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Introduction: The increase in antimicrobial resistance has necessitated the screening of 
medicinal plants as potential agents for the treatment of microbial infections. The aim of 
the research was to explore antimicrobial activities of identified local plants, namely: Kigelia 
africana, Maytenus chasei, Ximenia caffra, and Schrebera alata. 
Methods: The powdered leaves of the selected plants were extracted using ethanol, hexane, 
ethyl acetate, methanol, and water as solvents, and phytochemical contents were determined. 
DPPH (1,1-diphenyl-2-picrylhydrazyl) assay was used to determine the antioxidant activities 
of the extracts. Plant extracts were tested against bacterial ATCC strains for their antimicrobial 
properties. 
Results: Hexane and water extracts of K. africana showed the highest percentage yield (16.15% 
and 8.85%, respectively). The highest phenolic content was found in water extracts of S. alata 
(14.07 ± 4.8 mg/g) and ethanol extracts of M. chasei (8.6 ± 1.53 mg/g), while the highest 
flavonoid content was found in the ethyl acetate extract of M. chasei (997.34 ± 52.04 mg/g). 
For all the tested plant extracts, the ethanol extract of M. chasei showed the best IC50 value of 
± 4.71 µg/mL against DPPH compared to other plant extracts. The water extracts of all the 
tested plants also showed high antioxidant activities. Extracts of X. caffra and S. alata showed 
comparable inhibitions to ciprofloxacin (P > 0.05) against all tested organisms. 
Conclusion: The findings of the study suggest that the compounds in the plant extracts 
contained both antioxidant and antibacterial activities and these plants might be considered for 
the treatment of bacterial infections.
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A B S T R A C T

Introduction
The use of medicinal plants dates back many decades ago, 
and they have proven their value as a source of products and 
molecules with therapeutic potential (1-3). This practice is 
set to continue in the coming years and with the attention 
they get, there will be an improvement in medicinal plant 
use practices, especially in the potency, safety, and efficacy 
of these plants (4,5). Medicinal plant parts such as barks, 
stems, leaves, acorns, and roots are used for the treatment 
of various ailments, such as hypertension, diabetes, male 

infertility, and bacterial infections (6,7).
According to the World Health Organization (WHO), 

70% of the global population relies on medicinal flora for 
primary healthcare and the treatment of many ailments. 
About 35 000 to 70 000 plant species are used to cure 
bacteria caused diseases. Most African healthcare facilities 
have limited modern medical treatments, and they rely on 
medicinal plant use because of lower costs, ease of access, 
and fewer adverse side effects (4,7). Many South Africans 
depend on traditionally used plants to cure bacteria caused 
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diseases and these practices occur in many communities 
of various settings. This has prompted the increased 
exploration of medicinal plants as potential alternative 
treatment sources for human infectious diseases and 
other ailments (8,9). Medicinal plants are potential agents 
in combating microorganisms that cause diseases and to 
decrease resistance resulting from antibiotic usage (10-
12). Historically, ethnomedicine has been used for the 
prevention and treatment of various diseases and most of 
the plants have shown different bioactivities ranging from 
antioxidants, antibacterial, and hypoglycemic activities 
(13,14). 

Kigelia africana, Maytenus chasei, Ximenia caffra, and 
Schrebera alata are commonly used by the traditional 
healers in southern Africa. The ethnomedicinal usage of 
these plants has also been reported. The traditional usage 
of K. Africana and M. chasei include treatment of skin 
disorders, malaria, hemorrhoids, cancer and gynecological 
complaints (15,16). The leaves and root of X. caffra is used 
for the treatment of wounds, infections, fever, infertility, 
and diarrhea (17). The stem bark, root, leaves of S. alata are 
used for the treatment of cardiovascular diseases and their 
associated risk factors (18). Generally medicinal plants are 
considered safe to use with less side effects, however they 
can be toxic when taken in high doses, or uncontrolled 
usage for a significantly long duration (5), or when taken 
with synthetic antibiotics (12). This necessitates the need 
for the scientific investigation of these plants to determine 
their safety, bioactive ingredients, and bioactivities. 
Hence, the aim of this present study is to investigate 
the phytochemical contents, antioxidants activities and 
antimicrobial properties of K. africana, M. chasei, X. 
caffra, and S. alata. These plants were selected based on 
their common use by traditional healers and communities 
in rural areas in South Africa.

Recent report suggests that K. africana inhibits cell 
proliferation and induced cell death in neuroblastoma 
cell lines (19). The seed oils of K. Africana and X. caffra 
have also been reported to possess anti-proliferative 
effects on hormone-dependent (MCF-7) and cytotoxic 
effects on hormone-independent (MDA-MB-231) breast 
cancer cells (20). However, there is limited data in the 
literature on the scientific investigation on M. chasei. 
Plant extracts have been reported to be effective on 
against gram-positive bacteria than on gram-negative 
ones. This is due to the lipopolysaccharide barrier in 
the outer membrane of gram-negative bacteria which 
disallows the entrance of various molecules. Also, gram-
negative bacteria possess innate resistance because of 
systems like the release of specific enzymes, porin loss 
and bacterial transport proteins, which are involved in 
extruding substrates, which gram-positive do not possess, 
hence permitting easier entry of phytochemicals through 
the bacterial cell membrane (21,22). With the presented 
evidence on the efficacy of some medicinal plants in 
curing various ailments, it is prudent to explore these 

plants for therapeutic use, especially on bacteria caused 
diseases that affect many people globally (10). This study 
aimed to explore the antibacterial activities of some South 
African plants, namely: K. africana, M. chasei, X. caffra, 
and S. alata.

