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Tis study investigated the nutritional, phytochemical, and biological activities of Chrysophyllum albidum aqueous (CAA) and
ethanolic (CAE) fruit extracts from Lagos. Proximate, vitamin and mineral compositions, phytochemicals, and antioxidant and
antibacterial properties of the extracts were analysed. Tere was no diference in the composition of moisture content, total ash,
carbohydrate, crude protein, fat, fbre, and caloric values in CAA and CAE. Elemental analysis showed the presence of sodium,
iron, zinc, magnesium, calcium, manganese, potassium, and copper, while vitamins B1, B2, B3, B6, B12, C, D, and K were also
present. Te total tannin, favonoid, and phenol contents of CAA were higher than those of CAE; however, CAE elicited stronger
reducing power, antioxidant capacity, 2,2-diphenyl-1-picrylhydrazyl, and nitric oxide scavenging activities than CAA. Te
antibacterial activity of CAA was bactericidal on all tested bacterial clinical strains with the most promising activity against
Pseudomonas aeruginosa. On the other hand, the antibacterial activity of CAE was bactericidal on all tested organisms except
Staphylococcus aureus and Staphylococcus faecalis on which it was bacteriostatic. Te most promising bactericidal activity was
against Staphylococcus epidermidis and P. aeruginosa. Tese fndings conclude the strong antioxidant efect of C. albidum fruit
extracts in addition to a broad-spectrum antibacterial property.

1. Introduction

Chrysophyllum albidum G. Don, also called star apple, is
a plant classifed under the Sapotaceae family and Ericales
order [1, 2]. It is commonly found in the West African
tropics and native to countries like Nigeria, Benin, Cote
d’Ivoire, and Cameroon [3]. Te plant parts are of nutri-
tional and medicinal value, with the fruits served as meals
and desserts, prepared in various local methods into soups,
jams, and salads. C. albidum fruits are commonly called
“Agbalumo” in southwest Nigeria and “Udara” in the eastern
and southern parts of Nigeria [4]. Fruits are consumed in
large quantities as they contain several vitamins and min-
erals required for proper body buildup [5]. Tey are also
a source of economic importance for farmers and marketers

involved in cultivation, logistics, and sales. Studies have
shown that C. albidum fruit has numerous biological and
health benefts. Seeds, fruit pulp, and fruit skin have been
reported to contain sodium, potassium, magnesium, cal-
cium, chlorine, and phosphorus [5]. It is also a rich source of
antioxidants and promotes good health by truncating oxi-
dative stress-related infectious and noninfectious diseases
[2, 6]. Te leaves are used ethnobotanically to tackle skin
eruptions and dryness, remedy malaria and yellow fever,
cure stomachache, and manage diarrhoea. All plant parts are
rich in anacardic acid which is used in resin production and
wood protection [3].

Te antibacterial property of natural products is efective
compared to synthesised agents coupled with their bio-
degradability, reduced toxicity, antioxidant, and other
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infectious diseases abrogative properties [7]. Biologically
active compounds found in these natural products have been
reported to elicit antimicrobial and antioxidant capabilities
and, thus, utilised as an alternative source of therapy that is
cheap and easily accessible to locals [8].Tey also serve as the
basis for the synthesis of a quarter of prescribed medications
in the world [9]. In recent times, there has been a recurrent
challenge of antibiotic resistance worldwide [10]. Tis oc-
currence is a result of novel multidrug resistance patterns
that have been developed by both Gram-positive and Gram-
negative bacteria, making it difcult to properly treat curable
infections or uncurable in some cases using standard clinical
medications [11]. Te increase in clinically signifcant
pathogens resistant to antibiotics has led to the emergence of
new multiresistant strains [12]. Numerous mechanisms are
utilised by these resistant organisms such as drug target site
and/or drug modifcation, acquisition and emergence of
antibiotic-resistant genes, bioflm production, mutation of
efux channels, and induced growth of persister cells, to
impede and overcome the therapeutic efects of various
classes of antimicrobials [13]. Infectious diseases caused by
resistant microbes coupled with unavailable and expensive
new-generation antibiotics with short half-lives are re-
sponsible for increased health costs and the spike in mor-
tality and morbidity, particularly in low-income and lower-
middle-income countries [12, 14]. Te running cost of
synthetic drug production is on the high side coupled with
the negative side efects observed; therefore, the need to
source efective antibacterial agents of natural and accessible
origin or bioactives that could be potential leads for new
antibacterial drugs is imperative [12]. Tis study attempts to
investigate the nutritional, phytochemical, and biological
activities of Chrysophyllum albidum G. Don crude extracts
and their antibacterial efectiveness against clinically re-
sistant bacterial strains.

