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ABSTRACT

Diospyros mespiliformis is an underutilized plant found in Northern Nigeria, reported for
treatment of diseases. This study aimed to evaluate the antidiabetic and antioxidant
potentials of Kano grown D. mespiliformis fruit pulp and its phytochemical profiles. The
fruits were air dried, grounded into fine powder and proximate composition was
determined. Extracts of aqueous, 50%, 60%, 70%, 80%, 90% and 100% ethanol were
prepared. Alpha-glucosidase and a-amylase inhibition assays, total phenolics content
(TPC), total flavonoids content (TFC) and DPPH radical scavenging assays were evaluated
using standard methods. Phytochemical profiles of extracts were analyzed using liquid
chromatographic mass spectrometry. The ash, crude fiber, protein, fat, total carbohydrate
and moisture contents on dry weight basis were 6.3 + 0.20%, 4.1 + 0.72%, 6.9 + 0.08%,
7.7 £ 0.02%, 66.2 + 0.80% and 8.8 + 0.23% respectively. The 60% ethanol gave the
highest extraction yield, while the aqueous extract was the lowest. The inhibition assays
indicated that 50% ethanol extract with ICso of 149.4 mg/mL had the highest inhibition
against a-glucosidase activity while that of standard acarbose was 144.3 mg/mL. The
100% ethanol extract with the ICso value 299.58 mg/mL showed the highest inhibition
against a-amylase activity, while that of standard acarbose was 228.9 mg/mL. The DPPH
assay indicated that both 50% and 60% ethanol extracts, ICso values 150.1 + 0.58 mg/mL
and 150.6 + 0.32 mg/mL respectively, had the highest antioxidant capacity, while that of
standard ascorbic was 88.24 + 0.21 mg/mL. Also, 50% ethanol gave the highest TPC,
167.22 + 1.11 mg GAE/g, but the 60% ethanol gave the highest TFC (40.2 + 1.60 mg
GAE/g). Bioactive phytochemicals belonging to flavonoids, terpenoids, shogaols, allicin,
linalool, and unsaturated fatty acids with health promoting effects were identified with
their suggested names. Therefore, D. mespiliformis fruit pulp may be a good raw material
for functional food and nutraceuticals against diabetes mellitus, oxidative stress and other
chronic diseases.

Key Words: Alpha-glucosidase and alpha-amylase, functional food, phytochemical profiles,
antioxidant, antidiabetic.

INTRODUCTION

The human race (nearly two third) have since
believed in the healing powers of the active
compounds in plants due to reasons that includes
relative safety, affordability and availability
among others. This have triggered the
exploration of functional and medicinal benefits of

2023). Fruits are known to be very rich in vitamins
and minerals, high fiber contents and are
naturally endowed with secondary metabolites
(phytochemicals), thus serving as functional food
and important source of nutraceuticals. They
hold health benefits that includes decreased
coronary heart disease, decreased blood

food over thousands of years back, and the birth
of the modern day nutraceutical industry during
the 1980s (Muredzi, 2013; Rajasekaran & Xavier,
2015). Depending on the chemical compounds
they are made of, adequate intakes of fruits
serves in the protection and reduction of
damages caused by free radicals and chronic
diseases to our body cells (Ahmad Wani et al.,

pressure, antioxidant, anti-inflammation, and
antidiabetic activities among others when
consumed by man (Ahmad Wani et al., 2023;
Vattem & Maitin, 2016). Wild fruits are
underutilized fruits rich in phytochemicals, such
as anthocyanins, proanthocyanidins, flavonoids,
phenolics and other polyphenols.
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Numerous studies pointed out that wild fruits
possess various bioactivities as mentioned earlier,
thus, they have untapped potentials to be
developed into  functional foods and
nutraceuticals for the prevention and treatment
of quite a great deal of chronic diseases (Fu et al.,
2010; Li et al., 2016; Xia et al., 2010). African
Ebony tree (D. mespiliformis) fruit is a wild fruit
native to Africa and ubiquitously found in
northern Nigeria. The genus Djospyros has been
used against different disease conditions
including diarrhea, hemorrhage, insomnia,
hiccough, antibacterial, etc. Phytochemical
constituents such as gallic acid, terpenoids,
tannins, hydrocarbons, lipids, and other
polyphenols, have been reported in different
species of this genus (Adu et al., 2022; Ebbo et
al., 2019; Rauf et al., 2017). This study aimed to
evaluate the antidiabetic and antioxidant
activities, and the phytochemical profiles of the
fruit pulp of D. mespiliformis cultivated in Kano
State.

MATERIALS AND METHODS

Materials

Water bath sonicator (WUC-D10H, Wised Clean
sonicator, Seoul, Korea), beaker, cuvette, and
laboratory shaker (WSB-45, Digital shaking water
bath, Seoul, Korea). Rotary evaporator (R-100,
Buchi Services, Switzerland), funnel, Whatman
filter paper no 1, conical flasks, beaker,
measuring cylinder, aluminium foil, plastic rubber,
and oven drier (MINO/100, Serial No, 14HO030,
Tanhouse Lane Cheshire). Furnace (S33 6RB,
Hope valley, England), weighing balance, Soxhlet
apparatus, spectrophotometer (MODEL 752S,
New life medical instrument England), weighing
balance, incubator, LC-MS machine, and
thermometer.