Materials and Methods
Plant materials
The leaves of the K. africana (44/1977, 106/1970, 
106/1972), M. chasei (0816720), X. caffra (204/1985, 
24/1969), and S. alata (568/1968) plant species were all 
collected in the summer from labeled trees in December 
2019 from the Lowveld Botanical Garden, Mbombela, 
Mpumalanga province, South Africa. The place of 
deposition was at the Lowveld Botanical Garden. All the 
plant materials were cleaned with distilled water and air-
dried. The plant materials were then ground into powder 
using a laboratory electric grinder and stored in air-tight 
containers until further use. 

Plant material extraction
About 20 g of each plant powder was weighed and mixed 
with ethanol (Merck, Germany), ethyl acetate, hexane, 
methanol (Sigma Aldrich, Germany), and water, then 
shaken for 24 hours at an ambient temperature of 25 °C 
in a YIHPER LM-600RD orbital shaker incubator and set 
at 120 rpm (Thermofisher, UK). Each extract was then 
filtered into a 50 mL bottle using 100 mm Whatman No 1 
filter paper (Sigma Aldrich, Germany). Aqueous extracts 
were then frozen at -80 °C for 48 hours and further 
processed through freeze drying machine. Ethanol, 
methanol, ethyl acetate, and hexane solvents in the extracts 
were completely removed by a rotary evaporation at 50 °C, 
then the dried powder was stored at room temperature in 
labeled vials for use in subsequent experiments.

Determination of the phytochemical contents
Total phenolics
A total phenolic content (TPC) test was done to determine 
the amount of phenolic content in the plant extract. 
Phenolic compounds have redox properties, and these 
properties allow them to act as antioxidants (23). The 
phenolic contents were determined using the 96 well 
plates as described by (24) with some modifications. 
Folin-Ciocalteu (Sigma Aldrich, Germany) reagent was 
prepared by adding 20 mL of the solvent into 20 mL of 
distilled water, 25 µL of the solution was then added into 
tannic acid solution (1 mg/mL) of different volumes (2-10 
µg/mL) prepared in distilled water, then followed by the 
addition of 125 µL of NaCO3 (15 g of NaCO3 into 50 mL 
of distilled water) into the mixture; These were then used 
to prepare the standard calibration curve. The absorbance 
was recorded at a wavelength of 725 nm.

The plant extracts (20 µL) were mixed with 100 µL of 
Folin-Ciocalteu, followed by 80 µL of NaCO3 resulting in 
a volume of 200 µL. The mixture was then put in the dark 
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for 30 minutes to prevent phenols from reacting with light 
and the absorbance was recorded at 725 nm. The phenolic 
constituent was calculated using the following equation: 
phenolic constituent was computed with the use of the 
equation below: 

Y= 0.004x, 
R2 = 0.99, as tannic acid equivalents (TAE)/100 g of the 
extract, Y is the absorbance and x is the TAE (µg/mL).
Then, the TPC was computed with the use of the equation 
below: 

TPC = TAE × V/W.
which V is the extract volume in the reacting solution 

(mL); and W is the weight of the extract (g). 

Total flavonoid content
This method described by Odeyemi et al, was used to 
quantify flavonoids in the plant extracts. Flavonoids are 
of importance in human health due to their free radical 
scavenging activities, inhibiting hydrolytic and oxidative 
enzymes, and anti-inflammatory activities (23). The 
flavonoid content was determined using 96 well plates 
as described by Odeyemi and Afolayan (24). A total of 
1 g of 2% aluminum trichloride (AlCl3) (Sigma Aldrich, 
Germany) was prepared by adding to 50 mL methanol; the 
mixture was mixed with Quercetin (Sigma Aldrich, South 
Africa) (100 µg/mL), the standard or the plant extract 
(2, 4, 6, 8, 10 µL), followed by distilled water in different 
volumes (40, 42, 44, 46, 48, 50 µL). The absorbance was 
recorded at a wavelength of 415 nm.

The equation Y= 0.0025x (R2 = 0.9743) was used for the 
calibration curve and the results were expressed as grams 
of quercetin equivalent (QE)/100 g of the extract, where Y 
= absorbance and x = catechin equivalent (µg/g).

The total flavonoid content was calculated as QE/100 g 
by the following equation: 

TFC = C × VT/W
Where TFC = flavonoid content of the extract; C = 

concentration of Quercetin from the calibration curve 
(µg/g); VT = volume of the extract in the reacting solution 
(mL); and W = weight of the extract (g)

Determination of antioxidant activity
The antioxidant activity of extracts was measured using 
the DPPH free radical scavenging reaction. This free 
radical is stable at room temperature and is reduced in 
the presence of an antioxidant molecule resulting in a 
colorless methanol solution (25). The DPPH activity was 
determined using a 96-well microtiter plate as previously 
described (26) with some modifications. About 25 µL 
of methanol was added to all the wells, then 4-20 µL of 
the plant extracts (100 µg/mL) and methanol were used 
as a blank solution. Ascorbic acid (100 µg/mL) (Sigma 
Aldrich, South Africa) was used as a positive control. 

