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INTRODUCTION
Although there are various medications for the treatment of de-
generative diseases such as cancer, diabetes mellitus, cardiovascu-
lar disorders, and oxidative stress, among other ailments, these 
health conditions remain associated with high mortality globally 
(Furman D, et al., 2019). Apart from synthetic compounds, lit-
erature reports suggest that natural compounds can suppress or 
reverse the progression of these diseases (Li X, et al., 2019). Suf-
fice to say that an estimated 75% to 80% of the world population 
use herbal medicines, usually in developing countries (Süntar I, 
2020), for primary health care due to their easier availability, lesser 
side effects, and better acceptability with the human body. Global-
ly, medicinal plants have been used to foster human health since 
antiquity. Even though accessibility to modern healthcare nowa-
days is faster and much easier, people and communities choose to 
use medicinal plants to promote good health. For example, Jamu 
medicine, traditional Chinese medicine and Ayurvedic medicine 
(Krupa J, et al., 2019). Due to the availability of information con-
cerning the safe use of phytochemicals and bioactive compounds 
as promising options for the management of degenerative dis-
eases, there is a paradigm shift to embrace natural products as 
medicines (Krupa J, et al., 2019; Ahmed IA, et al., 2022). Many 
plant genera have been validated to possess phytocompounds 
eliciting pharmacological effects on humans and animals. A good 
example of a genus with essential pharmacological benefits is Dio-
spyros of the Ebenaceae family (Kamler JF, et al., 2020). 
Diospyros species are important and conspicuous plant trees in 
their natural environments, particularly in Asia and Africa (Kam-
ler JF, et al., 2020; Yao X, et al., 2022). More than 500 species of 
these trees have enormous economic and health values (Guan C, 
et al., 2020; Sulub-Tun RA, et al., 2020; Ramírez‐Briones E, et al., 

2022). They are deciduous, evergreen shrubs and trees that thrive 
in warm regions of the world, such as parts of Africa, the United 
States, China, Italy, India, Turkey, and the middle east, with only 
a few found in temperate regions. In tropical regions, Diospyros 
plants are ethnically used in traditional medicine, particularly 
leaves, fruits, barks, roots, and hard wood as a poultice, powder, 
and tonic to treat many degenerative diseases, and other illnesses 
such as asthma, lumbago, biliousness, atherosclerosis, haemor-
rhage, dermatitis, hypertension, insomnia as well (Rauf A, et al., 
2017; Mishra Y, et al., 2021). 
Diospyros plant species are mainly rich in phenolic and flavon-
oid compounds (Esteban-Muñoz A, et al., 2020; Maulidiani M, 
et al., 2019; Matheus JR, et al., 2020). These compounds exhibit 
antioxidation properties. Antioxidants could be used to treat and 
manage pathophysiological health conditions involving free rad-
icals, such as cardiovascular and neurodegenerative disease. The 
most prominent and established in vitro method for evaluating 
the antioxidant capability of phytochemicals such as phenolics 
and flavonoids is the DPPH radical scavenging assay. 
Diospyros batokana has neither been phytochemically screened 
nor phytochemically studied. This study carried out prelimin-
ary phytochemical screening of secondary metabolites in the 
methanolic leaf extract. Since the widely claimed pharmacological 
benefits of the medicinal plant in traditional Zambian medicine 
might be associated with some of its secondary metabolites, there 
is a need to find out the phytochemical profile of this plant for 
more nuanced prediction and easier verification of its medicinal 
worth. This would help in the identification and isolation of the 
therapeutic lead molecules in the plant for plausible synthesis 
of essential novel drugs in future studies. This study carried out 
LCMS/MS screening and evaluated the total phenolic content, 