Methods

Extract preparation

Fresh Diospyros mespiliformis fruit locally known
as Kanyain Hausa language, were collected from
Kurmi market Kano. The plant was identified by a
plant taxonomist at the Department of Plant
Biology Bayero University, Kano. A voucher
specimen was deposited for future reference.
Collected samples were immediately washed
under running tap water and air dried. The dried
and grounded D. mespiliformis fruit pulp sample
was extracted using absolute ethanol, water, and
90%, 80%, 70%, 60%, and 50% ethanol:water
(v/v). This solvent combinations were used
considering health safety issues. The solute to
solvent ratio used was 1:40, which is a
modification of the methods of ultrasound
assisted extractions previously reported (Wang et
al., 2008; Wong et al., 2014). The mixture of

dried/grounded D. mespiliformis fruit pulp sample
and solvent was sonicated first for 20 minutes at
30 £ 2 °C, and placed in a laboratory shaker for
40 minutes at 120 revolutions per minute and
room temperature. Extracts were concentrated
using rotary evaporator at 40 °C. Excess solvents
in extracts were allowed to evaporate by air
drying at laboratory temperature. Dried samples
were stored in air tight glass tubes and stored at
4°C,
Determination of Total moisture
The AOAC International method (Suzanne, 2014)
was adopted in moisture determination. Empty
crucible and lid were placed in the oven at 105 °C
for 3 hours and transferred to desiccator to cool.
The empty crucible was weighed and about 5.0g
of sample was weighed into the dish, and spread
to uniformity. The dish containing 5.0 g sample
was placed in the oven and dried for 3 hours at
105 °C. After drying, the dish with covered lid was
transferred to the desiccator to cool. The crucible
containing the dried sample was weighed
repeatedly and returned into the desiccator after
each weighing.
Calculation: % of Moisture Content =
W:—W, X 100

Wi
Where: W1 = Weight (g) of sample before drying,
W2 = Weight (g) of sample after drying, W3 =
Weight (g) of crucible and dried sample.
Determination of ash content
The ash content was measured using the method
of AOAC International (Suzanne, 2014). Crucible
with lid were placed in the Muffle furnace at 550
°C overnight to burn off impurities on the surface
of crucible. The crucible was cooled in desiccator
for 30 mins and weighed as Wi. About 5.0g dried
sample was weighed into the empty crucible
weighed and recorded as W.. The lid was
removed and crucible without lid was placed in
the furnace at 550 °C overnight. After overnight
heating, the lid was placed back to prevent loss
of fluffy ash, Cooled in desiccator and weigh when
the ash turned gray and recorded as Ws.
% of Ash content = W3-W; X 100

W2

Where: W1 = Weight of empty dried crucible, W2
= Weight of crucible and sample, W3 = Weight of
crucible and dried sample
Determination of Crude Protein
Kjeldahl method as described by AOAC
International (Suzanne, 2014) was used for crude
protein determination. About 1.0 g of sample was
placed in the digestion flask of Kjeldahl
apparatus, followed by 5.0g of catalyst and 200
ml concentrated H.SO4. Another flask containing
the above mixture except sample as blank was
prepared.
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Flasks were placed in inclined position and heated
gently until frothing ceases and boiled briskly until
clear solutions were obtained. All flasks were
cooled and 60 ml distilled water was cautiously
added to each flask. Flasks were immediately
connected to digestion bulk on the condenser and
with tip of condenser immersed in standard acid
and 5-6 drops of mix indicator in receiver. Flasks
were rotated to mix content thoroughly, heated
until all NHs is distilled. Receiver was removed, tip
of condenser washed and excess standard acid
titrated with distilled standard NaOH solution.
Calculation: % of Crude Protein Content =
(S-B)X N X 14.007 X6.25 X 100

W (9)
Where: S = volume (mL) of 0.2N HCI used for
sample titration, B = volume (mL) of 0.2N HCI
used in blank titration, N = normality of HCI, W =
weight (g) of sample, 14.007 = atomic weight of
nitrogen, 6.25 = the protein-nitrogen conversion
factor.
Determination of crude fiber
The method described by AOAC International
(Suzanne, 2014) was adopted for crude fiber
determination. About 3.0 g (W1) of the finely
ground sample was weighed into a round bottom
flask, 100 ml of 0.23M H2S04 solution was added.
The mixture was boiled under reflux for 30 min
and quickly filtered under suction. The insoluble
matter (residue) was washed several times with
50 ml hot water until it was acids free. It was
quantitatively transferred into the flask and 100
ml of 0.31M NaOH solution was added. The saw
mixture boiled again under reflux for 30 min and
quickly filtered under suction. The insoluble
residue was washed with boiling water and
acetone until it was base free. It was transferred
to a weighed crucible and then dried to constant
weight in the oven at 105°C, cooled in the
desiccators and weighed (Wi). It was then
incinerated in a muffle furnace at 550°C for 3
hours, cooled in the desiccators and reweighed
(W2).The loss in weight on incineration was
calculated as:
W2—-Ws. % Crude fiber = W2 — W5

W1

Determination of crude fat (lipid) content
Crude fat was determined by method of AOAC
International (Suzanne, 2014). Round bottom
flask was place the bottle and the lid in the
incubator at 105°C overnight to ensure that
weight of the bottle is stable. Weigh about 5.0g
of sample to filter paper and wrap. Take the
sample into extraction thimble and transfer into
Soxhlet apparatus. Fill petroleum ether about
250ml into the bottle and take it on the heating