The test was done in triplicates. Water was also added 
in each well in a decreasing sequence from–80-100 µL, 
followed by 50 µL of 0.135 Mm DPPH solution (Sigma 
Aldrich, South Africa) in each well. The solutions were 
then vortexed and incubated at room temperature for 
30 minutes in the dark to prevent DPPH from reacting 
with the sun; the absorbance was recorded at 517 nm. The 
decrease in absorbance was measured against the control, 
followed by the calculations of the scavenging ability of 
the plants. The antioxidant activities of the plants and 
the half-maximal inhibitory concentration (IC50) of the 
samples were calculated. The percentage of inhibition was 
calculated as follows:

DPPH % scavenging activity = ([Abs control - Abs sample]/Abs 
control) × 100

where Abscontrol is the absorbance of DPPH with methanol 
and Abssample is the absorbance of DPPH with sample (or 
standard).

Determination of the minimum inhibition concentration 
(MIC) values
To determine the lowest concentration of K. africana, M. 
chasei, X. caffra, and S. alata effective against bacterial 
ATCC strains, E. coli (ATCC 25922), Pseudomonas 
aeruginosa (ATCC 27853), Klebsiella pneumoniae (ATCC 
13883), Enterococcus faecalis (ATCC 29212) (Anatech 
Analytical technology, South Africa), the minimum 
inhibitory concentration (MIC) test was done on 96 well 
microtiter plates (27). Bacterial ATCC strains cultured 
on nutrient agar (Sigma Aldrich, South Africa) was 
incubated overnight at 37°C and diluted (1.5 × 108 CFU/
mL of bacterial cells) with saline broth. About 100 µL of 
each extract (500 µg/mL in 5% DMSO) was added to a 
96-well plate containing 100 µL of freshly prepared broth 
and serially diluted. Ciprofloxacin was used as the control. 
After 24 hours incubation at 37 °C, about 40 µL of 0.2 
mg/mL iodonitrotetrazolium chloride (Sigma Aldrich, 
Germany) was added to each well and incubated for 30 
minutes at 37 oC. 

Statistical analysis
All the tests were performed in triplicate. The data were 
presented as mean ± standard deviation (SD). Regression 
was performed using the Microsoft Excel program. The 
significant difference was P < 0.05.

Results
The percentage yield of crude extracts
The subsequent percentage yields of the plants were 
determined after extraction preparation using water, 
ethanol, methanol, hexane, and ethyl acetate (Table 1). 
Hexane extract of K. africana had the highest percentage 
yield for all crude extracts, followed by water extract; the 
least was hexane extract of X. caffra.
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Total phenolic and flavonoid contents
The total phenolic and flavonoid contents of different 
extracts are presented in Table 2 and Table 3, respectively. 
The highest phenolic content was found in the S. alata 
water extract (14.07 ± 4.8 mg TAE/g), followed by M. 
chasei ethanol extract (8.6 ± 1.53 mg TAE/g), methanol 
extract (7.93 ± 1.33152 mg TAE/g), and water extract 
(6.32 ± 0.76 mg TAE/g), respectively. The aqueous solvent 
extracted more phenolics than other solvents except in K. 
africana and M. chasei, which were lower than the ones of 
ethanol and methanol solvents. The contents of flavonoids 
found in all the extracts were higher compared to their 
phenolic contents; the values were in the range of 21.76 
± 5.24 to 997.34 ± 52.04 mg QE/g. Hence, the M. chasei 
ethyl acetate extract (997.34 ± 52.04 mg QE/g) showed 
the highest flavonoid contents followed by K. africana 
ethyl acetate extract (871.5 ± 46.66 mg QE/g), S. alata 
ethanol extract (558.25 ± 69.4 mg QE/g), and M. chasei 
methanol extract (417.55 ± 31.03 mg QE/g), respectively. 
The ethyl acetate, ethanol, and methanol extracts showed 
higher flavonoid contents in all the plants except the ethyl 
acetate; lower flavonoid content was observed in X. caffra.

Antioxidant activity
The ability of the extracts to reduce DPPH radicals 
showed an increase in the percentage inhibition with 
increasing concentrations (Figure 1). The half maximum 
inhibition showed that the ethanolic extract of M. chasei 
(13.66 ± 4.71 µg/mL) had the best activity compared to all 
the investigated samples and control (Table 4). There was 
no clear pattern in the effect of the solvent extraction on 
the activities. The water extract of X. caffra (73.1 ± 1.3 µg/
mL), methanol extract of S. alata (52.96 ± 1.97 µg/mL), 
water and methanol extracts of K. africana (66.64 ± 1.67 
and 67.34 ± 2.08 µg/mL), and ethanol extract of M. chasei 
(13.66 ± 4.71 µg/mL) showed better activities compared to 
different extractions of each plant.