ABSTRACT
Diospyros batokana (Ebenaceae) is used traditionally 
in Zambia to treat various ailments among degener-
ative diseases. This study aimed to screen the phy-
tochemicals using chemical tests and LCMS/MS and 
evaluate the total phenolic and flavonoid contents and 
antioxidant activity of methanolic leaf extract of Dio-
spyros batokana. Whereas maceration was used to 
extract phytocompounds for preliminary phytochem-
ical screening, QuEChERS based method was used 
to extract polyphenolics in methanol for LCMS/MS 
screening. Total phenolic content was evaluated using 
the Folin-Ciocalteu method, at 765 nm. Total flavonoid 
content was estimated by aluminium chloride colori-
metric assay at 510 nm. Antioxidant activity was de-
termined using 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) 
free radical scavenging method, at 517 nm. Prelimi-
nary phytochemical screening revealed the presence 
of antioxidants; phenolic compounds and flavonoids, 
and various other important secondary metabolites 
such as alkaloids, terpenoids, and saponins. Total 

phenolic content was estimated at 50.3780 ± 0.1188 
mg GAE/g, whereas total flavonoid content was es-
timated to be 105.5495 ± 0.4066 mg QE/g. LCMS/
MS polyphenolic screening revealed the presence 
of several phenolics and flavonoids such as gallic 
acid, quercetin, Kaempferol-3-O-glucoside, Querce-
tin 3’-O-glucoside, isoflavonoids, and flavones. The 
crude extracts displayed high DPPH free radical scav-
enging activity with a very low IC

50
 value of 13.08 µg/

mL. The high antioxidant capacity of the leaf extract 
of Diospyros batokana Ebenaceae might be the re-
sponse for the use of the plant in traditional medicine 
in Zambia to manage and treat degenerative diseases. 
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total flavonoid content, and antioxidant activity of the leaves of Diospyros 
(D.) batokana (Ebenaceae). 

MATERIALS AND METHODS
Collection and authentication of plant material 
The plant material was collected from the forests of Kalulushi District, 
Copperbelt Province of Zambia. The fresh leaves were collected and air 
dried in the shade. The plant was identified and authenticated as Diospyros 
batokana Ebenaceae by the forest department at the Kitwe District Herb-
arium of the Ministry of Environment and Natural Resources of the Re-
public of Zambia. Figure 1 shows the plant laden with leaves in its natural 
environment.

Drying and size reduction of Diospyros batokana (Ebenaceae) 
leaves 
The leaves of D. batokana (Ebenaceae) were cleaned to remove the adhered 
foreign materials and then washed under tap water, subsequently washed 
with deionised water, air-dried in the shade, and homogenized to a fine 
powder.

Chemicals
Chemicals and reagents used for preliminary phytochemical screen-
ing, UHPLC screening, 1,1-Diphenyl-2-picrylhydrazyl (DPPH), AlCl3, 
folin-ciocalteu’s phenol reagent, sodium carbonate, and HPLC grade 
methanol were obtained from Merck (South Africa).

Sample preparation techniques
Extraction of secondary metabolites for preliminary phytochemical 
screening: Extraction of secondary metabolites was carried out using 
maceration. Briefly, 5 g of powdered dried leaves were soaked in 40 ml 
methanol (80%) and placed in 50 ml centrifuge tubes. The tubes were then 
placed for 10 hours in a water-bath shaker with a temperature of 40°C and 
a shaking vibration frequency of 150 rpm. After cooling, the extracts were 
filtered through a 0.45 μm filter. These extracts were used for preliminary 
phytochemical screening.
LCMS/MS sample preparation based on modification of QuEChERS 
procedure: The extraction of polyphenolic compounds was done follow-
ing the method of QuEChERS (Guo J, et al., 2019). The QuEChERS tech-
nique consists of two steps; Extraction and clean-up. The technique de-
pends on blending solvent with salts to detach the analyte from the sample 
material into acetonitrile. In the present study, the standard QuEChERS 
method was moderately modified. Instead of using acetonitrile, the solvent 
utilised was methanol. This is because methanol is a better solvent in terms 
of inter-molecular forces such as hydrogen bonding needed for effective 
extraction. Acetonitrile relies only on dipole-dipole interactions. Further, 