X 100

mantle. Connect the Soxhlet apparatus and turn
on the water to cool them and then switch on the
heating mantle. Heat the sample and Allowed the
process to continue for 4 hours before the
defatted sample was removed Evaporate the
solvent by using the vacuum condenser. Incubate
the bottle at 80-90 °C until solvent completely
evaporate and bottle is completely dry. Reweigh
the bottle and its dried content.
Calculation: % of Fat Content = Ws-W; X 100

W1
Where: Wi = weight of extraction bottle, W2 =
weight of sample, W3 = weight of bottle and dried
lipid.
Determination of total carbohydrate
The total carbohydrate content was determined
by difference as described by AOAC International
(Suzanne, 2014). The sum of the percentage
moisture, ash, crude lipid, crude protein and
crude fiber was subtracted from 100. It was
calculated thus:
% Total soluble carbohydrate 100 — (% Moisture
+ % crude fat + % crude protein + % fiber +
ash).
Alpha-glucosidase inhibition assay
This assay was carried out according to the
method described by (Kim et al., 2005). Using a-
glucosidase from Saccharomyces cerevisiae. A
total of 50uL of extract of varied concentrations,
10, 15 and 20 mg/mL was placed in a tube and
100pL of a-glucosidase (1.0 mg/mL) in 100 mM
sodium phosphate buffer (pH 6.9) was added.
The mixture was incubated at room temperature
(25°C) for 10 min, after which 50uL of substrate
solution, p-nitrophenyl glucopyranoside (p-NPG)
(3.0 mM) in 0.02 M sodium phosphate buffer (pH
6.9) was added. This reaction mixture was again
incubated at 37°C for 20 min. The reaction was
finally quenched by 2 mL of 0.1 M NaxCOs. The
absorbance of the yellow colored p-nitrophenol,
released from p-NPG, (Asample) Was measured at
405 nm. Absorbance of control (Acontrol) Was also
measured. The assay was carried out in triplicate.
The results were expressed as percent inhibition
of a-glucosidase activity using the following
formula:
Inhibition (%) =_(Acontrol -~ Asample) X100

(AControI)

A control is the absorbance of a-glucosidase and
p-NPG without the extract and the blank is the
test sample without enzyme. The ICso of the
extracts for a-glucosidase inhibition were
calculated from linear regression curves of the
form y = mx + c obtained by plotting % inhibition
against concentration of extracts. The ICso of the
extracts were expressed as mg/mL.
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Alpha-amylase inhibition assay
This assay was carried out using a modified
procedure (McCue & Shetty, 2004). A total of 250
ML of extract of varied concentrations, 2, 4, 6, 8
and 10 mg/mL was placed in a tube and 250 pL
of pancreatic a-amylase solution (0.5 mg/mL) in
0.02 M sodium phosphate buffer (pH 6.9) was
added. The mixture was incubated at 25°C for 10
min, after which 250 pL of starch solution (1 %)
in 0.02 M sodium phosphate buffer (pH 6.9) was
added. This reaction mixture was again incubated
at 25°C for 10 min. The reaction was finally
quenched by adding 500 pL DNS reagent (96 mM
3,5-dinitrosalicylic acid), and further incubated in
boiling water for 5 min and then cooled to room
temperature. The content of each test tube was
diluted with 5 mL distilled water and the
absorbance (Asampe) Was measured at 540 nm in
a spectrophotometer. The absorbance of control
(Acontrol) Was also measured. The assay was
carried out in ftriplicate. The results were
expressed as percent inhibition of a--amylase
activity using the following formula:
Inhibition (0/0) =_(Acontrol = Asample) X100
(AControI)

A control is the absorbance of a-amylase and its
substrate without the extract and the blank is the
test sample without enzyme. The ICso of the
extracts for a-amylase inhibition were calculated
from linear regression curves of the form y = mx
+ ¢ obtained by plotting % inhibition against
concentration of extracts. The ICsp of the extracts
were expressed as mg/mL.
2,2’-Diphenyl-1,1'-picrylhydrazyl
radical scavenging assay
The free radical scavenging activity of the
extracts ware analyzed by DPPH assay method
(Brand-Williams et al., 1995). Each of the extracts
(2 mL) at different concentrations (25, 50, 100,
200, and 400 pg/mL) ware mixed with 0.5 mM
DPPH (in methanol) in a cuvette. The absorbance
at 517 nm was taken after 30 minutes of
incubation in the dark at room temperature. The
concentrations were prepared in triplicates and
the percentage antioxidant activity calculated as
follows:
% DPPH radical inhibition =
(Acontrol = Asample) X100

(AControI)
One milliliter of methanol plus 2.0 mL of the
extract was used as the blank, while1.0 mL of the
0.5 mM DPPH solution plus 2.0 mL of methanol
was used as the negative control. Ascorbic acid
was used as reference standard. The ICso of the
extracts for DPPH radical inhibition were
calculated from linear regression curves of the
form y = mx + c obtained by plotting % inhibition
of DPPH radical against concentration of extracts.

(DPPH)

The ICso of the extracts were expressed as
mg/mL.