2. Materials and Methods

2.1. Chemicals andReagents. Vitamins A (palmitate) and D2
were obtained from Ranbaxy Pharmaceuticals Ltd. n-
Hexane and methanol (HPLC grade) were obtained from
Sigma-Aldrich GmbH. Mueller–Hinton and Sabouraud
dextrose agar were bought from Lab M, United Kingdom,
and HiMedia, India, respectively. Folin and Ciocalteu’s
phenol reagent, gallic acid, ascorbic acid, ferric chloride,
Griess reagent, nitric acid, sodium nitrate, 2,2-diphenyl-1-
picrylhydrazyl, aluminium chloride, hydrogen peroxide, and
sodium carbonate were purchased from Solarbio, China.Te
remaining reagents and chemicals were of analytical grade.

2.2. Plant Collection and Preparation. Healthy ripe
C. albidum fruits were procured in May 2012 from Ketu
Market, Lagos, Nigeria (Figure 1). Te fruit sample was
authenticated and identifed by comparing it with a pre-
viously deposited herbarium specimen at the Botany De-
partment, University of Lagos, Nigeria, with the number
4999. Te fruits were thoroughly cleaned with running tap
water, and feshy edible parts were separated from the seeds,

dried at room temperature for 18 days, and crushed in
a Tomas–Willey milling machine. A respective weight of
140 and 150 g of the sample was soaked in 500mL of distilled
water and 98% ethanol for 2 days and fltered with a 125mm
flter paper (Whatman No. 42m) to get an aqueous and
ethanolic fltrate. Te fltrates were then concentrated using
a freeze dryer and a rotary evaporator to yield aqueous
(CAA) and ethanolic (CAE) crude extracts used in the
analysis.

2.3. Microorganisms. Te slants of Gram-positive (Staphy-
lococcus epidermidis, Staphylococcus aureus, Bacillus subtilis,
and Staphylococcus faecalis) and Gram-negative (Klebsiella
pneumoniae subsp. ozaenae, Salmonella typhi, Pseudomonas
aeruginosa, and Escherichia coli) bacterial clinical strains
were subcultured from stock at the Department of Phar-
maceutical and Pharmaceutics Technology, University of
Lagos, and maintained on Mueller–Hinton agar and Sab-
ouraud dextrose broth.

2.4. Proximate, Mineral, and Vitamin Analysis.
Proximate composition analysis of CAA and CAE for
moisture, ash, fbre, crude protein, fat, and carbohydrate was
assessed according to AOAC International standard
methods of analysis [15] in triplicate. Te energy values
(kcal/g) for protein, fat, and carbohydrate were calculated
using the dry sample.

2.4.1. Moisture Content. Te oven-dried crucible was
weighed empty (S1) and then weighed with 2 g of the sample
(S2) and placed in an oven for 12 hours at 105°C.Te sample
was removed, cooled, and weighed (S3). Te moisture
content value was calculated using the following equation:

moisture or total ash(%) �
(S2 − S3)

(S2 − S1)
× 100. (1)

2.4.2. Total Ash Content. Te mufe furnace-dried crucible
was weighed empty (S1) and then weighed with 1 g of the
sample (S2) and placed in a mufe furnace for 4 hours at
550°C. It was removed, cooled in a desiccator, and weighed
(S3). Te total ash content value was calculated using
equation (1).

Figure 1: Ripe Chrysophyllum albidum fruits.
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2.4.3. Crude Protein. One gram of the sample was mixed
thoroughly with digestate (10mL H2SO4 and catalyst, i.e.,
K2SO4 : CuSO4 in a ratio of 8 :1) and heated to obtain a clear
colour. Te mixture was cooled, made up to 100mL with
distilled water before 10mL, and aspirated in a distillation
tube, and thereafter, 10mL of 0.5N NaOH was gently added
to the tube. After 10min of distillation, the ammonia
produced was collected as ammonium hydroxide and mixed
with boric acid (4%, 20mL) and an indicator (methyl red)
before titrating against 0.1N HCl till pink appearance.
Similarly, a blank sample underwent this outlined pro-
cedure, and the crude protein value was calculated using the
following equation:

N(%) �
(S − B) × N × 0.14 × D × 100

weight of sample × V
,

protein(%) � 6.25x × %N(x � correction factor),

(2)

where S is the sample, B is the blank, N is the normality of
HCl, D is the sample dilution after digestion, and V is the
distillation volume.

2.4.4. Crude Fat. A well-wrapped moisture-free sample (1 g)
was placed in an extraction tube ftted with a petroleum
ether-flled receiving beaker, siphoned six times in which the
ether was evaporated, and the beaker was detached before
the last siphoning. Te residue was poured onto a plate,
placed in a water bath to evaporate residual ether, and oven-
dried for 2 hours at 105°C.Te crude fat value was calculated
using the following equation:

fat(%) �
weight of ether sample

weight of sample
× 100. (3)

2.4.5. Crude Fibre. A portion of the sample (150mg, S1) was
weighed in a porous crucible. Preheated sulphuric acid
solution (150mL) and 1-octanol (foam suppressor) were
added to each column before boiling for half an hour.
Tereafter, the acid was removed, and the columnwas rinsed
thrice using distilled water. Te procedure was repeated for
potassium hydroxide before the sample was dried at 150°C
for 1 hour, cooled, and weighed (S2). Te samples were later
heated for 4 hours at 55°C in a mufe furnace, cooled, and
weighed again (S3). Te crude fbre value was calculated as
shown in the following equation:

fibre(%) �
S2 − S3

S1
× 100. (4)

2.4.6. Carbohydrate. Carbohydrate was estimated by sub-
tracting the sum values of other proximate compositions
described above from 100.