methanol was chosen as it is the solvent that was used for standards prep-
aration during total phenolic and flavonoid content and DPPH scavenging 
assay. Briefly, 3.0 g of dried powdered D. batokana (Ebenaceae) leaves were 
weighed in a 50 mL polypropylene centrifuge tube. 20 mL HPLC grade 
methanol was added, and the contents were shaken by vortex for a minute. 
After that, 4.0 g MgSO4 and 1.0 g NaCl salts were added. The tube was 
vortexed for a minute and immediately centrifuged (4000 rpm) for 10 min-
utes. The 4.5 mL upper layer supernatant was collected in another centri-
fuge tube for the clean-up stage. Further, a 75 mg anhydrous MgSO4 and 
150 mg PSA was added to the upper layer supernatant during the clean-up 
stage. Subsequently, the tube was vortexed for a minute and immediately 
centrifuged (4000 rpm) for 10 minutes. Finally, the purified extract was 
filtered through a 0.22 µm Tetrafluoroethylene (PTFE) syringe filter before 
LCMS/MS screening.
The adsorbents compounds, PSA removed unwanted substances includ-
ing polar interferences, carbohydrates, organic acids, and pigments, and 
graphitized carbon black was used to remove pigments (chlorophylls). If 
these interferences are not removed from the plant extracts, they would 
interfere with the LCMS analysis. Therefore, it was necessary to use the 
QuEChERS method for sample preparation. 
Extraction of total phenolic content: The extraction of total phenolics 
from D. batokana was carried out using a method from the literature 
(Pakade V, et al., 2013; Ralepele FM, et al., 2021) with modifications. The 
leaves were air dried away from sunlight and ground into powder using a 
mortar and pestle. The extraction was composed of 20 mL methanol (80%) 
and 3.0 g of leaf powder. The contents were sonicated for half an hour. Then 
the extract was centrifuged at 6000 rpm for 10 minutes, and the super-
natant was obtained. In order to attain maximum phenolic recovery, the 
residue was extracted again. The total phenolic content was determined 
using the Folin-Ciocalteu method with the aid of standard gallic acid 
(Ralepele FM, et al., 2021; Makkar HP, et al., 1997).
Extraction of Total Flavonoid Content (TFC): The extraction of total 
flavonoids was carried out using a modified method (Ralepele FM, et al., 
2021; Makkar HP, et al., 1997). Essentially, 3.0 g of dry powdered leaf sam-
ple was extracted using reflux with 100 mL of methanol (80%) for 3 hours. 
The extract cooled naturally for 2 minutes and was centrifuged for 15 min-
utes at 4000 rpm, and a 0.45 µm filter was used to obtain the filtrate that 
was subsequently used to estimate the total flavonoid content.

Methods
Qualitative phytochemical screening: The phytochemical screening of 
the methanolic (80%) extract of the leaves of D. batokana was carried out at 
the Environmental Analytical Chemistry Laboratory, School of Chemistry, 
University of the Witwatersrand, South Africa. 
Phytochemical Screening of the methanolic leaf extract of D. batokana for 
various phytochemical constituents were carried out using standard pro-
cedures from the literature, these being; test for alkaloids (Mukhtar Y, et 
al., 2022), anthraquinones and glycosides (Ebbo AA, et al., 2014), carbohy-
drates (Mukhtar Y, et al., 2022), flavonoid (Ebbo AA, et al., 2014), phenolic 
compounds and tannins (Ahmad T, et al., 2013), proteins (Ahmad T, et al., 
2013), saponins (Ebbo AA, et al., 2014), steroids (Mukhtar Y, et al., 2022), 
terpenoids (Ebbo AA, et al., 2014), and volatile oils (Mukhtar Y, et al., 2022; 
Ebbo AA, et al., 2014).
UHPLC-MS/MS Screening: Ultra-high-performance liquid chromatog-
raphy screening was carried out using a previous method (Ralepele FM, et 
al., 2021) with modifications on a 3000 Series Rapid Resolution LC system 
(Ultimate 3000, Thermofisher South Africa), that is implanted with a vac-
uum degasser, an autosampler, a binary pump, and a diode array detector. 
Essentially, chromatographic separation was done using phenomenex C18, 
and formic acid and acetonitrile as mobile phases A and B, in that order. 
The flow rate was 0.50 mL/min and the gradient was scheduled as in the 