Determination of total phenolics contents
(TPC)

The concentration of phenolics in plant extracts
was determined using Folin—Ciocalteau’s method
(1927). Methanolic solution of the extracts in the
concentration of 1mg/mL was used in the
analysis. The reaction mixture was prepared by
mixing 1mL of methanolic solution of extract to
2.5 mL of 10% Folin-Ciocalteau’s reagent
dissolved in water and the contents were mixed.
After 3 min, 2.5 mL of 7.5% NaHCO3 solution was
added. These were incubated at 45°C for 45 min.
The absorbance ware read in a
spectrophotometer at765nm against blank
(distilled water). The samples were prepared in
triplicate for each analysis and the mean
absorbance ware obtained. A calibration curve
was constructed using gallic acid standard
solutions (20, 40, 60, 80, and 100 mg/L). Then
the content of phenols in each extract was
expressed in terms of gallic acid equivalent (mg
of GAE/g of extract).

Determination of total flavonoid contents
(TFC)

The content of flavonoids in the examined plant
extracts was determined according to a modified
colorimetric assay method with aluminium
chloride (Mohammed et al., 2016). Approximately
1 mL of methanol solution of the extract
(1mg/mL) was added to a test tube, followed by
the addition of 0.3 mL of solution of NaNO2
(0.05g/ L). After 5 min, 0.3 ml of a 0.1 g/L
solution of AICI3 was added and 5 min later, 2 mL
of NaOH (1 mol/L) was added to the mixture, the
solution was mixed and the absorbance was
measured at 415 nm against blank (distilled
water). Quercetin was used as the standard for
the construction of a calibration curve in different
concentrations (20, 40, 60, 80, and 100 mg/L).
Flavonoid content was expressed in terms of
quercetin equivalents (mg QE/g extract).

LC-MS analysis and identification of
compound

The phytochemical profiles of the extracts were
done based on the protocol for LC-MS analysis
(Generic Method) using LC Waters e2695
separation module with W2998 PDA and couple
to ACQ-QDA MS. The samples were analyzed
using liquid chromatography (LC) tandem mass
spectrophotometer (MS) as described by
(Cavaliere et al., 2018) with some modifications.
The extracted samples were reconstituted in
methanol and filtered through
polytetrafluoroethylene (PTFE) membrane filter
with 0.45 pum size.
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The filtrate (10.0 pL) was injected into the LC  and column temperature at 25 °C. The mobile
system and allowed to separate on Sunfire C18 phase consisted of 0.1% formic acid in water
5.0um 4.6mm x 150 mm column. The run was  (solvent A) and 0.1% formic acid in acetonitrile
carried out at a flow rate of 1.0 mL/min, sample  (solvent B) with gradients as shown below:

Time % A % B
0 95 5

1 95 5

13 5 95
15 5 95
17 95 5

19 95 5

20 95 5

From ratio of A/B 95:5 this ratio was maintained for further 1 min, then A/B 5:95 for 13min, to 15min.
then A/B 95:5 to 17min, 19min and finally 20min. the PDA detector was set at 210-400nm with
resolution of 1.2nm and sampling rate at 10 points/sec. The mass spectra were acquired with a scan
range from m/z 100 — 1250 after ensuring the following settings: ESI source in positive and negative
ion modes; capillary voltage 0.8kv (positive) and 0.8kv (negative); probe temperature 6000C; flow rate
10 mL/min; nebulizer gas, 45 psi. MS set in automatic mode applying fragmentation voltage of 125 V.
The data was processed with Empower 3. The compounds were identified on the basis of the following
information, elution order, and retention time (tR), fragmentation pattern, and Base m/z.

RESULTS AND DISCUSSION resulted to a significant increase with 60%
Result ethanol. The percent vyield then suddenly
The percent extraction yield remained relatively  decreased with 50% ethanol, which continued
at the same value from 100% to 80% ethanol.  decreasing with increasing water in the extraction

This slightly increased with 70% ethanol, which solvent.

Table 1. Percent yield of D. mespiliformis fruit pulp

Extract Percent (%) yield
100% 11.48 + 0.58?
90% 11.30 + 0.162
80% 11.45 + 0.352
70% 11.74 £ 0.11%
60% 12.29 + 0.37°
50% 11.98 + 0.88%°
Aqueous 11.15 + 0.46°

Values are means * standard deviation, values with different superscript are significantly different at P
< 0.05.

The measured a-glucosidase and a-amylase activities inhibition of D. mespiliformis were expressed as
ICs0 and presented in Table 1.

Table 2. ICso values for a-glucosidase and a-amylase activities inhibition (mg/mL)

Extract a-glucosidase a-amylase

100% 164.14 + 0.01° 299.58 + 0.03?
90% 156.59 + 0.01° 316.05 + 0.04°
80% 155.13 + 0.03° 338.29 + 0.03¢
70% 150.42 + 0.02¢ 332.44 £ 0.07¢
60% 150.37 + 0.01¢ 354.35 + 0.01¢
50% 149.43 + 0.01° 406.17 £ 0.02f
Agueous 157.62 + 0.05° 306.56 + 0.029

ICso value of standard acarbose for a-glucosidase activity inhibition is 144.34 + 0.00 mg/mL while that
of a-amylase activity inhibition is 228.93 + 0.00 mg/mL. Values are + standard deviation. Values in the
same column with different superscript are significantly different at P < 0.05.
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As presented in Table 2, the ICso values for
inhibition of a-glucosidase activity by D.
mespilfiformis fruit pulp extracts decreased from
100% ethanol down to 50% ethanol. This then
increased in aqueous extract while 50% ethanol
extract maintained the lowest ICso value. The
50% ethanol extract with the lowest ICso value
had the most potent inhibition against the activity
of a-glucosidase. So also, the ICso value for
standard acarbose slightly lower than that of the
50% ethanol D. mespiliformis fruit pulp extract.