Antibacterial activity
The MIC was used to determine the antibacterial activities 
of the plant extracts on selected gram-negative and gram-
positive bacteria. The values of MIC ranged from 0.25 mg/
mL to 0.5 mg/mL. The highest activities were by X. caffra 
and S. alata extracts against P. aeruginosa, E. coli, and K. 
pneumoniae, which were comparable to ciprofloxacin 

Table 1. Percentage yield (%) of crude extracts of the selected plant species using water, ethanol, methanol, hexane, and ethyl acetate as solvents

Plant species
Yield (%)

Water Ethanol Methanol Hexane Ethyl acetate

Ximenia caffra 2.95 4.50 7.25 0.75 1.50 

Schrebera alata 2.85 2.80 4.05 1.25 1.80 

Maytenus chasei 1.06 5.70 6.20 2.45 1.25

Kigelia africana 8.85 1.70 2.45 16.15 1.70 

Table 2. Total phenolic contents of selected plant extracts

Plant species 
Total phenolic content

Water Ethanol Methanol Hexane Ethyl acetate

Ximenia caffra 3.71 ± 0.6 - 0.84 ± 0.67 - -

Schrebera alata 14.07 ± 4.8 1.15 ± 0.14 1.45 ± 0.08 - -

Maytenus chasei 6.32 ± 0.76 8.6 ± 1.53 7.93 ± 1.33 - -

Kigelia africana 0.63 ± 0.46 4.33 ± 0.14 3.17 ± 1.00 - 0.53 ± 0.02

All values are represented as mean ± SD; Tannic acid equivalent per gram of sample mgTAE/g; - : not determined.

Table 3. Total flavonoid contents of selected plant extracts

Solvent used
Total flavonoid content

Ximenia caffra Schrebera alata Kigelia africana Maytenus chasei

Hexane 21.76 ± 5.24 416.34 ± 36.72 56.64 ± 13.52 243.55 ± 57.76

Ethyl acetate 33.94 ± 5.92 381.42 ± 70.82 871.5 ± 46.66 997.34 ± 52.04

Ethanol 257.09 ± 39.67 558.25 ± 69.4 334.29 ± 76.02 323.28 ± 78.35

Methanol 286.33 ± 75.47 212.23 ± 64.5 272.37 ± 23.03 417.55 ± 31.03

Water 76.44 ± 8.94 132.55 ± 3.00 311.04 ± 40.55 46.10 ± 2.49

All values are represented as mean ± SD; Quercetin equivalent per gram of sample (QE/g).
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(Table 5). The ethanol, ethyl acetate, hexane, methanol, 
and water extracts of X. caffra and S. alata showed better 
inhibition against all tested organisms except E. faecalis, 
comparable to ciprofloxacin, which was used as a positive 
control.

Discussion
The screening for phytochemicals and antioxidant 
activity remains vital in determining the presence and 
levels of phytochemical concentration in different plants. 
The different extraction yields in this study suggest the 
importance of the polarity of the solvents in the extraction 
of phytochemicals. This could also be attributed to the 
nature of the compounds present in the plant samples 
(25).

Polyphenolics are important secondary metabolites 
in plants that have been reported to possess therapeutic 

uses such as antioxidant, antidiabetic, anticarcinogenic, 
and antimutagenic activities (26). The two plants with 
the highest polyphenolics (S. alata and M. chasei) had 
their highest yields with ethanol, methanol, and aqueous 
solvents. This is similar to previous reports that aqueous 
and methanolic extracts contained abundant polyphenols; 
these solvents are suitable for the isolation of polyphenols 
(24,27). The higher phenolic content of the aqueous 
extract of S. alata (14.07 ± 4.8 mg TAE/g) compared to 
ethanol (1.15 ± 0.14 mg TAE/g) and methanol (1.45 ± 
0.08 mg TAE/g) used as extracting solvents was similar 
to a previous report on S. alata (28). The polyphenolic 
contents of K. africana observed in this study corroborated 
with previous reports and have been linked with the major 
pharmacological activities of this plant (29,30). There are 
a lot of strategies currently used to rapidly determine 
plant extracts’ antioxidant activities in vitro (31). One of 

Figure 1: Graphical illustration of DPPH (1,1-diphenyl-2-picrylhydrazyl) scavenging activity of ethanol, hexane, ethyl acetate, methanol, and water extracts 
of the selected plant extracts. A: Ximenia caffra; B: Schrebera alata; C: Kigelia africana; D: Maytenus chasei and ascorbic acid. Values are expressed as 
DPPH % inhibition and concentration of extracts in µg/mL.

Table 4. Half maximal inhibitory concentrations (IC50 µg/mL) of four selected plant extracts

Solvents  Ximenia caffra Schrebera alata Kigelia africana Maytenus chasei

Hexane 293.24 ± 1.09 285.07 ± 0.66 172.69 ± 1.41 102.89 ± 2.06

Ethyl acetate 550.92 ± 5.78 156.67 ± 1.34 76.85 ± 0.32 105.10 ± 2.89

Ethanol 128.65 ± 1.05 74.84 ± 1.72 67.34 ± 2.08 13.66 ± 4.71

Methanol 81.67 ± 1.33 52.96 ± 1.97 71.03 ± 1.17 89.05 ± 1.49

Water 73.10 ± 1.3 63.88 ± 1.15 66.64 ± 1.67 79.27 ± 2.05

Ascorbic acid 71.159 ± 2.08 29.27 ± 1.04 54.28 ± 1.08 59.05 ± 2.00
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the techniques used is the measurement of the electron 
donation ability of medicinal plants to reduce DPPH 
which is evident by the decolorization of the purple-
colored solution. Antioxidants fight against free radicals 
and are involved in the prevention of various diseases. 
They exert their actions either by scavenging the reactive 
oxygen species or protecting the antioxidant defense 
mechanisms (32). 