Te mineral content of C. albidum dried fruit blend was
evaluated using an atomic absorption spectrometer (Perkin-
Elmer model 2380) as a gram of the sample was placed in
a Vycor dish, oven-dried at 150°C for 1 hour in an air-forced
oven, heated at 550°C for 16 hours in a mufe furnace, and

cooled. Ash was dissolved in nitric acid and made up to
250mL using distilled water. A fame emission photometer
was used to ascertain the sample level of Na and K using
their chloride salts as standards. Atomic absorption spec-
trometry was used to determine all other metals [16].

High-performance liquid chromatography (Agilent 1100
Series Isocratic Pump HPLC) was used to evaluate the fat-
and water-soluble vitamins using ZORBAX SB-C8 columns
75× 4.6mm, 3.5 μm, and 4.6×150mm, 5 µm, at a fow rate
of 1mL/min.

2.4.7. Vitamin B Complex. Two grams of sample was mixed
with 25mL of 100mNH2SO4 solution, heated for 30min at
121°C, brought to room temperature, and adjusted to pH 4.5
using sodium acetate (2.5M). Fifty milligrams of diastase
was added to the mixture, stored overnight at 35°C, and
fltered using Whatman No. 4 to obtain a fltrate that was
made up to 50mL with distilled water. A 0.45 μm flter was
used to further clarify the solution before 20 μL was injected
for HPLC estimation [17].

2.4.8. Vitamin C. An extraction solution (1.4M acetic acid
and 0.3M metaphosphoric acid) was homogenized with the
sample (10 g) and agitated for 15min at 10,000 rpm. Te
standard was prepared by dissolving 100mg of L-ascorbic
acid in the extraction solution to a fnal concentration of
0.1mg/mL and thereafter fltered with a membrane
(0.45 μm) for HPLC assessment. A linear range of the
measured concentration levels was developed by converting
the calibration line [17].

2.4.9. Vitamins A, D, and K. A solution made up of the
sample (10 g), pyrogallol (1 g), ethanol (70mL), and KOH
(30mL, 50%) was refuxed in a water bath (50°C, 40min).
Extracts were harvested using varying concentrations of
ether (20–50mL) before neutralization and dehydration
using distilled water and Na2SO4, respectively. After con-
centration to approximately 5mL by using a water bath at
50°C, methanol was used to dilute the extract to 10mL and
thereafter fltered using a membrane (0.45 μm) for HPLC
evaluation. Serial dilutions of vitamins A, D3, and K were
injected in HPLC, and peak areas were determined to
generate standard curves [17].

2.5. Phytochemical Assessment. Chemical tests to identify
the presence of anthraquinones, favonoids, terpenoids,
cardiac glycosides, alkaloids, saponins, phlobatannins, tan-
nins, steroids, and phenols were carried out on CAA and
CAE using standard procedures [18–20]. Total tannin, fa-
vonoid, and phenol contents of CAA and CAE were also
estimated [21].

2.6. In Vitro Antioxidant Assay

2.6.1. Nitric Oxide Radical Scavenging Assay. Various
concentrations (25–100 µg/mL) of CAA and CAE were
placed in a tube of sodium nitroprusside (10mM), made up
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to 3mL fnal volume, and incubated for 150min at 25°C.
Control experiments containing an equivalent amount of
bufer in place of CAA, CAE, and standard were prepared
similarly in phosphate bufer saline (0.025M, pH 7.4).
Tereafter, 500 µL of the incubated solution was diluted with
an equal volume of the Griess reagent and allowed to in-
cubate for 30min before reading absorbance at 546 nm. Te
inhibition activity was calculated using a positive
control [22].

2.6.2. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Scavenging
Assay. Te radical scavenging activity of CAA and CAE was
examined in the presence of DPPH radicals. In brief, 1mL of
the graded concentrations of CAA and CAE (25–100 µg/mL)
was made up to 4mL with methanol before DPPH (2mL)
was added and placed in the dark for 30minutes. Absor-
bance was read at 514 nm. Ascorbic acid served as the
standard, while control experiment void of CAA, CAE, and
standard served as a negative control [18, 21].

2.6.3. Reducing Power. One millilitre of the graded con-
centrations of CAA and CAE (25–100 µg/mL) was pipetted
into a tube containing phosphate bufer (0.025M, pH 7.4,
2.5mL). Tereafter, a volume of the mixture (2.5mL) was
incubated with freshly prepared ferric chloride (0.5mL,
0.1%) with absorbance measured at 700 nm and compared to
the gallic acid standard [18, 21].