On the other hand, Table 2 shows that the ICso
value of D. mespiliformis fruit pulp for a-amylase
inhibition kept increasing from 100% to 5%
ethanol extract, indicating that 100% ethanol
extract had the highest inhibition against the
enzyme.

The antioxidant potentials of D. mespiliformis
extracts were measured by DPPH radical
scavenging assay. The results are expressed as
ICso presented in Table 3.

Table 3. ICso values for DPPH radical scavenging activity

Extract ICso (mg/ml)
100% 201.79 £ 2.022
90% 182.76 + 1.53°
80% 169.95 + 0.49¢
70% 171.23 + 0.41¢
60% 150.60 + 0.32¢
50% 150.06 + 0.58¢
Aqueous 336.95 + 3.05¢

ICso value of standard ascorbic acid for DPPH radical scavenging is 88.24 + 0.21 mg/mL. Values are +
standard deviation. Values in three same column having different superscripts are statistically different

at P < 0.05.

Looking at the results presented in Table 3, the
ICso value of ascorbic acid for DPPH radical
scavenging was highest in 100% ethanol extract
and lowest in both 50% and 60% ethanol
extracts. These values generally decreased from
100% to 50% and 60% ethanol extracts. This
later increased drastically in aqueous extract.

That of standard ascorbic acid was found to be
significantly lower than those of 50% and 60%
extracts.

The total phenolics contents (TPC) of the extracts
is highest in 50% ethanol extract followed by
60% ethanol extract, with aqueous extract having
the lowest TPC value as presented in Table 4.

Table 4. Total phenolics and total flavonoid contents of extracts

Extract TPC (mg GAE/qg) TFC (mg QE/g)
100% 121.48 + 1.792 28.95 + 3.11°
90% 132.22 + 1.92° 29.87 + 1.60°
80% 133.33 £ 0.56°¢ 33.54 + 2.77¢
70% 139.07 + 2.1¢ 37.18 £ 2.47¢
60% 143.15 + 1.79° 40.18 + 1.60°
50% 167.22 £ 1.11¢ 38.46 + 3.85f
Agueous 44.07 £ 1.4° 9.10 + 1.609

Values are means * standard deviation. Values with different superscript are significantly different at P

< 0.05.

The TPC values of the extracts increased from
90% to 50% ethanol extract, which the
decreased in aqueous extract with very wide
margin. Similarly, the total flavonoid contents of
the extracts increased from 90% to 60% ethanol

extract, which then decreased from 50% ethanol
extract to aqueous extract. The 60% ethanol
extract had the highest TFC and lowest in
aqueous extract.
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Table 5. Proximate Composition of Diospyros Mespiliformis fruit pulp

Parameter Quantity (%)
Moisture 8.87 £ 0.23
Ash 6.30 £ 0.20
Crude fiber 4,10 £ 0.72
Crude protein 6.92 + 0.08
Crude fat 7.66 = 0.02
Total carbohydrate 66.15 + 0.80

Values are mean * standard deviation of three different experimental readings.

Table 5 presents the proximate composition of D. mespiliformis fruit pulp. The carbohydrate content
was found to be 66.15 = 0.80%, the fat content was 7.66 = 0.02%, while the protein was 6.92 +
0.08%. The recorded fiber, ash and moisture contents were 4.10 + 0.72%, 6.30 + 0.20% and 8.87 +

0.23% respectively.

Phytochemicals

The phytochemical profiles of D. mespiliformis
fruit pulp extracts were studied by LC-ACQ-QDA-
MS and presented in Table 6, Table 7, Table 8,

identified in
mespiliformis fruit pulp extracts

and 9, for 100%, 60%, 50% and aqueous

extracts.

These were chosen in accordance to their strong
bioactivities, total phenolics contents and total

flavonoids content.

Table 6. Phytochemical profile of 100% ethanol extract of D. mespiliformis fruit pulp

S/N Retention Propose Molecular Maximum Peak
time compound formula intensity base
(min) (m/z)
1. 2.026 n-Eicosane Ci7H3402 2630.376563 338.882
2. 9.627 n-Eicosane CaoHa3 9801.687402 367.564
3. 10.156 n-Octadecanoic acid, CisH360s3 1958.368750 293.829
2-ox-methyl ester
4, 10.389 Tellurium HTe 2668.776563  338.832
monohydride
5. 11.104 Diglycolic acid, ethyl- 3935.945313  202.752
oct-4-yl ester Ci14H260s5
6. 11.346 4961.280763 267.434
7. 12.604 n-Tetradecane Ci4H30 4701.420055 567.559
8. 12.710 2-Methylnonadecane CaxoH42 4210.886003 367.769
9. 14.668 3-Tetradecyne CiaH26 5662.244391  293.293
10. 14.961 n-Eicosane CaoH42 2884.718372 118.142
11. 15.570 n-Nonadecane CigHa4o 2579.176562  104.197
12. 16.390 Terpinen-4-ol CioH180 2809.560937 367.434
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Table 7. Phytochemical profile of 60% ethanol extract of D. mespiliformis fruit pulp

