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ABSTRACT

Annona muricata L. (soursop fruit) is a seasonal plant with bio-geographical distribution in tropical
and subtropical climates. This study evaluated the proximate, phenolic, and antioxidant properties
of different parts of soursop fruit. The influence of oven and solar drying on phenolic and
antioxidant activities of extracts (pulp, seed, and peel) were assessed. Proximate analysis on
different parts of the soursop fruit showed the pulp to have high carbohydrate (32.9% + 0.3) and
moisture (19.1% = 1.0). The seeds however contained higher crude fat (37.5% + 1.2) and protein

ARTICLE HISTORY
Received 27 March 2023
Accepted 11 June 2023

KEYWORDS

Soursop fruit parts; phenolic;
antioxidant activity;
nutritional properties

(25.0% =+ 0.1) contents. Total phenolic content of the seeds (8.7 mgGAE g~ + 0.1) was higher than
that of the pulp and the peel (8.6 mgGAE g~' + 0.1). The solar-dried fruit parts demonstrated
superior antioxidant activity to the oven-dried parts. Extracts from the solar-dried soursop fruit
samples, especially the seed, can serve as useful therapeutic ingredient for diet supplementation
and could also be exploited for its high oil and protein contents.

1. Introduction

Soursop is cultivated in most parts of the world owing to its
potential health benefits. It is known scientifically as Annona
muricata L. and belongs to the family Annonaceae (Coria-Téllez
et al,, 2018; Moghadamtousi et al., 2015). Soursop is described
by other common names such as guayabano (Philippines),
guanabana (Spanish), corossol epineux (French), sirsak
(Indonesia), and graviola (Brazil). In Ghana, the soursop fruit is
popularly known as “aluguntugui” in Ga, “aborofontungu” (Twi)
and in Ewe as “evo”. The fruit is dark green, prickly, and ovoid
with juicy, acidic, whitish, and aromatic pulp (Coria-Téllez et al.,
2018; Moghadamtousi et al., 2015). Soursop has increasingly
gained global importance due to its medicinal, nutritional,
flavor and color attributes (Adeola & Aworh, 2010). Annona
muricata L. has been attributed with numerous health benefits,
which are linked to its antioxidant potentials (Agu et al., 2017).
The fruit is reported to be rich in flavonoids and phenols (Agu
et al.,, 2017).

Soursop has a high moisture content, which makes the
fruit deteriorate a few days after harvest. Post-harvest losses
of the fruit have been estimated to range from 40% to 60%
due to improper processing, handling, packaging, and trans-
portation (Gustavsson et al., 2011). Soursop waste generated
during fruit processing into juice, puree, and jellies is about
33% of the whole fruit (Mesquita et al., 2021). The fruit is
highly susceptible to spoilage and softens very rapidly dur-
ing ripening (Okigbo & Obire, 2009). Due to its perishable
nature, physical and biochemical changes lower the organo-
leptic acceptability and commercial value of the fruit (Neta
et al.,, 2019; Okigbo & Obire, 2009; Vwioko et al., 2013). Post-
harvest treatments such as drying can be used to increase

the shelf stability and concurrently maintain the nutritional
quality of the soursop fruit (Moreno-Hernandez et al., 2014).
Fruits have been subjected to varied drying techniques to
reduce moisture, slow degradative reactions, substantially
reduce weight, and minimize costs associated with packa-
ging, storage, and transportation (Borsini et al., 2021). The
drying technique and conditions used can nonetheless
negatively influence organoleptic, nutritional, and bioactive
properties of the fruits. Hot air drying is the most commonly
used drying technique (Borsini et al., 2021). Hot air tempera-
tures between 30 to 60°C have generally demonstrated and
maintained high levels of bioactive compounds, whereas
extreme temperature treatments (80 to 100°C) induced
structural changes and resulted in loss of bioactive com-
pounds (Tsurunaga et al, 2022). Comparatively, although
solar drying has a slower drying rate, the energy source is
environmentally friendly and economically viable for devel-
oping countries in the tropics and subtropics (Hossain &
Bala, 2007). The aim of the present work, therefore, was to
investigate the proximate and antioxidant properties of dif-
ferent parts of the soursop fruit subjected to varied drying
conditions in order to evaluate their potential as useful
functional ingredients in food formulations.