The DPPH antioxidant assay was chosen based on 
previous reports suggesting the structural interactions 
between both the bioactive compounds in the samples 
and the antioxidant constituents of DPPH (24,33). The 
plant extracts that showed good antioxidant activities 
might contain some antioxidative phenolic compounds. 
There is a strong relationship between phenolic contents 
and antioxidant activity (34). The antioxidant activity of 
a plant extract plays an important role in its therapeutic 
benefits, and this is attributed to the presence of 
phenolics and flavonoids in the extract (35). Flavonoids 
can scavenge free radicals showing oxidative properties 
(36). The presence of high oxidant compounds and free 
radical-reducing abilities of plants justifies the importance 
of plants for medical purposes (37). 

In the present study, among all the samples investigated, 
M. chasei ethanol extract showed significantly higher 
scavenging activity with the IC50 of 13.66 ± 4.71 µg/mL, 
followed by methanol extract of S. alata with the IC50 of 

52.96 ± 1.97 µg/mL. Also, the higher antioxidant activity of 
M. chasei ethanol extract observed in this study correlated 
positively with its TPC. In sum, it is evident from this 
study that higher polyphenolic contents correlate with 
higher antioxidant activity. The high antioxidant activity 
of the plant extracts observed in this study was also related 
to the solvent of extraction and the presence of phenolic 
compounds. Previous reports have also suggested the 
correlation between the phenolic contents of plant extracts 
and their antioxidant activities (26,38,39). 

The use of medicinal plants for the treatment of bacterial 
infections is largely due to their widespread availability, 
less drug resistance, and few or no side effects (40). The 
present study corroborates with previous reports on 
the antibacterial activities of X. caffra and S. alata and 
suggests broad-spectrum antimicrobial activities against 
these pathogens (41-43). 

Medicinal plants that are used in traditional medicine 
with MICs <8 mg/mL may have some antimicrobial 
activity and are suitable for the treatment of infections 
(44). Therefore, the MICs of X. caffra and S. alata suggest 
their potent antimicrobial activities and the observed 
activities might be due to the presence of broad-spectrum 
antibiotic compounds present in the plant extracts (45). 

The observed antibacterial activities of K. africana and 
M. chasei extracts were contrary to their phenolic and 
flavonoid contents. The report suggests that the MIC of 

Table 5. The minimum inhibitory concentrations (mg/mL) of different extracts against the selected gram-positive and gram-negative bacteria

Ximenia caffra Schrebera alata Kigelia africana Maytenus chasei Ciprofloxacin

 Pseudomonas 
aeruginosa

Ethanol 0.25 0.25 >0.5 >0.5 0.25

Methanol 0.25 0.25 >0.5 >0.5 0.25

Hexane 0.25 0.25 >0.5 >0.5 0.25

Water 0.25 0.25 >0.5 >0.5 0.25

Ethyl acetate 0.25 0.25 >0.5 >0.5 0.25

 Escherichia coli 

Ethanol 0.25 0.25 >0.5 >0.5 0.25

Methanol 0.25 0.25 >0.5 >0.5 0.25

Hexane 0.25 0.25 >0.5 >0.5 0.25

Water 0.25 0.25 >0.5 >0.5 0.25

Ethyl acetate 0.25 0.25 >0.5 >0.5 0.25

Klebsiella pneumoniae

Ethanol 0.25 0.25 >0.5 >0.5 0.25

Methanol 0.25 0.25 >0.5 >0.5 0.25

Hexane 0.25 0.25 >0.5 >0.5 0.25

Water 0.25 0.25 >0.5 >0.5 0.25

Ethyl acetate 0.25 >0.5 >0.5 >0.5 0.25

Enterococcus faecalis

Ethanol >0.5 >0.5 >0.5 >0.5 0.25

Methanol >0.5 >0.5 >0.5 >0.5 0.25

Hexane >0.5 >0.5 >0.5 >0.5 0.25

Water 0.5 >0.5 0.5 0.5 0.25

Ethyl acetate 0.5 >0.5 >0.5 >0.5 0.25
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the leaf extract of K. africana was between 2.5–7.5 mg/mL, 
which probably justified the poor MIC reported in this 
study (40). There is a paucity of data on the antimicrobial 
activity of M. chasei; however, the activity of other plants 
in the Maytenus genus such as M. senegalensis has been 
reported to have antimicrobial activity against a wide 
range of microorganisms. These plants have been used by 
traditional healers in the treatment of different ailments 
such as arthritis, skin tumors, eye infection, rheumatism, 
influenza, and plasmodial infections (46,47).

Conclusion
The findings demonstrated the effects of extracting 
solvents on the yield, phytochemical contents, and some 
bioactivities of plant extracts. The high antioxidant 
activity of the ethanolic extract of M. chasei and the good 
antibacterial activities observed in all extracts of X. caffra 
and S. alata, justify the continuous use of these plants in 
traditional medicine. Therefore, this study emphasizes the 
need to further investigate the compounds isolated for 
their potential therapeutic agents. Further studies should 
include the determination of the active compounds and 
structural characterization of the plant extracts from these 
plants.

Acknowledgment
The authors would like to thank the University of South Africa 
for providing their facilities to perform this research. 