Figure 1: Leaves of Diospyros batokana (Ebenaceae)
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DPPH scavenging activity assay 
A free radical 2,2 Diphenyl Picrylhydrazyl (DPPH) scavenging assay based 
on previous work (Brand-Williams W, et al., 1995) was followed to esti-
mate the antioxidant activity of D. batokana leaves. Scavenging activity is 
the rate at which natural antioxidants attack free radicals and stabilise the 
reactive oxygen species (Rasheed A and Azeez RF, 2019). This procedure is 
used routinely in phytochemical studies because it is fast and accurate, and 
DPPH is able to interact with the whole sample extract. Briefly, the extract 
was composed of 3.0 g of dried D. batokana leaves that were crushed and 
grinded into fine powder. To qualify and quantify the scavenging potential 
of DPPH on the D. batokana methanolic (80%) leaf extract, a stock solu-
tion of DPPH was prepared by combining 50 mg of DPPH with 100 mL 
of 80% methanol. From the stock solution, a working solution was made 
by diluting the stock solution with methanol (80%) using a dilution ratio 
of 1:5 of stock solution to 80% methanol. For the extract, there were five 
quantities, 10, 20, 30, 40, and 50 µL. A reaction mixture was composed of 
the 10-50 µL extract, 700 µL of the working DPPH solution, and this was 
filled up with 290, 280, 270, 260 and 250 µL methanol (80%) to make up 1 
mL. A blank was set up using the 80% methanol, and every time the con-
trol solution was prepared using the working DPPH solution, the absorb-
ance of the control sample was measured. The mixture was incubated in 
the dark for 45 minutes. At a wavelength of 517 nm, a spectrophotometer 
(Spectroquant, Prove 100, Merck, Johannesburg-South Africa) was used to 
measure the absorbance. Inhibition(%) was quantified using the following 
equation-
% Scavenging/Inhibition=(Absample-Abblank)/Abcontrol × 100
Where Absample was absorbance of the sample, Abblank was absorbance of 
the solvent (methanol), and Abcontrol was the absorbance of DPPH working 
solution.

RESULTS AND DISCUSSION
Phytochemical screening using chemical tests 
The data presented in Table 1 shows screening results of methanolic leaf 
extract of D. batokana. Preliminary phytochemical screening of methan-
olic extracts of D. batokana leaves has shown the presence of alkaloids, 
anthraquinones, cardiac glycosides, flavonoids, phenolic compounds, tan-
nins, saponins, steroids, terpenoids and volatile oils. 
Table 1: Results of phytochemical screening of the leaf extract of Dio-

spyros batokana (Ebenaceae)

S.no Metabolites Methanolic extract
1 Alkaloids +
2 Anthocyanins -

order thus: 0 min/5% B; 10 min/35% B; 15 min/95% B; 25 min/5% B. The 
injection volume in the UHPLC system was 10 µL. The UHPLC system 
was co-joined to a QTOF mass spectrometer (Bruker Daltonik GmbH, 
Bremen, Germany). The mass spectrometer was equipped with Electro-
spray Ionization (ESI) that was operated in negative mode. Detection was 
executed in the mass range of 50-1300 m/z, utilizing a capillary voltage of 
+4000 V, and a dry gas temperature of 210°C, at a flow rate of 8.0 L/min. 
Further, 2.0 bar was the nebulizer pressure, and 1 Hz was the spectra rate.
Total phenolic content: Polyphenols are essential phytocompounds pos-
sessing redox properties eliciting antioxidant activity (Mehdi MA, et al., 
2019; Aryal S, et al., 2019). The hydroxyl groups on polyphenols are re-
sponsible for enabling free radical scavenging. Total phenolic content was 
measured in the methanolic (80%) extracts of D. batokana (Ebenaceae) 
leaves using the Folin-Ciocalteu reagent assay (Aryal S, et al., 2019; Pakade 
V, et al., 2013). Essentially, 200 μL of the extract was mixed with a freshly 
prepared solution of 750 μL ten times diluted Folin-Ciocalteu reagent and 
2000 µL of 7.5% sodium carbonate solution. The final mixture was diluted 
by adding ultrapure water to a final volume of 10 mL. After that, the con-
tents were incubated at room temperature and atmospheric pressure in the 
dark for 2 h before measuring the absorbances at 765 nm using a UV-vis-
ible spectrophotometer (Varian, Cary 50 Conc, Darmstadt, Germany). All 
the experiments were carried out in triplicate, and gallic acid was used as 
the calibration standard with standard concentrations of 0, 20, 40, 80, 120, 
160, 200 µg/mL prepared in 80% methanol. Results were recorded as gallic 
acid equivalent and the total phenolic content expressed as mg Gallic Acid 
Equivalent (GAE) per gram. Therefore, the calibration curve of gallic acid 
was drawn (Figure 2).

