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Background: Antioxidants present in plant extracts prevent free radicals from causing chronic
diseases in humans.

Aim: The study investigated 12 medicinal plants (Kleinia longiflora DC., Berchemia discolor
[Klotzsch] Hemsl., Persea americana Mill., Sansevieria hyacinthoides [L.] Druce, Dichrostachys
cinerea [L.] Wright &Arn, Withania somnifera Dunal [Ashgandh], Momordica balsamina L.,
Lonchocarpus capassa, Pappea capensis, ‘Rhus lancea L. fil” with ‘Searsia lancea (L.F.) E.A. Barkley’
Peltophorum africanum, Maytenus heterophylla [Eckl. & Zeyh.] Robson) for antioxidant activity
using the qualitative and quantitative 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay.

Setting: The plant species were selected from the ethnomedicinal plant database of over 300
medicinal plants used for therapeutic purposes in Limpopo province.

Methods: The plant materials were extracted with solvents of various polarities such as
acetone, dichloromethane (DCM), methanol, hexane, and water. The qualitative and
quantitative DPPH methods were used to determine the antioxidant activities of plant extracts.

Results: The yellow bands revealed the presence of antioxidant compounds against the purple
background on the Thin Layer Chromatography (TLC) plates. Methanol, hexane, and water
extracts of L. capassa were the most active radical scavengers in the DPPH assay among the six
medicinal plants screened. Plant extracts of P. africanum showed strong antioxidant activity by
inhibiting DPPH, compared with the standard ascorbic acid.

Conclusion: The findings indicate that some extracts can be used as an easily accessible source
of natural antioxidants.

Contribution: The findings revealed that the plant species investigated displayed noteworthy
antioxidant activity, which provides scientific evidence for their utilisation by traditional
health practitioners to treat fungal infections.

Keywords: antioxidant activity; antifungal activity; medicinal plants; fungal ; inhibitory
concentration.

Introduction

Antioxidants are a group of compounds of enormous interest for the biochemists and
pharmaceutical industries, and are unknown for their capacity to diminish harm, resulting from
some reactive species of oxygen and nitrogen (Ayoub et al. 2017). Antioxidants play an important
role in protecting the human body from the damage caused by excessive reactive oxygen species
(Aswini, Meimozhi & Murugesan 2018). The presence of antioxidants in plants prevents free
radicals from causing diseases like cancer, and cardiovascular disease by inhibiting oxidation at
the cellular level (Moonmun, Majumder & Lopamudra 2017). Natural antioxidants are required
to cure disorders caused by excessive free radicals (Ahmed, Khan & Saeed 2015). Active
antioxidant compounds are flavonoids, flavones, lignans, and iso catechins, which play an
important role in the inhibition of free radicals and oxidative chain reactions within tissues
and membranes (Boligon, Sagrillo & Machado 2012). Many antioxidant compounds also possess
anti-inflammatory, anti-tumour, antimutagenic, anticarcinogenic, antibacterial, antifungal, and
antiviral activities (Nazir & Rahman 2018). The body accumulates the free radicals leading to
oxidative stress causing diseases in humans such as cancer and cardiovascular disease among
others. Natural antioxidants from plants are used as potential scavengers of free radicals in the
body and protect the body from diseases and ageing (Mangoale & Afolayan 2020).

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) method is used for measuring the ability of different
compounds to act as free radical scavengers, and to evaluate the antioxidant activity of food and
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beverages. The method is used since it is a rapid, simple,
accurate, inexpensive, and convenient method independent
of sample polarity for screening many samples for radical
scavenging activity. Scavenging activity for free radicals of
DPPH has been widely used to evaluate the antioxidant
activity of natural products from plant and microbial sources
because of its shortness of analysis time compared to other
methods (Eruygur et al. 2019).

In this paper, the antioxidant and antifungal activities of
selected plant extracts were investigated using serial dilution
assay and qualitative and quantitative DPPH assay. In
Limpopo province, the database of the antioxidant activity of
plant species used to treat various ailments in humans is not
well documented. This necessitates the research to focus on
the antimicrobial properties of medicinal plants since some
of these plants contain antioxidant compounds. Medicinal
plants have been used for many centuries in developing
countries to treat various infectious diseases in humans
(Ahmad et al. 2012). These plants contain bioactive
compounds that possess antimicrobial properties. The use
of plant natural products to search for active compounds
serves as a major source for finding different therapeutic
agents (Morais-Braga et al. 2017). Furthermore, plant-derived
compounds are employed in modern medicine, since they
play an important role in the synthesis of some complex
molecules (Dutra et al. 2016).

