pressure occur in the plant cell which
enhances solution permeability

by filtration of the aqueous supernatant and then precipita-
tion using 95% ethanol. Similarly, Iyanda-Joel et al. [60]
obtained extract from soursop skin following using ethanol
solvent extraction. The limitation of using solvent is associ-
ated with the low yield of compound that is often obtained.

Ultrasound Assisted or Sonication Extraction

The use of ultrasound assisted or sonication assisted extrac-
tion has gained prominent interest when considering extrac-
tion of bioactive compounds from plant material. Ultrasound
involved the use of sound wave whose frequency may range
between 20 kHz and 100 MHz [55]. The use of ultrasound
generates a cavitation in liquids as well as in liquids that
contain solids. This facilitates the accessibility of solvents
into the cell components of the plant material [61]. Ultra-
sonic probe with horn transducers and ultrasonic water
bath are the two different laboratory-based ultrasound that
is widely used. The unique advantage of using ultrasound
assisted extraction over the traditional or conventional
extraction is that this technique requires short processing
time, no organic solvent is required, relatively high yield
and it prevent extract degradation [62]. A typical schematic
example of an ultrasonic system set up is shown in Fig. 4A.
Aguilar-Hernandez et al. [63] extracted acetogenins from
soursop pulp suspended in chlorofoam (1:5, w/v) followed
by UAE extraction using ultrasound system (400 W, 24 kHz
frequency) at acoustic power density of 300 W/cm? with
maximum amplitude of about 175 pm. Though high yield of

J‘(

Cell wall rupturing occur to release the
intact chemical components such as
polyphenols into the solution

2

= Agitation, hydro-distillation, Soxhlet extraction

and vacuum heating requires long incubation
time but they are less expensive.

= Enzymes gives high purity and yield but it is
very costly

= Optimization is necessary for ultrasound/
microwave assisted extraction and
supercritical fluid extraction to increase the
yield.

Further fractionation or separation
techniques maybe carried out and
then selective identification of
bioactive compounds using a single or ‘
combination of chromatography
method.

Centrifugation followed by filtration

Fig. 3 A schematic description on the principle of extraction
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Fig.4 A basic diagram of ultra-sound extraction (A), microwave (B) and supercritical fluid (C) set up

plant constituent can be obtained using ultrasound assisted
extraction but this may require optimization of ultrasound
parameters.

Microwave Assisted Extraction (MAE)

This method is associated with microwave heating of solid
and liquid mixture. The heating is initiated by the micro-
wave irradiation that is absorbed by molecules depending
on their dielectric constant [59]. High dielectric constant
polar molecules such as water (dielectric constant 78.5 at
25 °C) can absorb energy and emit the same which in turn
heat up the system. Low dielectric constant solvent such as
hexane (1.87 at 25 °C) are not sensitive to the microwaves
[59]. The temperature is a vital specification for micro-
wave assisted extraction of bioactive compounds. A typical
schematic example of a microwave assisted extraction set-
up is shown in Fig. 4B. Suzeta et al. [64] obtained extract
from soursop peel using the microwave assisted extraction.
Briefly, milled soursop peel powder was suspended at 1:10
(w/v) in different concentration of ethanol (50, 70 and 96%)
followed by MAE method using a power of 420 W at dura-
tion between 3 and 7 min. Microwave assisted extraction
is energy intensive and may require optimization to obtain
optimum yield of plant extract.

@ Springer

Pressured Liquid and High Hydrostatic Pressure
(HPP) Extraction

Pressured liquid extraction is a process whereby the extrac-
tion solvent is heated up above its boiling point using pres-
sure. This procedure is governed by the concept that higher
temperature greater than those used during conventional
extraction leads to higher solubilization of the desired bio-
active compounds from the plant cell in a solute-matrix
interaction [59].

On the otherhand, HPP extraction induce the biologi-
cal tissues of plant materials owing to liquid pressurization
which can be as high as 1000 bars [65]. The choice of sol-
vent/liquid, duration, operating temperature and pressure
are vital to obtain bioactive compounds using this procedure
[65]. This method is also suitable for extraction of thermally
sensitive bioactive compounds. Although, no studies appear
to have reported the use of pressurized liquid or HPP extrac-
tion to obtain bioactive compounds from soursop fruits,
peels and seeds.