2. Materials and methods

2.1. Materials

The chemicals and reagents used for analysis included vitamin
C, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azino-bis,3-ethyl-
benzothiazoline-6-sulfonic acid (ABTS), acetate buffer, TPTZ,
and gallic acid purchased from Sigma Chemical Co. (St. Louis,
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MO, U.S.A). Folin Ciocalteu phenolic reagent was purchased
from Merck (Darmstadt, Germany). Sodium carbonate
(Na,COs), sodium nitrate, aluminum chloride, sodium bicarbo-
nate, HCl, and FeCl; were bought from May & Baker
Chemicals (Dagenham, E.). All the chemicals used were of
analytical grade.

2.2. Sample source

The soursop fruits were obtained from a farm at Bame in
the Ho West district of the Volta Region of Ghana. The
region has a bi-modal climatic condition with two rainy
seasons (major season from March to June, and minor
season from July to November). Mean annual rainfall fig-
ures are between 120.1 mm and 192 mm (Darko et al.,
2021; Ghana Statistical Service [GSS], 2014). Annual mean
temperature ranged from 22 to 32°C, and humidity from
68% to 83%. Annual mean sunshine hours is between 319
and 371 h. The soursop fruits were harvested in January,
2021, and kept in a —20°C freezer (Protech PRCF-500,
China) until use. The fruit was separated into different
parts to investigate the fruit component with optimum
phenolic and antioxidant compounds.

2.3. Study size and design

Proximate analysis was carried out on oven-dried soursop
pulp and seed samples (n=2). For antioxidant activity and
phenolic and flavonoid contents analysis, a 3 x 2 factorial
design was used, resulting in a total sample size of six (n=
6). The factors used were fruit parts (pulp, seed, and peel)
and drying technique (oven and solar). Oven drying was
done at 60°C for 24 h and solar drying was done between
30 and 36°C for 120 h (5 days).

2.4. Proximate analysis of fruit pulp and seeds

Proximate composition of the fruit was carried out using
Association of Official Analytical Chemists methods, to
determine the moisture, ash, crude fat, crude fiber, crude
protein, and carbohydrate contents of the samples (AOAC,
2005). Protein was calculated from total nitrogen using the
conversion factor 6.25. Carbohydrate was determined by
difference.

2.5. Phenol extraction

The peel, seed, and pulp of the soursop fruit were milled
into fine powder. Samples (15 mg) were transferred into
a conical flask and 75 ml of absolute methanol was added
(Darko et al., 2021). The samples were covered with alu-
minium foil to minimize evaporation and allowed to stand
for 24 h under ambient temperature (~25°C), away from
light. After 24 h, the mixtures were filtered using a filter
paper. The filtrates were transferred into pre-weighed
petri dishes and evaporated at 45°C using an oven
(Binder Heating and Drying Oven, Tuttlingen, Germany)
to remove the methanol. The extracts obtained after dry-
ing were used for total phenol content and antioxidant
activity determinations (Obeng et al., 2020).