S/N Retention Propose compound Molecular Maximum intensity Peak base (m/z)
time (min) formula
1. 1.322 Procyanidin C3oH26013 161802.663775 104.180
2. 1.538 Nonane, 2,6-dimethyl Ci1Ho4 242788.364071 338.333
3. 2316 Allicin CeH100S; 139799.366119 132.198
4, 2348 n-Tetradecane Ci4H30 210809.399786 132.189
5. 3.796 Shagaol Ci7H240; 3125.989062 118.159
6. 4.592 Linalool CioH180 28152.995212 328.278
7. 5.135 Pentadecane,2,6,10- CisHss 2734.194313 480.528
trimethyl
5.558 n-Hexadecane CieH34 7120.295864 116.149
8. 5.651 n-Tridecane CizHas 14813.893750 466.435
9. 6.351 n-Octadecane CisHss 8478.055330 116.328
10. 6.539 n-Hexadecane Ci6H34 4138.567819 278.949
11. 6.641 Pentadecanoicacid, 14- Ci7H340; 9171.308594 512.472
methyl-methylester
12.  6.827 n-Tetradecanoic acid Ci4H2807 9365.525000 500.785
13. 7.094 9,12-Hexadecadienoic Ci7H3002 7594.794293 73.689
acid, methylester
14. 7.256 14-Octadecenoic Ci9H3602 11976.366406 401.266
acid, methylester
15. 7.613 n-Octadecanoic CigH350; 3962.442500 280.208
acid, methylester
16. 7.741 9-Octadecenoic acid(Z) CigH340; 4661.990625 166.950
17.  7.923 n-Octadecanoicacid CisH3602 3233.395312 159.926
18. 8.284 Cis-9-cis-12-Octadecadienoic CigH320; 2495.799579 176.222
acid
19. 8.426 3-Tetradecyne Ci4H26 16295.544531 478.702
20. 11.304 n-Eicosane CaoHa42 17352.370312 339.876
21. 14.862 n-Eicosane CioH4o 37403.276714 408.667
Table 8. Phytochemical profile of 50% ethanol extract of D. mespiliformis fruit pulp
S/NO Retention Propose compound Molecular Maximum Peak
time formula intensity base
(min) (m/z)
1. 1.322 Procyanidin C30H26013 161802.663775 104.180
2. 1.538 Nonane, 2,6-dimethyl Ci1Ha4 242788.364071 338.333
3. 2.316 Allicin C6H100S; 139799.366119 132.198
4, 2.348 n-Tetradecane Ci4H30 210809.399786 132.189
5. 3.796 Shagaol Ci7H240; 3125.989062 118.159
6. 4.592 Linalool CioH1s0 28152.995212 328.278
7. 5.135 Pentadecane,2,6,10-trimethyl CigHss 2734.194313 480.528
8. 5.558 n-Hexadecane Ci6H34 7120.295864 116.149
9. 5.651 n-Tridecane Ci3Has 14813.893750 466.435
10. 6.351 n-Octadecane CigHss 8478.055330 116.328
11. I 6.539 n-Hexadecane Ci6H34 4138.567819 278.949
12.  6.641 Pentadecanoic acid, 14-methyl- Ci7H340; 9171.308594 512.472
methylester
13.  6.827 n-Tetradecanoic acid Ci4H2802 9365.525000 500.785
14. 7.094 9,12-Hexadecadienoic acid, Ci7H300; 7594.794293 73.689
methylester
15.  7.256 14-Octadecenoic acid, Ci9H3602 11976.366406 401.266
methylester
16. 7.613 n-Octadecanoic acid, methylester  Ci9H350; 3962.442500 280.208
17.  7.741 9-Octadecenoic acid(Z) Ci8H3402 4661.990625 166.950
18. 7.923 n-Octadecanoic acid CigH3602 3233.395312 159.926
19. 8.284 cis-9-cis-12-Octadecadienoic acid  CigH3,0; 2495.799579 176.222
20. 8.426 3-Tetradecyne Ci4H2e 16295.544531 478.702
21.  11.304 n-Eicosane CyoHa2 17352.370312 339.876
22. 14.862 n-Eicosane CioH4o 37403.276714 408.667
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Table 9. Phytochemical profile of aqueous extract of D. mespiliformis fruit pulp