Supercritical Fluid Extraction

Supercritical fluid extraction depends on the liquid and gas
properties, high density and solvent diffusivity to increase
mass transport of bioactive compounds [66]. A typical
schematic example of a supercritical fluid extraction set-
up is shown in Fig. 4C. Mesquita et al. [48] employed this
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concept for recovery of extracts from soursop seeds using a
supercritical CO, at 20 MPa, temperature of 50°C and a sol-
vent flow rate of 0.7 kg/h. The information presented herein
indicated the possibility to extract bioactive compounds
from soursop fruit, peel and seeds. It is capital intensive and
requires energy for optimum functioning.

Enzyme Assisted Extraction

Enzymes are biological catalyst and they can be derived
from diverse sources. e.g. animal organs, bacteria, fruits and
plants extracts [67, 68]. Enzymes assist to disintegrate the
rigid plant cell wall which enhance the permeability and dif-
fusion of solvents into the cell wall components [69]. This
step improved the extraction yield of bioactive materials
obtained from the plant material. The selection of appro-
priate incubation time and temperature, enzyme concentra-
tion as well as optimal pH is crucial to enhance the enzyme
activity. Chang et al. [70] obtained a puree from soursop
pulp using enzyme treatment such as Fungamyl® 800 L,
Celluclast® 1.5 L, Pectinex® Ultra SP-L at a concentra-
tion of 1.5% (v/w). Overall, extraction of desired bioactive
components from soursop following the appropriate selec-
tion method could enhance their biological function in cells,
food systems or as bioactive ingredients in food products.
It is well documented that enzymes are very costly and if
considered for extraction may impact the overall cost of the
extraction process.

Bioactivities of Soursop

Extracts from soursop (skin, peel and seeds) have been
tested for a wide range of bioactivities such as antioxidant,
antidiabetic, anticancer etc. The result of some of the find-
ings in the literature are summarized in this section.

Antioxidant Activities

Antioxidants are known in the human body cells, food
system and tissues to limit oxidative destruction from free
radicals [71, 72]. Reactive oxygen species (ROS) and free
radicals are products of cellular respiration in human body
and also in aerobic organisms [73]. Due to their instability
free radicals react swiftly with other molecules in humans
which result in cell or tissue damage to the body. Also, they
can trigger some known diseases such as heart disease, can-
cer, Alzheimer’s and Parkinson’s disease [74]. In a food sys-
tem, reactive oxygen species and free radicals are known to
promote lipid oxidation in food products while processing
and storage which produced toxic reaction products as well
as unwanted off flavour [75]. Hence, synthetic antioxidants

like propyl gallate (PG), butylated hydroxyl anisole (BHA),
butylated hydroxyl toluene (BHT) and tertiary butyl hydro-
quinone (TBHQ) are used. However, synthetic antioxidants
are reported to be carcinogenic [76]. This shifted attention
to natural antioxidants from food.

Some of the investigations on antioxidant activities
of soursop skin, pulp and seeds are presented herein. For
instance, Lee et al. [77] reported the antioxidant activities
of extracts from peels of soursop following tested bioas-
says such as DPPH radical scavenging assay, ABTS radical
inhibition activity, 3-Carotene linoleate bleaching assay and
Ferric-reducing antioxidant power (FRAP). The ECj, values
of the extract was observed to be 1179.96 and 145.12 pg/ml,
from DPPH and ABTS assays, respectively. The study also
showed that 3-Carotene linoleate bleaching assay (80.08%)
and FRAP value (58.9 pg TE/ml extract). It was concluded
that peel from soursop could serve as cheap source of natu-
ral antioxidants for use in the food industries. This was cor-
roborated by Iyanda-Joel et al. [60] investigation whereby
ethanolic extract from skin of soursop exhibited some anti-
oxidant properties at the tested concentration.

Extract from different parts of soursop including the pulp
was subjected to DPPH radical scavenging assay, Ferric-
reducing antioxidant power (FRAP) assay and Hydroxyl
radical scavenging ability. The tested extracts indicated
varying capacities of antioxidant activities in various assays
[78]. This correlated with the report from Adefegha et al.
[72] that soursop fruit (seed, pulp and pericarp) have anti-
oxidant activities. Studies from Martinez-Mendoza et al.
[79] on fermented soursop pulps and further confirmed their
antioxidant activities.