Evaluation of total flavonoids
The evaluation of total flavonoids followed a previous method (Pakade V, 
et al., 2013) with some modifications. Essentially, 300 µL of the extract was 
put in a 10 mL volumetric flask, and 4000 µL of ultrapure water (Milli-Q) 
was added. After that, 300 µL of NaNO2 (5 g in 100 mL) was added, and 
the contents were shaken well. After 5 minutes, 3000 µL of AlCl3 solution 
(1:100, wt/vol) was also added. The contents were allowed to stand for 6 
min, after which 2000 µL of 1.0 M sodium hydroxide solution was added. 
Finally, 400 µL of ultrapure water (Milli-Q) was added to bring the total 
volume of the reaction mixture to 10 mL. The contents were shaken well 
again, and the absorbance for triplicates was measured at 510 nm using 
a UV-visible spectrophotometer (Varian, Cary 50 Conc, Darmstadt, Ger-
many). Quercetin was used as the standard for the calibration curve. The 
following calibration curve was used to calculate total flavonoid content in 
the methanolic (80%) extract of the sample (Figure 3).

Figure 2: Standard curve of gallic acid

Figure 3: Standard curve of quercetin
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Table 2: Identification of compounds in D. batokana leaf based on their UHPLC MS/MS spectral characteristics in negative ion mode

Peak no. Retention time (RT) [M-H]-(m/z) (Mass spectrometry) MS2 Tentative compound Formula
33 4.19 169.0109 79, 97, 125 (100) Gallic acid C7H6O5

36 4.23 301.0487 169 (100%) Quercetin C15H10O7

39 4.31 169.0113 79, 124, 125 (100%) Gallic acid isomer C7H6O5

41 4.42 447.1766 161, 401 (100%), 402 Kaempferol 3 (2″ galloylglucoside) C28H24O15
42 4.43 463.1616 418, 417 (100%) , 255, 179, 161, 

119, 89
Quercetin 3' O glucoside C21H20O12

46 4.51 301.0491 168, 149, 125, 124, 123 Quercetin isomer C15H10O7
47 5.58 447.1761 161, 139, 119, 113, 101, 89, 71 Kaempferol 3 O glucoside isomer C21H20O11

59 4.92 431.1815 179 (100%), 119, 89 5,7,8-Trihydroxyflavone-7- galac-
toside (Flavones)

C21H20O10

61 4.93 457.1252 164, 163, 120, 119 Daidzein-6’’-Oacetate (Isoflavo-
noids)

C23H22O10

65 4.98 431.1832 385 (100%), 179, 119, 89 5,7,8-Trihydroxyflavone-7- galac-
toside (Flavones) isomer

C21H20O10

66 5 431.1834 385 (100%), 223,  179, 161, 153, 
119, 89

5,7,8-Trihydroxyflavone-7- galac-
toside (Flavones) isomer

C21H20O10

76 5.26 479.0707 - Ajugasterone C isomer C27H44O7

84 5.49 463.0754 301, 300, 271, 255 6-Hydroxykaempferol-3- glucoside 
(Flavonols)

C21H20O12

88 5.56 447.1393 4.3, 4.2, 401 (100%), 269, 
161,113, 101, 85, 71

Kaempferol 3 O glucoside isomer C21H20O11

99 6.32 301.029 227, 209, 183 (100%), 178, 150 Quercetin C15H10O7

103 6.53 329.2254 229, 211, 171, 139 1 O Vanilloyl beta D glucose C14H18O9

106 6.7 137.0202 108, 94, 93 (100%) 2 Methoxy 1,4 benzoquinone C7H6O3

133 7.84 293.1681 236, 221 (100%), 220, 205 Nordihydrocapsiate (Methoxyphe-
nols)

C17H26O4

149 8.28 293.1693 236 (100%), 221 (94.1), 220, 205 Nordihydrocapsiate (Methoxyphe-
nols) isomer

C17H26O4

batokana leaf extract shows that the leaves have a complex phenolic profile 
that may help to explain the beneficial effects of the traditional use of the 
plant as a medicinal herb.