2.6.4. Total Antioxidant Capacity. Graded concentrations of
CAA andCAE (25–100 µg/mL; 0.3mL) weremixed with TAC
bufer (3mL), boiled for 1.5 h, and cooled. Sample absorbance
was recorded at 695 nm against a methanol blank and
compared to the ascorbic acid standard curve [18, 21].

2.7. Antibacterial Assessment. Te in vivo antibacterial po-
tential was evaluated by the well difusion technique. Te
antibacterial difusion test was carried out using a cell
suspension of about 3.0×108 cfu/mL obtained from a 0.5
McFarland turbidity standard [23]. Te antimicrobial ac-
tivities of CAA and CAE were evaluated by measuring the
zone of inhibition diameter around the extracts at 200, 400,
and 800mg/mL. Minimum inhibitory concentration (MIC)
was assessed using the microtitre broth dilution method of
graded working concentrations (0.25–128mg/mL) of CAA
and CAE. Concentrations with potent inhibitory potential
were further assessed for their minimum bactericidal con-
centration (MBC) and MIC/MBC ratio [23, 24].

2.8. Statistical Analysis. Te results were recorded as the
mean± SEM of the experiment(s) in three replicates. Values
of the proximate analysis, quantitative phytochemical eval-
uation, and antibacterial activity were analysed using an
unpaired T-test, while those of the antioxidant assessment
were subjected to the one-way analysis of variance (ANOVA)
with mean values separated at p< 0.05 using Dunnett’s
multiple comparison test on IBM SPSS v23 (USA).

3. Results and Discussion

3.1. Proximate, Mineral, and Vitamin Composition. Tere
was no diference (p< 0.05) in the composition of moisture
content, total ash, carbohydrate, crude protein, crude fat,
and crude fbre in CAA (47.02± 0.92, 4.68± 0.04,
25.17± 0.11, 2.68± 0.03, 10.79± 0.06, and 11.05± 0.44%) and
CAE (48.38± 0.08, 4.18± 0.03, 24.26± 0.05, 2.75± 0.05,
10.94± 0.40, and 10.48± 0.03%) as shown in Table 1. Caloric
values of CAE and CAA were 206.5 and 208.53 kcal/g, re-
spectively (Table 1). Te moisture content and ash com-
positions of CAA and CAE were higher than those of
a previous study [25], while crude carbohydrate was com-
parable to the fnding of Oyebade et al. [26]. Te high
carbohydrate content and low fat content suggest rich en-
ergy value. Tese results support a previous report sug-
gesting the use of C. albidum fruits in managing diabetic and
obese patients [2, 6, 27]. Consumption of C. albidum fruits
may reduce the incidence of diseases like coronary heart
disease, colon cancer, diabetes, obesity, high blood pressure,
and other digestive disorders due to the high crude fbre
content [28, 29]. Crude fbre consumption increases faecal
bulk and the intestinal transit rate and induces intestinal
cholesterol mop-up and prebiotic efects. In Figure 2(a), it
can be seen that C. albidum dried fruit blend had sodium,
iron, zinc, magnesium, calcium, manganese, potassium, and
copper elemental compositions of 123.05, 42.45, 34.45,
34.05, 24.55, 4.1, 2.05, and 0.95mg/100 g of dried blend,
respectively. Te presence of sodium, magnesium, calcium,
and potassium suggests that C. albidum fruit can be utilised
as a nutritional supplement of these elements. Tus, it may
play a role in the absorption of glucose and some amino
acids in the small intestine, maintaining acid-base balance,
osmotic balance between cells and interstitial fuid, muscle
contraction, and nerve function due to its sodium and
potassium content. Te presence of calcium and magnesium
indicates that ingesting C. albidum fruits may aid in the
stabilisation of ATP, DNA, and RNA synthesis, bone for-
mation, and mineralisation. Interestingly, C. albidum fruit
consumption may supply the required daily allowance
(RDA) of iron, zinc, manganese, and copper in adults as
their elemental composition surpasses the RDA [30].
Concentrations of lead and cadmium were not detected;
thus, there was no heavy metal contamination, making the
fruit safe for consumption. Despite vitamin A being absent,
C. albidum dried fruit blend contained phylloquinone and
vitamins B1, B6, C, B12, B3, B2, and D at 0.354, 0.187, 0.033,
0.031, 0.020, 0.015, 0.005, and 0.001mg/100 g, respectively
(Figure 2(b)). Tese values show that C. albidum fruit is
a rich water- and fat-soluble vitamin source. Hence, their
consumption can help build the immune system, modulate
various metabolic pathways that require these vitamins, and
prevent a host of nutritional-associated diseases.