Antidiabetic and Anticancer Properties

Natural plant extracts with antidiabetic properties was
reported to be preferred than using medication for manage-
ment of diabetes because they can increase insulin genera-
tion and lower intestinal glucose intake [80]. It was also
reported that the current medications used for the manage-
ment of diabetics are effective but they possess some nega-
tive side effects such as disruption of genetic and metabolic
pathway [80]. Meanwhile, soursop fruit extracts demon-
strated inhibitory effect on a-amylase and a-glucosidase
activities by altering blood glucose level and their inhibi-
tion which significantly reduce the postprandial increase of
blood glucose [72, 81].

Increase risk of exposure from chemotherapy and radio-
therapy treatment for cancer have prompted continuous
search for bio-materials from natural sources that have anti-
cancer properties [7]. Meanwhile, soursop fruit have been
investigated for its growth inhibition against cancer cells
using lung carcinoma cell lines, solid breast cancer, colon

@ Springer



3658

Waste and Biomass Valorization (2026) 17:3651-3665

and prostate adenocarcinoma cell lines have been reported
[82, 83]. Another study further established the efficacy of
pulp and peel extract from soursop to function as as antican-
cer agent when tested on liver cancer Hep2 cell line to con-
firmed their activities against cancerous proliferation [84].

Briefly, the highlights presented above are pointer to the
potential biological functioning of soursop. Nevertheless,
more investigations is suggested when considering appro-
priate safety consumption of bioactive compounds from
soursop and their applications as bioactive agent in nutra-
ceutical products.

Traditional Medicinal and Therapeutic
Application

The evolution soursop fruit application have been in exis-
tence from ancient times [85], whereby soursop fruits with
seeds were prepared alone or in addition with other herbal
component to make decoctions, juices, infusions for tradi-
tional use to manage human ailments and diseases. Coun-
tries such as Bolivia, Brazil, Malaysia, Nigeria, Thailand,
Uganda and in many other countries across the globe were
known to engaged in ortho-medical practices using different
plants and fruits sources including soursop [86]. However,
the mechanism, mode of action and bioactive compounds
responsible for these therapeutic activities could not be
validated in ancient times due to limited scientific exploi-
tation. Modern scientific investigations and findings have
identified the presence of bioactive compounds and their
therapeutic mechanisms in soursop that explained their
therapeutic function in traditional medicine. Some of the
reported orthodox applications are briefly presented in this
section and highlighted in Table 2.

Soursop fruit was prepared as juice for management and
treatment of different diseases such as kidney disorder and
hypertension in Bolivia [87], diarrhea, lactagogue, astrin-
gent and dysentery in Brazil [11], for inflammation and

febrifuge treatment in Colombia [88], stomach pain and
hypertension in Malaysia [89], dysentery and diabetes in
Mexico [90], decoctions and juices are made from unripe
fruit, seed as well as leave for treatment of prostate can-
cer, diabetes neuralgia, rheumatism, gastric disorders and
arthritic pain in Nigeria [91-93], fruit to make obesity,
gastritis, dyspepsia, diabetes, inflammation in Peru [11],
decoctions are made from seed with leaf, bark and root for
treatment of catarrh, insomnia and febrifuge in Benin [94].
Overall, appropriate scientific innovations may need to be
investigated for extraction of bioactive compounds from
soursop for their development in polyherbal tea or function
food aimed for therapeutic use.

Some Applications of Soursop in in Vivo and
in Vitro Experiments

Some investigations on in vivo and in vitro experiments have
been carried out to investigate the pharmacological activi-
ties of soursop. Analgesic and anti-inflammatory activity of
lyophilized soursop fruit extract was confirmed in a study by
Ishola et al. [95]. Alkaloids compounds such as annonaine,
nomuciferine and asimilobine extracted from soursop fruit
was reported to inhibit 5-HTergic 5-HT1A receptor (anti-
depressive activity) in rats [96, 97]. Elsewhere, Annona-
ceous acetogenins from soursop fruit indicated inhibition
activities against prostate PC-3 cancer cells [98]. Similarly,
bioactive compound cis-mono-tetrahydrofuran rings aceto-
genins from soursop seed indicated crown gall tumor inhibi-
tion, breast MCF-7 and lung A549 cancer cells [14] while
acetogenins inhibited toxicity against human hepatoma cells
[99]. Soursop seed oil orally administered to mice exhibited
antihyperglycemic effect [100]. Liaw et al. [82] reported the
efficacy of acetogenins compounds such as cisannomonta-
cin and muricin against two human hepatoma cell lines, Hep
G2 and 2,2,15 in cytotoxicity assay indicating its efficiency
for treatment of liver cancer.