2.6. Antioxidant activity determination

2.6.1. 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity assay

According to methods described by Dzah et al. (2019) with
some modification, 20 pL of extract (2mgmL_1) and 980 pL of
0.1 mM DPPH solution were mixed. The reaction mixture was
allowed to stand at 4°C for 30 min and absorbance measured
spectrophotometrically at 516 nm against blanks. The
decrease in absorbance was proportional to antioxidant
activity (AA) of extracts, calculated according to Equation (1).

absorbance of control — absorbance of sample

% inhibition =
¢ absorbance of control

x 100 (1)

2.6.2. 2,2"-Azino-bis(3-ethylbenzthiazoline-6-sulphonic)
(ABTS) acid scavenging activity

The ABTS scavenging activity was determined using meth-
ods reported by Re et al. (1999) with slight modifications.
ABTS stock solution (7 mM) and potassium persulfate (2.4
mM) were mixed according to 1:1 ratio to generate ABTS
free radicals after 16-h incubation in the dark. A working
solution of 0.1 mM ABTS solution was obtained from the
ABTS radical solution. Vitamin C (50 pl) and 50 pl of extracts
each were added to 150 pl of ABTS in a 96-well microtiter
plate. Samples were incubated at room temperature for 30
min. The absorbance of the samples was read at 734 nm. The
radical scavenging activity was calculated as percentage of
the control sample as:

absorbance of control — absorbance of sample

% Inhibition =
? absorbance of control

x 100 (2)

2.6.3. Ferric reducing antioxidant potential (FRAP) analysis
This method is based on the reduction of colorless ferric complex
(Fe** tripyridyltriazine) to blue-colored ferrous complex (Fe?*
tripyridyltriazine) by the action of electron-donating antioxidants
at low pH. The working FRAP reagent was prepared by mixing
30ml of acetate buffer (pH 3.68) and 3 ml of 10 mM TPTZ
(2,4,6-tri(2-pyridyl)-s-triazine) in 3 ml of 20 mM ferric chloride
and 40 mM HCI (Obeng et al.,, 2020). All the required solutions
were freshly prepared before being used. FRAP working solution
(0.3 ml) was placed in a test tube and 30 pl of the sample was
added. The solution was vortexed and incubated for 30 min at
37°C and absorbance was determined at 593 nm. The value for
FRAP was calculated by:

absorbance of sample

FRAP value =
value absorbance of vitamin C

3)

2.7. Determination of total phenolic content

Total phenol content was estimated using the Folin
Ciocalteu method (Darko et al., 2021). Folin reagent (10%)
and sodium carbonate (20%) were freshly prepared. Samples
(100 pl) were placed in test tubes and 500 ul of distilled
water was added, subsequently followed with 100 ul of
Folin Ciocalteu’s reagent. The mixture was vortexed and
allowed to stand for 6 min. Sodium carbonate (20%) and
additional 500 ul of distilled water was added, and the
resulting solution was incubated for 90 min at 25°C. The
mixture (200 pl) was placed in a 96-well microtiter plate
and absorbance (750 nm) was read. Total phenol content
of each sample was determined in Gallic Acid Equivalent
(GAE) mgg™' on dry weight basis.



2.8. Statistical analysis

Statgraphics (Graphics Software System, STCC, Inc. US.A)
was used to analyse data. Comparisons between the differ-
ent samples were done using analysis of variance (ANOVA)
and differences between means were determined with LSD.
Correlation tests were also carried out to establish the rela-
tionship between the antioxidant properties of the different
dried soursop fruit parts. A probability value of p <.05 was
considered to be statistically significant for the tests carried
out. The statistical software XLSTAT was used to perform
Principal Component Analysis (PCA) among the antioxidant
properties. All measurements were calculated from values
obtained from duplicate assays.