3.2. Phytochemical Assessment. Table 2 shows the presence
of terpenoids, tannins, cardiac glycosides, favonoids,
phlobatannins, and phenols in both CAA and CAE, while
anthraquinones were absent in both. Despite alkaloids, sa-
ponins, and steroids being present in CAA, they were absent
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in CAE.Te presence of saponins justifes the use of the fruit
in managing metabolic conditions [2, 31, 32]. Phenolic,
terpenoids, alkaloids, and cardiac glycosides are compounds
that possess health-promoting efects and medicinal prop-
erties [33, 34]. Te total tannin, favonoid, and phenol
contents of CAA (84.10± 0.20mg/g TAE, 24.96± 0.21mg/g
RE, and 83.36± 0.11mg/g GAE) were higher than those of
CAE (62.94± 0.22mg/g TAE, 18.69± 0.51mg/g RE, and
45.85± 0.06mg/g GAE) (Table 2). Phenolics are the most
diverse phytochemical group and have been identifed as the
bioactive responsible for the antioxidant activity of nu-
merous plants and their crude extracts [35]. Te presence of
tannins and favonoids indicates possible anti-infammatory
efects of the fruit in managing a myriad of diseases linked to
oxidative stress. Flavonoids are potent water-soluble

antioxidants and radical scavengers that have strong anti-
cancer activity, prevent oxidative cell damage, and inhibit
tumour growth [36]. Te tannin content of CAA and CAE
was higher than what was previously reported for the stem;
however, the favonoid content was lower than the reported
values of the seed [37].

3.3. InVitroAntioxidantAnalyses. Figure 3 depicts the dose-
dependent scavenging activity of DPPH by gallic acid CAE
and CAA. Gallic acid (IC50 : 2.62± 0.98 µg/mL) exhibited
better DPPH scavenging activity (p< 0.05) at all concen-
trations than both CAE (IC50 : 53.98± 0.06 µg/mL) and CAA
(IC50 : 66.07± 0.83 µg/mL) (Table 3). However, DPPH
scavenging activity of CAE was higher than that of CAA.
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Figure 2: (a) Mineral and (b) vitamin compositions of C. albidum dried fruit blend.

Table 1: Proximate analyses of C. albidum fruit ethanolic and aqueous extracts.

Proximate content CAE CAA p value
Moisture content (%) 48.38± 0.08 47.02± 0.92 0.48
Total ash content (%) 4.18± 0.03 4.68± 0.04 0.11
Crude protein (%) 2.75± 0.05 2.68± 0.03 0.15
Crude fat (%) 10.94± 0.40 10.79± 0.06 0.57
Carbohydrate (%) 24.26± 0.05 25.17± 0.11 0.29
Crude fbre (%) 10.48± 0.03 11.05± 0.44 0.43
Caloric value (kcal/g) 206.50± 0.92 208.53± 0.05 0.62

Table 2: Phytochemical assessment of CAA and CAE.

Phytochemicals
Qualitative Quantitative

CAE CAA CAE CAA
Saponins − + ND ND
Tannins + + 62.94± 0.22mg/g TAE 84.10± 0.20mg/g TAE∗
Phenols + + 45.85± 0.06mg/g GAE 83.36± 0.11mg/g GAE∗
Flavonoids + + 18.69± 0.51mg/g RE 24.96± 0.21mg/g RE∗
Cardiac glycosides + + ND ND
Steroids − + ND ND
Terpenoids + + ND ND
Phlobatannins + + ND ND
Alkaloids − + ND ND
Anthraquinones − − ND ND
+: present, − : absent, CAE: C. albidum fruit ethanolic extract, CAA: C. albidum fruit aqueous extract, and ND: not determined. Bars�mean± SEM, n� 3;
∗signifcantly diferent at p< 0.05.
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Generally, antioxidants suppress reactive oxygen species
formation by augmenting the antioxidant enzyme activities,
inhibiting enzymes, or chelating elements responsible for
generating free radicals and reactive species [38, 39]. CAA
and CAE scavenged the DPPH radical by donating hydrogen
ions to inhibit its activity [40]. In Figure 4, it can be seen that
ascorbic acid, CAE, and CAA nitric oxide scavenging ac-
tivities were not dose-dependent.Te scavenging property of
CAE was most efcient at all concentrations compared to
that of CAA and ascorbic acid; nonetheless, there was no
diference in their IC50 values (Table 3). Peroxynitrite
(ONOO-), nitric oxide (NO-), and nitrogen dioxide (NO2)
are reactive nitrogen intermediates that are also involved in
the infammatory processes [41] and disease pathogenesis
[42, 43]. Tus, scavenging these radicals might truncate the
steps involved in the pathogenesis of numerous diseases.
Ascorbic acid exhibited better reducing power (p< 0.05) at
all concentrations than both CAE and CAA. However,
CAE’s reducing power was better than CAA’s (Figure 5).
Likewise in Table 3, the total antioxidant capacity was higher
in CAE (191.81± 0.23mg/AAE) than in CAA
(121.05± 0.20mg/AAE). Tese results further show the
antioxidant potential of CAE and CAA which may be as-
cribed to their phytochemical constituents.