Table 2 Some soursop constituents used for orthodox medicinal and therapeutic applications

Soursop constituent/preparation Country Orthodox medicinal and therapeutic applications References

associated

with usage
Soursop fruit/juice Bolivia Kidney disorders, hypertension Hajdu and Hohmann [87]
Soursop fruit/juice Brazil Diarrhea, lactagogue, astringent and dysenter Badrie and Schauss [11]
Soursop fruit/juice Colombia Inflammation and febrifuge Betancur-Galvis et al.

[88]
Soursop fruit/juice Malaysia Stomach pain and hypertension Samuel et al. [89]
Soursop fruit/juice Mexico Dysentery and diabetes Alonso-Castro et al. [90]
Soursop unripe fruit with seed and leaf/decoction  Nigeria Prostate cancer, diabetes neuralgia, rheumatism, [91-93]
and juice gastric disorders and arthritic pain
Soursop fruit/pulp and juices Peru Obesity, gastritis, dyspepsia, diabetes, Badrie and Schauss [11]
inflammation

Soursop seed with leaf, bark and root/decoction ~ Benin Catarrh, insomnia and febrifuge Kossouoh et al. [94]
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Table 3 Applications of soursop pulp, seeds, oils and other constituents in food products

Material source Products Result References

Soursop pulp Soursop yoghurt and sour-  Improvement in dietary fiber, vitamin C and total Virgen-Ceceila et
sop frozen dessert polyphenol al. [102]

Soursop, milk and honey Dietary soursop milkshake  Ascorbic acid, antioxidant activity and acceptable sen- Olagunju and

sory characteristics

Yogurt blackberry and soursop developed formulated
beverage

soursop juice and soursop nectar  Yoghurt/probiotic yoghurt

Antioxidant properties

Improved physicochemical properties and antioxidant
activities/acceptable sensory attribute
antioxidant, low glycemic index and sensory attributes

Nutritive and sensory attribute
Nutritive and sensory quality
Sensory acceptability of soursop vinegar was less sour

Sandewa [103]
Zambrano et al.
[104]

Dias and Jayas-
ooriya [106, 108]
Ademosun [107]

Ani et al. [119]
Santos et al. [109]
Hoetal. [112]

and sweeter than commercial vinegar

/pulp

soursop with moringa leaf ice cream

powder

Pineapple, orange and soursop pure and mixed fruit juices
Soursop pulp Beer (beverage)

soursop Vinegar (beverage)
Soursop pulp Inulin-enriched soursop

whey beverage

Maintains the physicochemical and color

Silva et al. [113]

Soursop seed oil cream Exhibited favourable physicochemical properties and De Lima Souza et
was incorporated into creams as emollient and antioxi- al. [114]
dant excipient
Soursop puree Sensory attribute maintained Martinez-Moreno
etal. [115]
Soursop pulp Juice Good sensory attribute Yusof and Ibra-
him [116]
Soursop residue (leftover of Bread Good sensory attribute Saavedra et al.

peels, seeds and squeezed pulp)
flour with wheat flour

Soursop juice Fermented beverage

Good sensory attribute

[117]

Tan et al. [118]

These findings indicated the potential of soursop extracts
from flesh, pulp and seed to function as nutraceuticals agents
in the pharmaceutical industries. A comprehensive clinical/
human trial is deemed necessary to validate their potencies
in the physiological conditions of humans.

Applications of Soursop in some Developed
Foods Products

Soursop is attracted to consumers due to the pleasant and
distinct flavour of the fruit and its white pulp [101]. The
pulp has been marketed in Brazil, North America and
Europe with its application ranging from manufacturing of
food products such as ice-cream, puree, jams, shakes, jel-
lies, yoghurt, syrups and juice blends [101].