Authors’ contribution
Conceptualization: Sogolo Lucky Lebelo, Mulalo Emelda 
Makhubele
Data curation: Samuel Wale Odeyemi, Mulalo Emelda 
Makhubele
Formal analysis: Samuel Wale Odeyemi, Sogolo Lucky Lebelo.
Funding acquisition: Sogolo Lucky Lebelo, Tracy Madimabi 
Masebe.
Investigation: Samuel Wale Odeyemi, Mulalo Emelda Makhubele.
Methodology: Samuel Wale Odeyemi, Mulalo Emelda Makhubele.
Project administration: Sogolo Lucky Lebelo, Tracy Madimabi 
Masebe.
Resources: Sogolo Lucky Lebelo, Tracy Madimabi Masebe
Supervision: Samuel Wale Odeyemi, Sogolo Lucky Lebelo, Tracy 
Madimabi Masebe.
Writing–original draft: Samuel Wale Odeyemi, Mulalo Emelda 
Makhubele.
Writing–review & editing: Samuel Wale Odeyemi, Sogolo Lucky 
Lebelo, Tracy Madimabi Masebe.

Conflict of interests 
The authors do not have any conflict of interest.

Ethical considerations 
Ethical clearance was approved by the College of Agriculture 
and Environmental Sciences Research Ethics Committee of the 
University of South Africa (UNISA) with the ethics number: 
2018/CAES/076. Permission to collect medicinal plants was 
obtained from the South Africa National Biodiversity Institute 
(SANBI).

Funding/Support 
The study had no funding.

References
1.	 Jamshidi-Kia F, Lorigooini Z, Amini-Khoei H. Medicinal 

plants: past history and future perspective. J Herbmed 
Pharmacol. 2018;7(1):1-7. doi: 10.15171/jhp.2018.01.

2.	 Sajid M, Cameotra SS, Ahmad Khan MS, Ahmad I. 
Nanoparticle-based delivery of phytomedicines: challenges 
and opportunities. In: Ahmad Khan MS, Ahmad I, 
Chattopadhyay D, eds. New Look to Phytomedicine. 
Academic Press; 2019. p. 597-623. doi: 10.1016/b978-0-12-
814619-4.00024-0.

3.	 Atanasov AG, Zotchev SB, Dirsch VM, Supuran CT. Natural 
products in drug discovery: advances and opportunities. 
Nat Rev Drug Discov. 2021;20(3):200-16. doi: 10.1038/
s41573-020-00114-z.

4.	 Mothibe ME, Sibanda M. African traditional medicine: 
South African perspective. In: Mordeniz C, ed. Traditional 
and Complementary Medicine. London: IntechOpen; 2019. 
doi: 10.5772/intechopen.83790.

5.	 Mensah ML, Komlaga G, Forkuo AD, Firempong C, 
Anning AK, Dickson RA. Toxicity and safety implications 
of herbal medicines used in Africa. In: Builders PF, 
ed. Herbal Medicine. IntechOpen; 2019. doi: 10.5772/
intechopen.72437.

6.	 van Wyk AS, Prinsloo G. Medicinal plant harvesting, 
sustainability and cultivation in South Africa. Biol Conserv. 
2018;227:335-42. doi: 10.1016/j.biocon.2018.09.018.

7.	 Ozioma EOJ, Okaka OAN. Herbal medicines in African 
traditional medicine. In: Builders PF, ed. Herbal Medicine. 
IntechOpen; 2019. doi: 10/10.5772/intechopen.80348.

8.	 World Health Organization (WHO). Global Report on 
Traditional and Complementary Medicine. WHO; 2019.

9.	 Alamgeer, Sharif A, Asif H, Younis W, Riaz H, Bukhari IA, 
et al. Indigenous medicinal plants of Pakistan used to treat 
skin diseases: a review. Chin Med. 2018;13:52. doi: 10.1186/
s13020-018-0210-0.

10.	 Anand U, Jacobo-Herrera N, Altemimi A, Lakhssassi N. A 
comprehensive review on medicinal plants as antimicrobial 
therapeutics: potential avenues of biocompatible drug 
discovery. Metabolites. 2019;9(11):258. doi: 10.3390/
metabo9110258.

11.	 Khameneh B, Iranshahy M, Soheili V, Fazly Bazzaz BS. 
Review on plant antimicrobials: a mechanistic viewpoint. 
Antimicrob Resist Infect Control. 2019;8(1):118. doi: 
10.1186/s13756-019-0559-6.

12.	 Gorlenko CL, Kiselev HY, Budanova EV, Zamyatnin AA Jr, 
Ikryannikova LN. Plant secondary metabolites in the battle 
of drugs and drug-resistant bacteria: new heroes or worse 
clones of antibiotics? Antibiotics (Basel). 2020;9(4):170. 
doi: 10.3390/antibiotics9040170.

13.	 Nyakudya TT, Tshabalala T, Dangarembizi R, Erlwanger 
KH, Ndhlala AR. The potential therapeutic value of 
medicinal plants in the management of metabolic 
disorders. Molecules. 2020;25(11):2669. doi: 10.3390/
molecules25112669.

14.	 Mudau G, Odeyemi S, Dewar J. Vhavenda herbal remedies 
as sources of antihypertensive drugs: ethnobotanical and 
ethnopharmacological studies. Oxid Med Cell Longev. 
2020;2020:6636766. doi: 10.1155/2020/6636766.

http://www.herbmedpharmacol.com


Journal of Herbmed Pharmacology, Volume 13, Number 3, July 2024            http://www.herbmedpharmacol.com388 

Makhubele et al

15.	 Nabatanzi A, Nkadimeng SM, Lall N, Kabasa JD, McGaw 
LJ. Ethnobotany, phytochemistry and pharmacological 
activity of Kigelia africana (Lam.) Benth. (Bignoniaceae). 
Plants (Basel). 2020;9(6):753. doi: 10.3390/plants9060753.