S/N Retention Proposed compound Chemical Max Peak base
time formula (intensity)
(min)
1. 1.425 n-Hexadecane CieH34 3529.102386 294.685
2. 1.541 n-Tridecane CizHazs 120310.659479  338.281
3. 1.640 n-Hexadecane Ci6H34 275539.729573  126.171
4, 2.98 n-Eicosane CaoH42 35813.315466 294.365
5. 2.339 Dianon NeH2* 109917.770397  294.310
6. 2.42 Glutaric acid, CsoHs604 129645.321151  294.233
monoamideditridecyl ester
7. 3.213 L-valine, N-(3-chloro-2-  Ca9H47CIFNO3 5885.616958 280.261
fluoroben-zoyl)-heptadecyl
ester
8. 3.582 Fumaric acid C21H13ClO4 3957.947306 231.700
9. 3.761 Proline CsH9NO2 4740.141848 278.870
10. 4.576 Tetracosane Ca3Hso 21649.941452 328.181
11.  4.951 L-isoleucine CsH13NO2 5275.998045 278.896
12.  5.084 Isorhamnetin Ci6H1207 8122.346651 278.924
13.  5.271 Nonane-2,6-dimethyl C11N24 7770.708594 367.269
14. 5.548 Kaempferol CH1001; 3298.318750 220.517
15. 5.648 L-isoleucine CsH13NO2 11844.197656 466.336
16. 5.747 n-Octadecanoic acid, 2-ox- CisH3603 2806.959093 278.970
methyl ester
17. 6.150 Diglycolic acid, ethyl-oct-4- Ci4H260s 20041.289241 231.285
yl ester
18. 6.336 3,8-Dimethylundecane Ci3Hazs 2459.210903 278.920
19. 6.535 13-Docosenoicacid C22H4202 4832.169176 278.960
20. 6.629 Citral Ci0H160 3343.890625 276.720
21.  6.817 6-methyladenine TMS CsH10CIN30O2 3865.28960 260.418
22. 7.189 2,3,4-Trifluorobenzamide C7H4FsNO 2674.804558 278.870
23. 11.300 Diazoxide CsH7CIN202S 3490.318750 262.718
24. 14.857 Paradols C7H2603 11556.00117 240.636
25. 3.582 Fumaric acid C21H13ClO4 3957.947306 231.700
DISCUSSION release of more bioactive compounds capable of

The extraction yield of the extracts presented in
Table 1 indicated that the 60% ethanol extract
gave the highest yield compared to the other
extracts. When compared, all the other extracts
had no significant difference as they all had
similar extraction yield. This is an indication that
the extraction ability of the solvents used in this
study are close to one another therefore, were
able to cause similar mass movement from the
plant matrix into the solvent system, which lead
to almost the same extraction yield with the
exception of 60% ethanol extract.

Inhibition of the activities of glycosidases located
at the brush border cells of the intestinal lumen is
one of the gold standards for the control of
postprandial hyperglycemia in people living with
diabetes mellitus. The decrease observed in ICso
values for a-glucosidase activity inhibition is an
indication that increase in the ratio of water to
ethanol in the binary solvent during the extraction
of D. mespiliformis fruit pulp, may have eased the

inhibiting the activity of a-glucosidase from the
plant material during extraction. Similar reports
have been published using plant materials as
antidiabetic agents (Madubuike et al.,, 2018;
Mbagwu et al., 2022; Okoduwa et al., 2016). This
phenomena was replicated in the TPC and TFC of
the extracts as presented in Table 4. The
extracted TPC increased with increased water
content in the ethanol:water binary solvent from
90% to 50% ethanol, which gave the highest
TPC. These finding supported previous studies
which reported that binary solvent systems (i.e.
ethanol/water) are better for the extraction of
phenolic compounds (Jibril et al., 2019; Thoo et
al., 2013; Wong et al., 2014). The nature and
quantity of phytochemicals extracted from plant
materials are affected by the extraction solvent
used (Dirar et al., 2019), this was exhibited in the
quantity and types of polyphenols extracted as
seen in Table 4.
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This was clear as the highest TPC was extracted
by 50% ethanol while 60% ethanol extracted the
highest TFC (Sasadara & Wirawan, 2021). It is
worthy to mention that the possible bioactive
phytochemical constituents of D. mespiliformis
fruit pulp used in this study, that inhibited the
activity of a-glucosidase are polyphenols in nature
since the most potent extracts (i.e. 50% and 60%
ethanol) as shown by the ICso values in Table 2
also gave the highest TPC and TFC values
respectively as shown in Table 4 (Sukhikh et al.,
2023; Umeno et al., 2016). These findings are in
consonance with previous studies (Madubuike et
al., 2018; Maharaj et al., 2022; Praparatana et al.,
2022). In addition, these polyphenols could be
50% hydrophilic and 50% lipophilic based on the
result presented in Tables 2 and 4. The lower ICso
value of 50% ethanol extract for the inhibition of
a-glucosidase means it has the highest inhibition
against the activity of a-glucosidase. This is so
because the lower the ICso of an active substance,
the stronger the potency of that substance in
terms of pharmacological effect (Cortés et al.,
2001; Rashighi & Harris, 2017; Yung-Chi &
Prusoff, 1973). The ICso value of the standard
drug acarbose for a-glucosidase inhibition was
only 1.03 times more potent than that of 50%
ethanol extract, indicating that the 50% ethanol
extract of D. mespiliformis fruit pulp may contain
bioactive phytochemicals with potencies similar to
that of the standard drug acarbose in terms of the
inhibition of a-glucosidase activities.