Some of the applications of soursop fruit are highlighted
in Table 3. For instance, Virgen-Cecefia et al. [102] inves-
tigated the nutritional and sensory attribute of yoghurt and
frozen dessert formulated with soursop pulp. The result
indicated an improvement dietary fiber (0.92 and 2.17%),
vitamin C (11.25 and 9.84 mg/100 g) and total polyphenol
(243.02 and 490.98 mg/100 g). A drink from blends of sour-
sop, milk and honey (dietary soursop milkshake) was devel-
oped and was subjected to proximate, physicochemical,
antioxidant, sensory and microbial properties [103]. The

formulated milk shake contained ascorbic acid 28.67-44.00
(mg/100 mL), high antioxidant activity. Also, addition
of milk improved their drink also produced a high flavo-
noid content and antioxidant properties (DPPH scavenging
activity) with acceptable sensory characteristics. Similarly,
a developed formulated beverage made from yogurt black-
berry and soursop exhibited antioxidant properties [104].
Akomolafe and Ajayi [105] reported that peel and pulp of
ripe soursop fruit exhibited antioxidant activities. Thus,
they could serve as natural antioxidant for functional food
and pharmaceutical applications. Soursop juice and nectar
were incorporated into yoghurt formulations with compari-
son to that without soursop which serve as control [106].
These formulations were tested for physicochemical and
antioxidant properties. Soursop juice yoghurt had nearly
two times high protein (7.67%) content when compared to
control (4.34%). Soursop nectar developed yoghurt indi-
cated the highest sensory acceptance. Highest DPPH radical
scavenging percentage was observed in soursop juice yogurt
(13.87% —85.53%) followed by soursop nectar yogurt
(4.13% —71.96%) than the control (0.44% —17.92%). The
developed yoghurts exhibited desirable sensory attributes
with improved physicochemical and antioxidant activities.
Investigations on soursop ice cream with moringa leaf pow-
der possessed good antioxidant, low glycemic index and
sensory attributes [107]. Similarly, probiotic yoghurt using
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soursop, sweet sop and custard apple with acceptable sen-
sory attribute have been developed [108].

Natural fruits blend from pineapple, orange and sour-
sop was processed and subjected to nutritional and sensory
assessment. The blend of 30% Pineapple, 30% Orange and
40% Soursop had crude protein 1.1%, fat 0.5%, dietary
fibre 0.46% and calorie 0.9% with carbohydrate 18.68%.
It also possessed good sensory properties such as aroma
taste, sweetness, flavour and overall acceptability. Sour-
sop pulp was incorporated into craft beers (beverage) and
from the study ash 0.2 g/100 g, lipids 0.02 g/100 g, proteins
0.14 g/100 g and, among minerals, calcium and sodium
were predominant in the beverage. The beverage also was
reported to showed acceptable sensory quality [109].

Vinegar is referred to as a healthy beverage due to its
ability to lowers blood sugar in the presence of probiot-
ics [110]. Production of vinegar from fruit uses the sugar
naturally present in the fruit, which gives a vinegar good
organoleptic properties [111]. A study on the fermentation
of soursop juice using alternative starter cultures (yeast and
mushroom) to produce soursop wine (alcoholic fermenta-
tion). It was concluded that alcoholic beverage can be pro-
duce from soursop fruit [112].

Inulin-enriched soursop whey beverage, a prebiotic car-
bohydrate was produced and analyzed using supercritical
fluid carbondioxide which did not alter physicochemical
and color changes in the prebiotic whey beverage pro-
cessed [113]. A study on the possibility of extracting oils
from soursop seed industrial waste have been conducted
[114]. In the study, the soursop seed was subjected to dif-
ferent mechanical and chemical means of extraction. The
oils obtained exhibited favourable physicochemical prop-
erties and was incorporated into creams as emollient and
antioxidant excipient. The findings suggest that the oils can
be used as emollient and antioxidant to replace the synthetic
ingredients incorporated (butylhydroxytoluene, liquid pet-
rolatum and decyl oleate), originated formulations with
adequate physical and chemical stability. Soursop puree was
processed through the combined effect of vacuum, heat and
ultrasound (vacuum-thermosonication). The study reported
that the processing conditions did not alter the sensory
attribute of the soursop puree. It was recommended that
the puree could be used in fruit based-beverages (juice and
nectar) as well as in milk and its derivatives [115]. Soursop
juice was extracted from the pulp with the aid of pectinase
enzyme. The use of the enzyme increased the yield by 41%
with a good sensory attribute [116]. Partial incorporation
of soursop residue (leftover of peels, seeds and squeezed
pulp) flour with wheat flour was used to develop bread with
good sensory acceptability [117]. Tan et al. [118] developed
a fermented beverage (Kombucha) using a combination of
soursop juice, sugar and black tea. It is known that food