16.	 Imran IZ, Elusiyan CA, Agbedahunsi JM, Omisore NO. 
Bioactivity-directed evaluation of fruit of Kigelia africana 
(Lam.) Benth. used in treatment of malaria in Iwo, Nigeria. 
J Ethnopharmacol. 2021;268:113680. doi: 10.1016/j.
jep.2020.113680.

17.	 Zhen J, Guo Y, Villani T, Carr S, Brendler T, Mumbengegwi 
DR, et al. Phytochemical analysis and anti-inflammatory 
activity of the extracts of the African medicinal plant 
Ximenia caffra. J Anal Methods Chem. 2015;2015:948262. 
doi: 10.1155/2015/948262.

18.	 Odukoya JO, Odukoya JO, Mmutlane EM, Ndinteh DT. 
Ethnopharmacological study of medicinal plants used 
for the treatment of cardiovascular diseases and their 
associated risk factors in sub-Saharan Africa. Plants (Basel). 
2022;11(10):1387. doi: 10.3390/plants11101387.

19.	 Ahrens S, Appl B, Trochimiuk M, Dücker C, Feixas Serra G, 
Oliver Grau A, et al. Kigelia africana inhibits proliferation 
and induces cell death in stage 4 Neuroblastoma cell lines. 
Biomed Pharmacother. 2022;154:113584. doi: 10.1016/j.
biopha.2022.113584.

20.	 Gomes MN, Fru P, Augustine TN, Moyo D, Chivandi E, 
Daniels WM. Differential expression of platelet activation 
markers, CD62P and CD63, after exposure to breast 
cancer cells treated with Kigelia africana, Ximenia caffra 
and Mimusops zeyheri seed oils in vitro. Nutr Cancer. 
2022;74(8):3035-50. doi: 10.1080/01635581.2022.2032215.

21.	 Unuofin JO, Otunola GA, Afolayan AJ. Polyphenolic 
content, antioxidant and antimicrobial activities of 
Vernonia mespilifolia Less. used in folk medicine 
in the Eastern Cape province, South Africa. J Evid 
Based Integr Med. 2018;23:2515690x18773990. doi: 
10.1177/2515690x18773990.

22.	 Farhana A, Khan YS. Biochemistry, lipopolysaccharide. In: 
StatPearls. Treasure Island, FL: StatPearls Publishing; 2021.

23.	 Nagarajan S, Nagarajan R, Kumar J, Salemme A, Togna AR, 
Saso L, et al. Antioxidant activity of synthetic polymers of 
phenolic compounds. Polymers (Basel). 2020;12(8):1646. 
doi: 10.3390/polym12081646.

24.	 Odeyemi SW, Afolayan AJ. Identification of antidiabetic 
compounds from polyphenolic-rich fractions of 
Bulbine abyssinica A. rich leaves. Pharmacognosy Res. 
2018;10(1):72-80. doi: 10.4103/pr.pr_55_17.

25.	 Roselló-Soto E, Martí-Quijal FJ, Cilla A, Munekata PES, 
Lorenzo JM, Remize F, et al. Influence of temperature, 
solvent and pH on the selective extraction of phenolic 
compounds from tiger nuts by-products: Triple-TOF-LC-
MS-MS characterization. Molecules. 2019;24(4):797. doi: 
10.3390/molecules24040797.

26.	 Odeyemi S, Dewar J. In vitro antidiabetic activity affecting 
glucose uptake in HepG2 cells following their exposure to 
extracts of Lauridia tetragona (L.f.) R.H. Archer. Processes. 
2019;8(1):33. doi: 10.3390/pr8010033.

27.	 Niazmand R, Shahidi Noghabi M, Niazmand A. 
Optimization of subcritical water extraction of phenolic 
compounds from Ziziphus jujuba using response surface 
methodology: evaluation of thermal stability and 
antioxidant activity. Chem Biol Technol Agric. 2021;8(1):6. 

doi: 10.1186/s40538-020-00203-6.
28.	 Pamulaparthi A, Prathap VR, Banala M, Nanna RS. Total 

phenolic, flavonoid contents and antioxidant assays in 
leaf extracts of Senna alata (L.) Roxb. J Pharm Sci Res. 
2016;8(9):981-5.

29.	 Fagbohun OF, Babalola OO, Agboola FK, Joseph JS, 
Malindisa S, Msagati TA. Evaluation of phytochemicals, 
antioxidants, trace elements in Kigelia africana fruit extracts 
and chemical profiling analysis using UHPLC-qTOF-MS2 
spectrometry. Biol Trace Elem Res. 2020;195(2):679-95. 
doi: 10.1007/s12011-019-01869-2.

30.	 Nabatanzi A, Nkadimeng SM, Lall N, Kabasa JD, McGaw 
LJ. Antioxidant and anti-inflammatory activities of Kigelia 
africana (Lam.) Benth. Evid Based Complement Alternat 
Med. 2020;2020:4352084. doi: 10.1155/2020/4352084.

31.	  Nunes PX, Silva SF, Guedes RJ, Almeida S. Biological 
oxidations and antioxidant activity of natural products. 
In: Rao V, ed. Phytochemicals as Nutraceuticals-Global 
Approaches to Their Role in Nutrition and Health. 
IntechOpen; 2012.