3. Results and discussion
3.1. Proximate composition of soursop fruit pulp and seed

Results of the proximate composition of oven-dried soursop
fruit pulp and seeds are shown in Table 1. The proximate
analysis of the soursop pulp revealed a decreasing trend,
which was carbohydrate > fat > moisture > protein > crude
fiber > ash whilst soursop seed demonstrated an increasing
trend (ash < moisture < carbohydrate < crude fiber < protein
< fat). Although fat content was appreciably high in both
seed (37.5% % 1.2) and pulp (24.07% £ 0.1) samples, the pulp
had a higher carbohydrate content (32.9% + 0.33), whereas
soursop seeds demonstrated higher protein content (25.0%
+0.0). The crude fat content for the pulp (24.1% *+0.1)
exceeded values (9.8%) obtained by Akomolafe and Ajayi
(2015). Also, the high carbohydrate content of the pulp
contributes to its sweet taste and energy value. The protein
content of the seeds in this study was higher than the value
(17.6%) obtained by Olabinjo (2019) and the reported pro-
tein contents of watermelon (21.5%), orange (20.2%), grape
(21.4%) and white roselle (22.7%) seeds (Cho et al., 2004).
Postharvest quality of fruits is significantly influenced by the
moisture content. The moisture content of the soursop seed
(4.7%) was relatively lower than the pulp (19.1%), and this is
indicative of their higher microbial and shelf life stability. The
moisture contents of the oven-dried soursop fruit pulp in
this study were lower than values reported for freshly har-
vested Nigerian soursop fruit (80.3%; Ekpete et al., 2013),
Annona squamosa (78.5%; Abdualrahman et al, 2019).
Dried fruits with adequate nutritional quality have been
produced by employing appropriate drying techniques, tem-
perature, and time (Abe-Inge et al., 2018). Ash levels of the
pulp and seed samples were within the same range (3.2 to
3.5%), and this is indicative of the mineral content of the
soursop fruit that can act as inorganic co-factors (Iheanacho
& Udebuani, 2009). For crude fiber composition, the seeds
recorded a higher value of 15.4% than that of the pulp
(6.5%). Soursop seeds are therefore rich in dietary fiber and

Table 1. Proximate composition of oven-dried soursop fruit pulp and seed.

Proximate composition (%) Soursop pulp Soursop seed

Moisture 19.08 + 0.97 4.74 £ 033
Carbohydrate 32.87 + 0.33 13.90 + 0.58
Protein 14.38 + 0.02 24.95 + 0.03
Crude fat 24.07 £ 0.09 3754 £1.19
Crude fiber 6.47 + 0.96 1541 + 0.31
Ash 3.16 = 041 3.46 = 0.05

Values are means + standard deviations of duplicate determinations.
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can be exploited for utilization in dietary formulations to
positively influence health.

3.2. Antioxidant activity under varied drying conditions

Three different oxidant system assays were used to inves-
tigate the effect of fruit part and drying treatment on the
antioxidant potential of soursop fruits because the food
matrix contained a mixture of different antioxidants with
varied reaction mechanisms (Almeida et al, 2011).
Figure 1 shows the result of DPPH scavenging activity on
oven-dried and solar-dried soursop fruit parts (peel, pulp,
and seeds). The DPPH scavenging activities of the different
fruit samples were significantly different (p <.05).
Irrespective of the drying condition used, the soursop
fruit pulp had the least DPPH scavenging activity (37.8-
67.8%), whereas the seeds demonstrated the highest
activity (90.5-94.8%). The DPPH scavenging activity gen-
erally ranged from 37.8% to 94.8% for oven dried samples
and 67.8% to 94.4% for solar-dried samples. The DPPH
radical activity of the oven dried samples demonstrated
a decreasing trend (pulp < peel < seed). The solar-dried
samples also showed a similar trend except that values
reported for the radical activity of the peel (94.4%) was
slightly higher than the seed (90.5%), although not signif-
icantly different (p >.05). Subsequently, it was observed
that except for soursop seeds, the solar-dried peel and
pulp had a higher DPPH scavenging activity than their
respective oven-dried samples. Thus, drying technique
and temperature employed significantly influenced the
DPPH scavenging activity of the samples analyzed.
Drying at higher temperatures (60-120°C) has been
shown to drastically produce lower antioxidant values
due to degradation of bioactive compounds (Borsini
et al., 2021). However, increased degradation of antioxi-
dants as a function of increased temperature had been
reported in watermelon (Salin et al, 2022). The DPPH
values obtained for the solar-dried samples were generally
comparable with methanolic extracts from the aerial part
of different root vegetables (Mohammed et al., 2022) but
higher than the DPPH of both ripe (17.7%) and unripe
(29.24%) Chrysophyllum albidum fruit (Darko et al., 2021).
The results obtained demonstrated that soursop seeds
and solar-dried fruit parts are good sources of antioxi-
dants. Solar drying, a relatively cheaper preservative
method, proved more advantageous in conserving antiox-
idant compounds compared to oven drying at 60°C.