Total phenolic content 
Phenolic compounds are essential phytocompounds with a redox char-
acter offering antioxidant potential (Yildiz S, et al., 2021). The free rad-
ical scavenging ability of phenolic compounds results from the hydroxyl 
groups in these compounds. Consequently, the total phenolic content 
of the D. batokana methanolic (80%) leaf extract was determined using 
the Folin-Ciocalteu reagent as described earlier total phenolic content. 
The results presented in Table 3 were obtained using a calibration curve 
(y=0.00486x-0.00975, R2=0.999) of gallic acid (0-200 µg/mL) and ex-
pressed in mg of Gallic Acid Equivalent (GAE) per g of extract. The total 
content of phenolic compounds in 80% methanolic extract of D. batokana 
leaves was determined to be 50.3780 ± 0.1188 mg GAE/g. The extraction 
technique and solvent type are some parameters responsible for dissolv-
ing analytes of interest from plant material (Krakowska-Sieprawska A, et 
al., 2020; Tzanova M, et al., 2020). Phytocompounds can either be polar 
or nonpolar. Phenolic compounds being organic and polar in nature, are 
obviously more soluble in polar organic solvents, and thus methanol was 
chosen as the extracting solvent in this study. It must be noted that the re-
sults for total phenolic content cannot show the content of compounds that 
are more specific in the extract obtained (Macheix JJ, et al., 2018; Hrnčič 
KM, et al., 2019; Rožanc J, et al., 2021). Consequently, total flavonoid con-
tent has to be determined as a presumption of a more specific chemical 

3 Anthraquinones +
4 Carbohydrates +
6 Flavonoids +
7 Cardiac glycosides +
8 Proteins +
9 Saponins +

10 Steroids +
11 Tannins +
12 Terpenoids +
13 Phenolics +
15 Volatile oils +

Note: +: Present and -: Absent 

LCMS/MS screening
LCMS/MS screening of D. batokana leaves was interesting for the plant’s 
phytocompounds, mainly polyphenols that may present a valuable in-
fluence on human health (Yan Z, et al., 2020). The polyphenolic LCMS/
MS screening of D. batokana leaves was carried out in the negative mode, 
where a higher number of phenolic compounds were found with higher 
intensity. In total, 19 polyphenols were identified with the aid of literature 
(Maulidiani M, et al., 2019; Ressaissi A, et al., 2021), including gallic acid, 
quercetin, Kaempferol-3-O-glucoside, Quercetin 3’-O-glucoside, isofla-
vonoids, and flavones (Table 2). Qualitative polyphenol screening of D. 
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IC50 value is indicative of lower antioxidant potential.
Medicinal plants are a rising and possible source of traditional medicine 
for managing, controlling, and treating both human and animal maladies 
(Dzoyem JP, et al., 2020). Various plant secondary metabolites have been 
found to exhibit medicinal characteristics and are extensively used in trad-
itional medicine in Zambia in particular and Africa in general (McGaw LJ, 
et al., 2022). Preliminary phytochemical screening is carried out to reveal 
the presence of important phytocomponents in plant extracts, which as-
sists in the discovery of novel drugs with beneficial pharmacological ef-
fects and finding out the ingenuity of the drug (Bharathi PS, et al., 2010). 
Preliminary phytochemical screening results revealed the presence of al-
kaloids, glycosides, flavonoids, phenolic compounds, tannins, saponins, 
steroids, terpenoids and volatile oils in the methanolic (80%) extract of D. 
batokana leaves. This is the first preliminary phytochemical screening re-
sults on the plant. 