32.	  Engwa GA. Free radicals and the role of plant phytochemicals 
as antioxidants against oxidative stress-related diseases. In: 
Asaduzzaman M, Asao T, eds. Phytochemicals: Source of 
Antioxidants and Role in Disease Prevention. Intech Open; 
2018. doi: 10.5772/intechopen.76719.

33.	  Nigussie D, Davey G, Legesse BA, Fekadu A, Makonnen 
E. Antibacterial activity of methanol extracts of the leaves 
of three medicinal plants against selected bacteria isolated 
from wounds of lymphoedema patients. BMC Complement 
Med Ther. 2021;21(1):2. doi: 10.1186/s12906-020-03183-0.

34.	 Aryal S, Baniya MK, Danekhu K, Kunwar P, Gurung R, 
Koirala N. Total phenolic content, flavonoid content and 
antioxidant potential of wild vegetables from Western Nepal. 
Plants (Basel). 2019;8(4):96. doi: 10.3390/plants8040096.

35.	 Tungmunnithum D, Thongboonyou A, Pholboon A, 
Yangsabai A. Flavonoids and other phenolic compounds 
from medicinal plants for pharmaceutical and medical 
aspects: an overview. Medicines (Basel). 2018;5(3):93. doi: 
10.3390/medicines5030093.

36.	 Mondal M, Hossain MS, Das N, Khalipha AB, Sarkar AP, 
Islam MT, et al. Phytochemical screening and evaluation 
of pharmacological activity of leaf methanolic extract of 
Colocasia affinis Schott. Clin Phytosci. 2019;5(1):8. doi: 
10.1186/s40816-019-0100-8.

37.	 Mapunda EP, Mligo C. Nutritional content and antioxidant 
properties of edible indigenous wild fruits from miombo 
woodlands in Tanzania. Int J Biol Chem Sci. 2019;13(2):849-
60. doi: 10.4314/ijbcs.v13i2.22.

38.	 Desta ZY, Cherie DA. Determination of antioxidant and 
antimicrobial activities of the extracts of aerial parts of 
Portulaca quadrifida. Chem Cent J. 2018;12(1):146. doi: 
10.1186/s13065-018-0514-2.

39.	 Sopee MS, Azlan A, Khoo HE. Comparison of antioxidants 
content and activity of Nephelium mutabile rind 
extracted using ethanol and water. J Food Meas Charact. 
2019;13(3):1958-63. doi: 10.1007/s11694-019-00114-7.

40.	 Agyare C, Dwobeng AS, Agyepong N, Boakye YD, Mensah 
KB, Ayande PG, et al. Antimicrobial, antioxidant, and 
wound healing properties of Kigelia africana (Lam.) 
Beneth. and Strophanthus hispidus DC. Adv Pharmacol Sci. 
2013;2013:692613. doi: 10.1155/2013/692613.

http://www.herbmedpharmacol.com


      Journal of Herbmed Pharmacology, Volume 13, Number 3, July 2024http://www.herbmedpharmacol.com 389

Antimicrobial properties in some South African medicinal plants 

41.	 Okemo PO, Mwatha WE, Chhabra SC. The kill kinetics 
of Ximenia caffra Sond. (Olacaceae) extracts against 
selected bacteria and fungi. J Trop Microbiol Biotechnol. 
2004;3(1):88-94. doi: 10.4314/jtmb.v3i1.35432.

42.	 Nair JJ, Mulaudzi RB, Chukwujekwu JC, Van Heerden FR, 
Van Staden J. Antigonococcal activity of Ximenia caffra 
Sond. (Olacaceae) and identification of the active principle. 
S Afr J Bot. 2013;86:111-5. doi: 10.1016/j.sajb.2013.02.170.

43.	 Muhammad SL, Wada Y, Mohammed M, Ibrahim S, Musa 
KY, Olonitola OS, et al. Bioassay-guided identification 
of bioactive compounds from Senna alata L. against 
methicillin-resistant Staphylococcus aureus. Appl Microbiol. 
2021;1(3):520-36. doi: 10.3390/applmicrobiol1030034.

44.	 Fabry W, Okemo PO, Ansorg R. Antibacterial activity 
of East African medicinal plants. J Ethnopharmacol. 

1998;60(1):79-84. doi: 10.1016/s0378-8741(97)00128-1.
45.	 Anuradha Devi V, Mallikarjuna K. In vitro antimicrobial 

and antidiabetic activity of leaf extracts of Schrebera 
swietenioides and Homalium zeylanicum. Int J Life Sci 
Pharma Res. 2016;6(3):1-7.

46.	 Gessler MC, Tanner M, Chollet J, Nkunya MH, Heinrich 
M. Tanzanian medicinal plants used traditionally for the 
treatment of malaria: in vivo antimalarial and in vitro 
cytotoxic activities. Phytother Res. 1995;9(7):504-8. doi: 
10.1002/ptr.2650090708.

47.	 Malebo HM, Wiketye V, Katani SJ, Kitufe NA, Nyigo VA, 
Imeda CP, et al. In vivo antiplasmodial and toxicological 
effect of Maytenus senegalensis traditionally used in the 
treatment of malaria in Tanzania. Malar J. 2015;14:79. doi: 
10.1186/s12936-014-0525-y.

http://www.herbmedpharmacol.com