Figure 1 shows the free radicals scavenging activity of
oven-dried and solar-dried soursop pulp, peel, and seeds
on ABTS. The ABTS scavenging activity of all samples
studied were significantly different (p <.05) and ranged
between 67.2% and 94.6% for oven-dried samples and
73.4% to 91.8% for solar-dried samples. Generally, the
solar-dried peel (91.8%) and solar-dried pulp (73.4%) sam-
ples exhibited high ABTS scavenging activities when com-
pared with corresponding oven-dried samples (77.5%,
67.2%); however, the seeds demonstrated the opposite
trend. ABTS activity of the oven dried samples increased
in the order of fruits parts (pulp < peel < seed). The solar-
dried samples showed a decreasing trend from pulp to
peel, and the ABTS activity of the solar-dried peel (91.8%)
was significantly higher than the corresponding solar-
dried seed (87.4%).
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120 4

DPPH and ABTS Activity (%) of Samples

& DPPH (%)
s ABTS (%)

Oven Dried Solar Dried Oven Dried Solar Dried Oven Dried Solar Dried

Seed Seed Peel

Peel Pulp Pulp

Soursop Samples

Figure 1. The antioxidant activities (DPPH and ABTS) of oven- and solar-dried soursop seeds, pulp, and peel. Different letters on bars with the same pattern

indicate significant differences (p < .05; n = 6).

3.3. Ferric reducing ability of plasma (FRAP)

Figure 2 shows the ferric reducing ability of oven-dried and
solar-dried soursop pulp, peel, and seeds. Values were com-
pared with ascorbic acid. FRAP activity of the samples ranged
from 0.147 mg mL™" (oven-dried pulp) to 1.667 mg mL™" (oven-
dried seed). Irrespective of drying method used, the seed
samples had the highest ferric reducing ability (0.667 to
1.667 mg mL™"), compared to both the peel and pulp, with
the oven-dried pulp recording the least ferric reducing ability
(0.147 mg mL™"). However, for the seeds, the oven dried had
high ferric reducing ability of 1.667 mg mL™" as compared to
the respective solar-dried sample (0.667 mg mL™"). The FRAP
activity of the seed samples were higher than values reported
for C. albidum fruits studied at different maturity stages (0.25 to
0.51 mg mL™"). Again generally as observed for DPPH and ABTS
activities, the solar-dried samples recorded high ferric reducing
ability than the oven-dried samples. For instance, the solar-
dried pulp and peel samples, respectively, recorded FRAP
values of 0.343 and 0.387 mg mL~", whereas oven-dried sam-
ples had FRAP values of 0.266 mg mL™" for the pulp and 0.147
mg mL™" for the peel.

Results of the total phenolic composition of oven-dried
and solar-dried soursop seed, peel, and pulp are pre-
sented in Figure 2. From the figure, soursop seeds had