The occurrence of these phytocompounds is indicative of the multi-appli-
cation of D. batokana plant in Zambian traditional medicine. For example, 
the analgesic properties of the plant could be attributed to the presence of 
alkaloids. Alkaloids like codeine and morphine have been found to possess 
analgesic properties (Bribi N, 2018). Further, the presence of anthraquin-
ones makes the plant a good candidate for its use in cancer treatment. 
Anthraquinones possess anticancer, anti-arthritic and laxative activities 
(Cheemalamarri C, et al., 2022). In addition, the plant possesses phenolic 
compounds, which have been associated with antioxidative properties due 
to the presence of carboxylate and hydroxyl groups (Olszowy M, 2019). 
This might be why the plant under study is traditionally used to manage 
degenerative diseases such as diabetes in Zambia. Therefore, the leaf ex-
tract was investigated for antioxidant activity in this study. 
The occurrence of cardiac glycosides in D. batokana may be behind its 
effectiveness in treating hypertension as traditional medicine. Cardiac 
glycosides are great diuretics and further impact the heart favourably with 
unmediated activity on the heart, aiding its sturdiness and rate of shorten-
ing as it contracts (Mukhtar Y, et al., 2022; Das BB, et al., 2021). In this vein, 
the plant might be a viable alternative for the management and control of 
heart diseases, and therefore, its lead cardiac glycosides responsible for this 
activity should be structurally elucidated.

group of compounds. 

Total Flavonoid Content (TFC)
The results of spectrophotometric estimation of the total flavonoid con-
tent in terms of standard quercetin are presented in Table 4. The deter-
mination method was based on the complexation reaction of flavonoids 
with aluminium chloride in a colorimetric method. It was found that the 
total flavonoid content was 105.5495 ± 0.4066 mg QE/g in the methanolic 
(80%) leaf extract (di Santo MC, et al., 2021; Gulcin İ, 2020). Quercetin 
Calibration standard solutions were prepared in triplicate and studied 
under ambient conditions. The calibration curve was found to be linear 
in the run 0.0300 µg/mL standard quercetin. The regression equation 
(y=0.00142x-0.00213) and R2=0.999 showed a good linearity reciprocation 
for the spectrophotometric method followed for estimating total flavonoid 
content. The chemical structure of flavonoids is founded on a fifteen-car-
bon skeleton with two benzene rings linked through a heterocyclic pyrene 
ring. The biological activities of these phytocompounds rely on certain 
elements, including their general class structure, substituents, conjugation, 
and extent of both polymerisation and hydroxylation (Savych A and Ma-
zur O, 2021). In general, functional group hydroxyls in flavonoids bring 
about their antioxidant influence by chelating metal ions and scavenging 
free radicals. It has to be noted that antioxidant potential of flavonoids in 
the management, treatment, control and prevention of degenerative dis-
eases is crucial in suppressing Reactive Oxygen Species (ROS) formation 
either by inhibiting enzymes or by chelating the trace elements involved 
in the formation of free radicals (Dzoyem JP, et al., 2020); reactive oxy-
gen species quenching; inhibiting the enzymes that facilitate the formation 
of ROS such as mitochondrial succinoxidase, glutathione S-transferase, 
xanthine oxidase, nitric oxide synthase, Nicotinamide Adenine Dinucleo-
tide Phosphate (NADH) oxidase, microsomal monooxygenase and so on 
(Savych A and Mazur O, 2021). Consequently, the high flavonoid content 
in the D. batokana leaves indicates these herbal drugs capacity to arrest 
the development of oxidative stress, the major pathogenic mechanism of 
degenerative diseases.