3.4. Antibacterial Efect. In Figure 6, it can be seen that all
examined concentrations of CAE and CAA were able to
prevent the growth of S. faecalis, P. aeruginosa,
S. epidermidis, S. typhi, K. pneumoniae, B. subtilis, S. aureus,
and E. coli evident by zones of inhibition diameter ranging
from 13.00± 0.00 to 21.33± 0.33 and 13.33± 0.88 to
28.17± 0.17mm, respectively. S. faecalis and S. typhiwere the
most susceptible microbes, while B. subtilis and E. coli were
the least susceptible microbes to CAA at all concentrations.
In the case of CAE, 400mg/mL was the concentration that
elicited the highest zones of inhibition against all tested
microbes, with B. subtilis and S. faecalis being the least and
most susceptible, respectively. Plant crude extracts, tinc-
tures, infusions, and their purifed actives have been re-
ported to elicit antibacterial efects in numerous studies
[34, 44, 45]. Natural products with known antibacterial
properties can be utilised in alternative therapy. Te anti-
microbial activities of CAE and CAA against the tested
microorganisms indicate a signifcant medicinal potential
against a broad spectrum of infectious pathogens. CAA and
CAE possess active principles that could serve as cheap and
efective alternative medicines against common microbial
infections. Tese fndings are in consonance with a previous
study that reported the antimicrobial properties of
C. albidum exudates against E. coli, S. aureus, S. pyogenes,
K. pneumoniae, and C. albicans [46].

Te MIC of CAA on P. aeruginosa and S. faecalis was
8mg/mL after 24 and 72 hours. Similarly, the growth of
E. coli, S. aureus, and B. subtilis was repressed by CAA at
8mg/mL after 24 hours; however, further incubation for
72 hours increased the respective MICs to 16, 64, and
16mg/mL. Inoculum incubation of K. pneumoniae,
S. typhi, and S. epidermidis showed that CAA elicited an
MIC of 32mg/mL after 24 h which increased to 64mg/mL
for K. pneumoniae and S. typhi and 128mg/mL for
S. epidermidis after 72 hours of incubation (Table 4). From
Table 5, it can be seen that the MIC of CAE on
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Figure 3: DPPH scavenging activity of C. albidum fruit ethanolic
and aqueous extracts. Bars�mean± SEM, n� 3. Diferent super-
scripts on each bar� p< 0.05. Similar superscripts on each
bar� p> 0.05. CAE: C. albidum fruit ethanolic extract, CAA:
C. albidum fruit aqueous extract, and GA: gallic acid.

Table 3: Total antioxidant capacity, DPPH, and nitric oxide IC50
values.

DPPH IC50 (µg/mL) NO IC50 (µg/mL) TAC (mg/AAE)
CAE 53.98± 0.06b 11.88± 0.23 191.81± 0.23∗
CAA 66.07± 0.83c 14.03± 0.51 121.05± 0.20
GA 2.62± 0.98a — —
AA — 8.67± 0.10 —
Bars�mean± SEM, n� 3. Diferent superscripts on each value� p< 0.05.
Similar superscripts on each value� p> 0.05. ∗Signifcantly diferent at
p< 0.05. CAE: C. albidum fruit ethanolic extract, CAA: C. albidum fruit
aqueous extract, GA: gallic acid, AA: ascorbic acid, and TAC: total anti-
oxidant capacity.
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Figure 4: Nitric oxide scavenging activity of C. albidum fruit
ethanolic and aqueous extracts. Bars�mean± SEM, n� 3. Diferent
superscripts on each bar� p< 0.05. Similar superscripts on each
bar� p> 0.05. CAE: C. albidum fruit ethanolic extract, CAA:
C. albidum fruit aqueous extract, and AA: ascorbic acid.
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P. aeruginosa, B. subtilis, and K. pneumoniae was 16, 32,
and 32mg/mL after 24 and 72 hours. Similarly, the growth
of S. aureus (8mg/mL), S. epidermidis (16mg/mL), E. coli
(16mg/mL), S. typhi (32mg/mL), and S. faecalis (2mg/mL)
was inhibited by CAE after 24 hours; however, further
incubation for 72 hours increased the respective MICs to

32, 32, 32, 64, and 4mg/mL (Table 5). Te MBC of CAA
ranged from 8 to 32mg/mL, with P. aeruginosa being the
most susceptible, while CAE’s MBC ranged from 32 to
64mg/mL, with P. aeruginosa, S. epidermidis, and S. faecalis
being the most susceptible organisms (Table 6). Te an-
timicrobial activities of CAA and CAE were efective on
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Figure 6: Antibacterial activity ofC. albidum fruit ethanolic and aqueous extracts. ∗Signifcantly diferent at p< 0.05 for each concentration.

b

b

b b

a

a

a a

c
c

b

c

25 µg/mL 50 µg/mL 75 µg/mL 100 µg/mL

CAE
CAA
AA

0

0.05

0.1

0.15

0.2

0.25

Ab
so

rb
an

ce

Figure 5: Reducing power of C. albidum fruit ethanolic and aqueous extracts. Bars�mean± SEM, n� 3, Diferent superscripts on each
bar� p< 0.05. Similar superscripts on each bar� p> 0.05. CAE: C. albidum fruit ethanolic extract, CAA: C. albidum fruit aqueous extract,
and AA: ascorbic acid.