As presented in Table 2, unlike the inhibition of a-
glucosidase activity, the ICso values for the
inhibiton of a@-amylase activity by D.
mespififormis fruit pulp extracts was lowest at
100% ethanol extract and showed the strongest
inhibition potential. Dissimilar from a-glucosidase
activity inhibition, the ICso values for a-amylase
activity inhibition gradually increased with
increasing water content of ethanol (i.e. binary
solvent system) from 100% ethanol to 50%
ethanol, and became much lower with aqueous
extract than the ethanol:water binary solvent
systems. This observed trend (i.e. reduction of
the potency of these extracts with increased
polarity of ethanol), could mean the following: 1).
That increased polarity of the extraction solvent
has inversely reduced the extraction of potent
phytochemical constituents from the plant’s fruit
pulp that could inhibit the activity of a-amylase.
2). That the bioactive phytochemicals in D.
mespiliformis fruit pulp with the strongest
inhibition potentials against a-amylase activity
could be less polar, and so, were less extracted
by the binary mixtures of ethanol:water, which
showed lower potency against the enzyme's
activity. 3). It could also mean that the active

10

phytochemical constituents of D. mespiliformis
fruit pulp with the strongest potency for inhibiting
a-amylase activity are lipophilic in nature,
therefore, were easily extracted by the less polar
extraction solvent (100% ethanol), thereby
exhibiting the strongest inhibition potential as
shown in Table 2. Previous studies have also
explained that plant polyphenols of diverse nature
are good inhibitors of a-amylase activity
(Aleixandre et al., 2022; Nyambe-Silavwe et al.,
2015; Payan, 2004; Zhao et al., 2021).

DPPH radical scavenging capacity assay is
frequently used to determine the free radical
scavenging ability of various food components
(Dorman & Hiltunen, 2004), The antioxidant
capacity of D. mespiliformis fruit pulp extracts
measured in terms of DPPH radical inhibition, also
indicated that the 50% and 60% ethanol extracts
showed the strongest inhibition potential against
the radical, because they both gave the lowest
ICso values for this assay as presented in Table 3.
These two extracts also gave the highest TPC and
TFC values respectively as presented in Table 4.
This is a strong indication that the antioxidant
compounds in both of these extracts are
polyphenols in nature. It also depicts that the
polyphenols contents of these bioactive extracts
are both lipophilic and hydrophilic in nature (Thoo
et al.,, 2010, 2013). It is also clear that the D.
mespiliformis  fruit pulp extracts contains
phytochemicals with diverse polarity, as such,
none of the solvent combinations used was able
to extract all the phytochemicals of this sample at
a time. This observation was also reported by
(Thoo et al., 2010). This could also explain why
as the polarity of 100% ethanol increases to 50%,
during the extraction, both the TPC and TFC
values increased and became maximum at 50%
and 60% ethanol respectively, which dropped
drastically with aqueous extract as seen in Table
4.

The proximate composition of D. mespiliformis
fruit pulp showed that this fruit is high in crude
fiber, ash, fat, and protein content than those
reported for the seed of D. mespiliformis fruit
(Llouno et al., 2018). The moisture content in this
study is similar to that reported for the seed of D.
mespiliformis seed by Ilouno et al. (2018), but the
carbohydrate content in this study was lower
compared to that reported by Ilouno et al. (2018).
Due to the varied nature of plants and their
chemical compositions, numerous natural
compounds like polyphenols, terpenoids,
saponins, tannins, mono and polyunsaturated
fatty acids, etc. capable of functioning as
antioxidants and antidiabetics among others have
been reported in plant materials.
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The phytochemical profiles D. mespiliformis fruit
pulp extracts expressed chemical constituents of
diverse classes, which are mostly polyphenols,
anthocyanins, organosulfur compounds,
saturated and unsaturated fatty acids, terpenes,
amino and organic acids. The 50% ethanol
extract had the highest TPC, and highest
inhibition against a-glucosidase activity and DPPH
radicals. This extract together with the 60%
ethanol extract were found to contain allicin,
shagaol, linalool, procyanidin  cis-9-cis-12-
octadecadienoic acid, 9, 12-hexadecadienoic
acid, methyl-ester, 9-octadecenoic acid(Z), 14-
octadecenoic acid, methyl-ester and arachidonic
among others. This may indicated that the
polarities of these two extracts are very close
such that they both extracted similar compounds
from the plant matrix, which lead to their
closeness in the inhibition of a-glucosidase
activity DPPH radicals. The polarity of these two
extracts may have also contributed to the
differences in their TPC and TFC contents, hence,
the extraction of more phenolic acids by 50%
ethanol but higher flavonoids by 60% ethanol. n-
Hexadecane n-octadecanoic, n-nonadecane,
were some of the long chain saturated fatty acids
also identified in the studied extracts. A good
member of the flavonoids family, kaempferol was
identified in the aqueous extract of D.
mespiliformis fruit pulp extract. In his work,
Maroyi (2018) have shown that the
phytochemical profiles of Diospyros lycoides
revealed some of the chemical compounds
identified in this work.

Studies have reported that shagaol, allicin and
procyanidin which are some of the identified
constituent of D. mespiliformis fruit pulp,
exhibited antidiabetic, anti-inflammatory,
antioxidant and anti-tumor properties (Annamalai
& Suresh, 2018; Bak et al., 2012; Chung, 2006;
Dasiman et al., 2022; Dugasani et al., 2010;
Elkayam et al., 2003; Gong-chen et al., 2014;
Gruhlke et al., 2017; Jiao et al., 2023; Nadeem et
al., 2022; Rauf et al., 2019; Wei et al., 2017;
Wood et al., 2002; Yi et al., 2019). Another study
demonstrated that shagaol prevented oral
squamous cell carcinoma by activating pro-
apoptotic factors in in vitro and in vivo
experimental model (Annamalai & Suresh, 2018).
Linalool a triterpene alcohol is also a strong
antidiabetic molecule identified in the fruit pulp of
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