@ Springer

structure, physicochemical properties as well as processing
of soursop skin (exocarp), pulp and seeds can greatly affect
the bioacessibility of inherent phytochemical and constitu-
ent nutrients. Hence, soursop skin (exocarp), pulp and seeds
and associated developed food products should be assessed
for bioacessibility and biodigestibility prior to commercial
production and consumption.

Considerations for Future Outlooks

Soursop skin (exocarp), pulp and seeds have unique compo-
sitions that are useful in a wide range of food applications,
pharmaceuticals, cosmetics and in agriculture (animal feed)
and even in non-food products (bioplastics or biodiesel).
These diverse potential applications, if properly harnessed,
can generate more income to the growth and development of
regions that grow soursop fruit. GC-MS analysis of soursop
pulp indicated the presence of essential oil such in a study by
Gyesi et al. [120]. The essential oil identified were basically
aliphatic compounds and phytosterols. In general, essential
oils are known to contribute to biological functioning such
as oxidative stability owing to the numerous diverse com-
pounds that are present in these oil [121]. Huang et al. [122]
reported the possibility of essential oil to function as antimi-
crobial and for seafood preservation. Therefore, it may be
necessary to further investigate the possibility of soursops
functioning as antimicrobial to expand their range of appli-
cations in food industries.

The synthesis of bio-flavour based on bioconversion
of food waste using micro-organisms is gradually gaining
prominence because it limit the use of expensive chemical
components in media formulation and allows economical
production of flavorant by fermentation [123]. The concept
involves using enzymatic, microbiological and biotechno-
logical methods to obtain the desired flavour compounds.
Elsewhere, Kowalska et al. [124] reported the possibility
of essential oil to serve as flavorant. Thus, opportunities
exist for the use of essential oil from soursop for use as a
flavorant.

The concept of zero waste by valorisation of waste may
be a useful concept when considering the application of
soursop seed press by products (cake). It is known that seed
press byproducts are source of fibers, vitamins, minerals,
phenolic compounds and may found useful applications in
different products [125]. For instance, these byproducts may
be used as additives in animal feeds and as flour or concen-
trate for use in confectionery industries. On the other hand,
remnants from the soursop pulp press which can serve as a
fiber source may also be considered for use as concentrates
in roughages.
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Extraction and identification of bioactive compounds
from soursop provides convincing evidence to support their
potential use in future drug discovery systems, especially
in the key areas such as antioxidant, antidiabetic and anti-
cancer functioning. It can also serve as a guide when con-
sidering unlocking their full therapeutic potential. It is an
established fact that consumer demand for new health prod-
ucts is increasing which has challenged food industries to
innovate and developed new food products based on scien-
tific findings. This creates an opportunity for the consider-
ation of soursop pulp and seed oil which can be fractionated
to obtain different nutritive ingredients such as fiber, sugars
and oil suggest for development or enhancement of new or
existing products.

The issue surrounding sustainable production of fruits
such as soursop may need to be revisited. This is very
important particularly for industries who are interested in
developing products on a large scale using bioactive mate-
rial from soursop. Furthermore, different laboratory stud-
ies and protocols currently used for extraction of bioactive
compounds from soursop may need to be tested on a large
scale to ascertain the extraction efficiency when considering
obtaining nutritive and bioactive compounds from soursop
in large quantities. This will allow industries project fea-
sibility cost and likely profitability when proposing large
scale products development from soursop fruits and its
byproducts.

Conclusion

This review inferred that soursop (specifically the skin,
pulp and seed) possess enormous nutritive and phytochemi-
cal components. Careful selection of extraction procedures
can be followed to obtain bioactive compounds in soursop.
These bioactive compositions were responsible for their
promising biological functions. Some of the studies reported
on the applications of soursop in beverages and food prod-
ucts confirmed that they can used as nutritive ingredients
in the food industries. New and existing food, agro-allied
and pharmaceutical industries should consider incorporat-
ing ingredients developed from soursop in the formulation
of functional food/feed products.
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