10 4

FRAP (mg mL™) and Phenolic (GAE g?) Activity

high phenolic activities in terms of both oven- and solar-
dried samples, as compared to both peel and pulp, with
the peel having the least phenolic activity. The oven-dried
seeds had the highest activity (p <.05) of 8.701 mg GAE
g~ compared to the solar-dried samples (8.673 mg GAE
g™"). With regard to the fruit peel, the phenolic activity of
the solar-dried sample (8.655mg GAE g~') did not differ
significantly (p =.05) from the oven-dried sample, which
recorded a value of 8.653 mg GAE g~'. Oven drying at 60
and 70°C have been reported to reduce phenolic com-
pounds in mango and artichoke by-products (Borsini
et al., 2021; Fratianni et al., 2020). Phenolic compounds
are heat sensitive and their chemical structural properties
are significantly altered under extreme temperature con-
ditions, contributing to reduced TPC retention (Llavata
et al., 2022; Salin et al., 2022). The degradation effect of
high temperatures on TPC were also observed in edible
Agastache flowers (Marchioni et al.,, 2021). The reported
TPC of the Agastache (32.26-32.58mg GAE g7
(Marchioni et al, 2021) and that of Hibiscus powder
(31.5-41.9mg GAE g”) (Nguyen et al., 2021) were higher
than values obtained for the soursop fruit parts. However,
values reported in Sargassum fusiforme, a healthy edible
seaweed, were lower (7.85 mg GAE g”). The results are in
agreement with findings of Hazarikaa et al. (2022) that

= FRAP

# Phenolics

Seed Seed Peel

Oven Dried Solar Dried Oven Dried Solar Dried Oven Dried Solar Dried

Peel Pulp Pulp

Soursop Sample

Figure 2. FRAP and phenolic activity of oven- and solar-dried soursop seeds, pulp, and peel. Different letters on bars indicate significant differences (p < .05; n = 6).
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Table 2. Correlation between TPC, DPPH, ABTS acid scavenging activity, and FRAP.

Variables DPPH ABTS FRAP TPC
DPPH 1

ABTS 0943 1

FRAP 0.829* 0714 1

TPC 0.812* 0.667 0.986* 1

**Correlation significant at 0.01 level * Correlation significant at 0.05 level.

Biplot (axes F1 and F2: 98.75 %)

4 _
3 1 DPPH
ABTS
P 1
Solar Dried Peel
°
SN 1
-
= .
N Oven Dried Peel .Solar Dried Seed
=z °
N 0 )
w Solar Dried Pulp
- . ® £ °
Oveh Dried Pulp Oven Dried Seed
2 4
BeP
,3 -
3 2 -1 0 1 2 3 4

F1 (81.64 %)

Figure 3. PCA among the antioxidant properties. TPC = total phenolic content; DPPH = 2,2-diphenyl-1-picrylhydrazyl; FRAP = ferric reducing antioxidant

power; ABTS = 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid).

reported significant loss of active ingredients when herbs
and spices are dried at a temperature of 60°C.

3.4. Correlation between TPC, DPPH, ABTS, and FRAP
antioxidant activities

Pearson’s correlation between total phenolic content (TPC), free
radical scavenging (DPPH), ABTS, and ferric reducing antioxidant
power (FRAP) is presented in Table 2. There was a significant
positive relationship (r=0.943) between ABTS and DPPH. There
was also a positive significant relationship (r=0.829) between
FRAP and DPPH. Additionally, results from the table revealed
a significant positive relationship (r=0.986) between TPC and
FRAP. The relationship between FRAP and ABTS as well as TPC
and ABTS was positive but insignificantly related.

3.5. Principal components analysis (PCA) among the
antioxidant properties

PCA of the antioxidant properties discriminated against the
oven- and solar-dried peel, pulp, and seed samples in this
study (Figure 3). Results from the PCA revealed that solar-
dried seed and solar-dried peel samples contributed to the
free radical scavenging (DPPH and ABTS) activities, the oven-
dried seed also contributed to ferric reducing antioxidant
power and TPC of the fruit parts.

4. Conclusion

The different parts of the soursop fruit (skin, pulp, and seeds)
under different drying regimens (solar and oven drying)
demonstrated high nutritive value and good antioxidant
ability. The potential antioxidant activities of the solar-dried
samples were generally higher compared to the oven-dried
treatment. The soursop seeds also demonstrated superior
antioxidant properties comparative to other fruit parts. The
different fruit parts can therefore be introduced into human
diet, to combat oxidative stress and improve health.
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