Table 4: Total Flavonoid Content (TFC) of D. batokana (Ebenaceae) 
leaves (n=3)

Replicate 
extracts

Absorbance 
(λ=510 nm) 

Concentra-
tion

TFC (µg/
mL)

STD

A 0.378 267.6072 267.4624 0.406585
B 0.378 267.6972
C 0.377 266.993

Antioxidant activity
The radical scavenging activity of the D. batokana leaf extracts was deter-
mined by using the DPPH assay. The potentiality of D. batokana leaves to 
act as a reductant in turning the deep purple colour of DPPH to its reduced 
yellow form DPPH-H was examined. The radical scavenging activity was 
found to be 47.67, 58.14, 68.60, 84.22 and 97.18% at concentrations of 10, 
20, 30, 40, and 50 μg/ml respectively (Figure 4). On the other hand, IC50 
was found to be 13.08 µg/mL. The IC50 indicates the scavenging power of 
the leaf extract. On the one hand, a lower IC50 value, as found in this study, 
indicates a high antioxidant activity, as the extract scavenges or quenches 
the free radicals at a lower concentration, and on the other hand, a high 

Table 3: Total Phenolic Content (TPC) of D. batokana (Ebenaceae) leaves (n=3)

Replicate extracts Absorbance (λ=765 nm) Concentration TPC (µg/mL) STD
A 0.611 127.7263 127.6578 0.118796
B 0.61 127.5206
C 0.611 127.7263

Figure 4: % radical scavenging assay
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The presence of flavonoids in the leaf of D. batokana indicates that the 
plant might possess antibacterial, antioxidant, antifungal, antiviral and 
antidiabetic potentialities because such pharmacological activities are as-
sociated with flavonoids (Alam F, et al., 2022; Rasouli H, et al., 2019; Ul-
lah A, et al., 2020). Further, the plant was found to contain saponins in its 
leaves. These metabolites are associated with lowering cholesterolemia and 
assist the body in absorbing calcium (Mukhtar Y, et al., 2022). Thus, D. 
batokana is a promising medicinal plant for the prevention and treatment 
of arthrosclerosis which is a health challenge usually precipitated by too 
much cholesterol. 
The presence of tannins might explain several medicinal properties of D. 
batokana. Firstly, tannins are useful for treating skin inflammation and 
promote wound healing by precipitating proteins present on the wound, 
hence creating a protecting film on the wound, and in this way help in 
arresting bleeding (Ren YY, et al., 2021). Secondly, tannins have also been 
used in treating diarrhoea (Girard M and Bee G, 2020; Russo M, et al., 
2018) and traditionally for protecting the inflamed outer layer of the 
mouth and treating wounds and catarrh (Fraga-Corral M, et al., 2021). 
Furthermore, steroids were also tested to be present in the leaves of D. bato-
kana, therefore validating the plant’s application to act against diarrheal in 
traditional herbal medicine (Mekonnen B, et al., 2018).
The health benefits of polyphenolic compounds have been alluded to and 
are well documented, including their potential antioxidant effects (Car-
rara M, et al., 2021). The results of total phenolic and flavonoid content 
are presented in Tables 3 and 4. The content of these polyphenols is com-
mensurate with the LCMS/MS screening results, which revealed several 
phenolics and flavonoids, including gallic acid, quercetin, Kaempferol 3 O 
glucoside, Quercetin 3’ O glucoside, isoflavonoids, and flavones. Further, 
the enhanced polyphenolic content is in tandem with the enhanced anti-
oxidative capacity of the extract, as revealed by DPPH radical scavenging 
activity results. The low IC50 value of 13.08 µg/mL indicates higher rad-
ical quenching ability and consequently better and desirable antioxidant 
potential. The results suggest that using D. batokana leaves can improve 
human health and potentially reduce the damaging action of free radicals 
that enhance the progression of degenerative diseases related to oxidative 
stress, such as cancer and diabetes mellitus.

CONCLUSION
Preliminary phytochemical screening of D. batokana leaves revealed the 
presence of important secondary metabolites alkaloids, glycosides, fla-
vonoids, phenolic compounds, tannins, saponins, steroids, terpenoids 
and volatile oils. These phytocompounds are responsible for the observed 
therapeutic effects of the medicinal plant in traditional Zambian medi-
cine. Further, the presence of significant amounts of phenolic compounds 
and flavonoids was in tandem with the tested high antioxidant activity of 
the plant. This is because polyphenols are major contributors to the anti-
oxidant potential. Thus, D. batokana leaves are a potential source of natural 
antioxidants.
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