Te Scientifc World Journal 7



Gram-negative and Gram-positive organisms, which is in
line with the fndings from a past study [47]. Gram-
negative organisms difer from Gram-positive bacteria as
they possess an outer phospholipidic membrane linked by
lipoproteins to a thinner sheet of peptidoglycan which
houses porins and lipopolysaccharide structural compo-
nents. Hence, they are impervious to lipophilic solutes and
high molecular mass hydrophilic solutes [48]. Tese cel-
lular features would have enabled CAA and CAE to per-
meate through the porins of the cell wall to enact their
antimicrobial activity on the Gram-negative organisms
[49]. Te MBC/MIC ratio is important in identifying the
antibacterial activity (bactericidal or bacteriostatic) of

natural compounds and other substances. If the ratio is ≤4,
activity is considered bactericidal, while if the ratio is >4, it
is considered bacteriostatic [24]. Te MBC/MIC ratio
presented in Table 7 shows that CAA antimicrobial activity
was bactericidal on all tested organisms with the most
promising bactericidal activity against Gram-negative
P. aeruginosa. On the other hand, CAE antimicrobial ac-
tivity was bactericidal on all tested organisms except
S. aureus and S. faecalis on which it was bacteriostatic. Te
most promising bactericidal activity was against
S. epidermidis and P. aeruginosa.Te bactericidal activity of
CAA on these bacterial species suggests its possible broad-
spectrum use.

Table 4: Minimum inhibitory concentration of C. albidum fruit aqueous extract at 24 and 72 hours.

Organisms
Concentration (mg/mL)

0.25 0.50 1 2 4 8 16 32 64 128
T# T∗ T# T∗ T# T∗ T# T∗ T# T∗ T# T∗ T# T∗ T# T∗ T# T∗ T# T∗

Pseudomonas aeruginosa + + + + + + + + + + − − − − − − − − − −

Klebsiella pneumoniae + + + + + + + + + + + + + + − + − − − −

Staphylococcus epidermidis + + + + + + + + + + + + + + − + − + − −

Escherichia coli + + + + + + + + + + − + − − − − − − − −

Staphylococcus aureus + + + + + + + + + + − + − + − + − − − −

Bacillus subtilis + + + + + + + + + + − + − + − − − − − −

Salmonella typhi + + + + + + + + + + + + + + − + − − − −

Streptococcus faecalis + + + + + + + + + + − − − − − − − − − −

T#: 24 hours, T∗: 72 hours, − : inhibition of organism growth, and +: growth of the organism.

Table 5: Minimum inhibitory concentration of C. albidum fruit ethanolic extract at 24 and 72 hours.

Organisms
Concentration (mg/mL)

0.25 0.50 1 2 4 8 16 32 64 128
T# T∗ T# T∗ T# T∗ T# T∗ T# T∗ T# T∗ T# T∗ T# T∗ T# T∗ T# T∗

Pseudomonas aeruginosa + + + + + + + + + + + + − − − − − − − −

Klebsiella pneumoniae + + + + + + + + + + + + + + − − − − − −

Staphylococcus epidermidis + + + + + + + + + + + + − + − − − − − −

Escherichia coli + + + + + + + + + + + + − + − − − − − −

Staphylococcus aureus + + + + + + + + + + − + − + − − − − − −

Bacillus subtilis + + + + + + + + + + + + + + − − − − − −

Salmonella typhi + + + + + + + + + + + + + + − + − − − −

Streptococcus faecalis + + + + + + − + − − − − − − − − − − − −

T#: 24 hours, T∗: 72 hours, − : inhibition of organism growth, and +: growth of the organism.

Table 6: Minimum bactericidal concentration of C. albidum fruit ethanolic and aqueous extracts.

Organisms
Concentration (mg/mL)

8 16 32 64 128
CAE CAA CAE CAA CAE CAA CAE CAA CAE CAA

Pseudomonas aeruginosa + − + − − − − − − −

Escherichia coli + + + − + − − − − −

Staphylococcus aureus + + + + + − − − − −

Streptococcus faecalis + + + + − − − − − −

Salmonella typhi + + + + + − − − − −

Klebsiella pneumoniae + + + + + − − − − −

Bacillus subtilis + + + + + − − − − −

Staphylococcus epidermidis + + + + − − − − − −

CAE: C. albidum fruit ethanolic extract, CAA: C. albidum fruit aqueous extract, − : bactericidal, and +: growth of the organism.
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4. Conclusion

Chrysophyllum albidum fruit consists of various nutrients
and is a rich source of Na, Ca, Mg, Zn, Fe, and vitamins B1,
B6, C, and K that are sufcient to meet the required daily
allowance when consumed. Te fruit’s low caloric value and
high crude fbre may help reduce the incidence of metabolic
diseases. A high concentration of tannins and phenolics in
CAA suggests that the sap of the fruit may help to alleviate
metabolism-induced oxidative stress and combat proin-
fammatory microbes. C. albidum fruit extracts exhibited
good antibacterial activity with low inhibition zones, MICs,
MBCs, and MBC/MIC ratios; thus, they may be useful in
managing broad-spectrum infections and diseases associ-
ated with clinical bacterial strains (Gram-negative and
Gram-positive). Tese fndings corroborate the ethnobo-
tanical use of Chrysophyllum albidum as a remedy for the
management of infectious bacteria. However, further studies
on in vivo assessment of the precise target and the molecular
mechanisms are imperative since studies have reported no
correlation with in vitro activity.
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[33] C. Rodŕıguez-Pérez, A. Segura-Carretero, and M. Del Mar
Contreras, “Phenolic compounds as natural and multifunc-
tional anti-obesity agents: a review,” Critical Reviews in Food
Science and Nutrition, vol. 59, no. 8, pp. 1212–1229, 2019.

[34] R. Barbieri, E. Coppo, A. Marchese et al., “Phytochemicals for
human disease: an update on plant-derived compounds an-
tibacterial activity,” Microbiological Research, vol. 196,
pp. 44–68, 2017.

[35] A. Durazzo, M. Lucarini, E. B. Souto et al., “Polyphenols:
a concise overview on the chemistry, occurrence, and human
health,” Phytotherapy Research, vol. 33, no. 9, pp. 2221–2243,
2019.

[36] D. M. Kopustinskiene, V. Jakstas, A. Savickas, and
J. Bernatoniene, “Flavonoids as anticancer agents,” Nutrients,
vol. 12, no. 2, p. 457, 2020.

[37] B. J. Okoli and O. S. Okere, “Antimicrobial activity of the
phytochemical constituents of Chrysophyllum albidum
G. Don Holl.(African Star apple) plant,” Journal of Research
in National Development, vol. 8, no. 1, pp. 1035–1037, 2010.

[38] J. N. Moloney and T. G. Cotter, “ROS signalling in the biology
of cancer,” Seminars in Cell and Developmental Biology,
vol. 80, pp. 50–64, 2018.

[39] I. Liguori, G. Russo, F. Curcio et al., “Oxidative stress, aging,
and diseases,” Clinical Interventions in Aging, vol. 13,
pp. 757–772, 2018.

[40] P. Ionita, “Te chemistry of DPPH· free radical and conge-
ners,” International Journal of Molecular Sciences, vol. 22,
no. 4, p. 1545, 2021.

[41] N. T. Moldogazieva, I. M. Mokhosoev, N. B. Feldman, and
S. V. Lutsenko, “ROS and RNS signalling: adaptive redox
switches through oxidative/nitrosative protein modifca-
tions,” Free Radical Research, vol. 52, no. 5, pp. 507–543, 2018.

[42] M. Murata, “Infammation and cancer,” Environmental
Health and Preventive Medicine, vol. 23, no. 1, p. 50, 2018.

[43] N. T. Moldogazieva, S. V. Lutsenko, and A. A. Terentiev,
“Reactive oxygen and nitrogen species–induced protein
modifcations: implication in carcinogenesis and anticancer
therapy,” Cancer Research, vol. 78, no. 21, pp. 6040–6047,
2018.

[44] O. F. Yakubu, A. H. Adebayo, T. O. Famakinwa et al.,
“Antimicrobial and toxicological studies of Ricinodendron

10 Te Scientifc World Journal



heudelotii (Baill.),” Asian Journal of Pharmaceutical and
Clinical Research, vol. 11, no. 1, p. 299, 2018.

[45] A. Grimbs, A. Shrestha, A. S. D. Rezk, S. Grimbs, I. Hakeem
Said, and H. Schepker, “Bioactivity in rhododendron: a sys-
temic analysis of antimicrobial and cytotoxic activities and
their phylogenetic and phytochemical origins,” Frontiers in
Plant Science, vol. 8, 2017.

[46] H. A. Adewusi, “Te African star apple Chrysophyllum
albidum indigenous knowledge from Ibadan, Southwestern
Nigeria,” in Proceedings of a National Workshop on the Po-
tentials of the Star Apple in Nigeria, pp. 25–33, Ibadan,
Nigeria, November 1997.

[47] J. Gangoue-Pieboji, N. Eze, A. Ngongang Djintchui et al., “Te
in-vitro antimicrobial activity of some medicinal plants
against β-lactam-resistant bacteria,”Te Journal of Infection in
Developing Countries, vol. 3, no. 9, pp. 671–680, 2009.

[48] G. Zhou, Q. Wang, Y. Wang et al., “Outer membrane porins
contribute to antimicrobial resistance in gram-negative
bacteria,” Microorganisms, vol. 11, no. 7, p. 1690, 2023.

[49] M. Manohar, M. Musthafa, and K. Gobianand, “Silver
nanoparticle conjugated marine invertebrate antimicrobial
peptides (AgNPs-Amps) against gram-negative ESKAPE
Pathogens,” International Journal of Research and Analytical
Reviews (IJRAR), vol. 6, no. 1, pp. 264–287, 2019.

Te Scientifc World Journal 11