Some Western medicine has undesirable side effects, but
their advantage is their efficacy. Nevertheless, medicinal plants
are believed to be safe to use, and comparatively easily available
and inexpensive (Kutawa, Danladi & Haruna 2018). In
addition, many plant extracts have antifungal activity. The
biological activity may be because of the presence of the
secondary metabolites contained therein (Eruygur et al.
2019). Moreover, plant extracts that possess antimicrobial
properties can be important in healing various microbial
infections (Ahmad et al. 2012).

Research methods and design
Plant selection

Twelve plant species, namely Kleinia longiflora, Persea
americana, Sansevieria hyacinthoides, Dichrostachys cinerea,
Withania somnifera, Momordica balsamina, Lonchocarpus capassa,
Pappea capensis, Sersia lancea, Peltophorum africanum, Maytenus
heterophylla, Berchemia discolor were selected from the
ethnomedicinal plant database of over 300 medicinal plants
used for therapeutic purposes in Limpopo province. The
plant species were selected based on the treatment of fungal
infections from ethnobotanical data and the availability of
the plant material.

Plant collection

The plant species were collected from their natural habitat in
Muduluni village, Makhado Local Municipality, Limpopo
province 23°4 0" South, 29°39 0" East (Figure 1). The plants
were stored in open mesh orange bags at room temperature
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of 25°C to ensure efficient drying of the material (Mahlo
et al. 2016). Plants were identified using literature and Larry
Leach Herbarium at the University of Limpopo. Voucher
specimens were prepared and deposited at the Herbarium.
Plant materials such as leaves, stems, and bark roots were
allowed to dry for 3-5 weeks and ground to a fine powder.

Plant extraction

Three grams each of finely ground plant material were
extracted in polyester plastic tubes with 30 mL solvents of
various polarities such as acetone, dichloromethane (DCM),
methanol, hexane, and water. The tubes were shaken
vigorously for 10 min on a shaking machine at a high speed
of 3500 rpm. After centrifuging at 3500 rpm for 10 min, the
extracts were filtered into pre-weighed labelled glass vials.
The solvents were removed under a stream of cold air at room
temperature. Crude extracts were re-dissolved in acetone
prior to phytochemical analysis and biological assays. A freeze
dryer was used to remove water from aqueous extracts.

Phytochemical analysis

Aluminium-backed Thin Layer Chromatography (TLC)
plates were used to analyse the chemical constituents of each
plant extract. Ten microliters of each sample were loaded on
TLC plates, and were developed in three different eluent
solvent systems — Ethyl acetate: methanol: water (EMW),
Chloroform: ethyl acetate: formic acid (CEF), and Benzene:
ethanol: ammonia hydroxide (BEA) (Kotze & Eloff 2002).
Chemical components were visualised under visible and
ultraviolet (UV) light (254 nm and 360 nm, Camac Universal
UV lamp TL-600). Vanillin-sulphuric acid spray reagent
(Stahl 1969) was used for the detection of chemical
compounds not visible under UV light.

Fungal strains and inoculum quantification

Candid albicans (ATCC 10231), and clinical isolates such as
Cryptococcus neoformans (ATCC-MYA-4567) and Aspergillus
fumigatus (ATCC 46645) were obtained from the Department
of Veterinary Tropical Diseases at the University of Pretoria.
The haemocytometer cell-counting method described by
Aberkane et al. (2002) was used for counting the number of
cells for each fungal culture. The sabouraud dextrose (SD)
agar slants were used to grow the fungus for seven days at
35°C to prepare the inoculum of each isolate. Appropriate
dilutions were made to determine the number of cells by
microscopic enumeration using a haemocytometer (Neubauer
chamber; Merck S.A). The final inoculum concentration was
adjusted to approximately 1.0 x 10°cells/mL.

Micro-dilution assay with some modifications was used to
determine the antifungal activity of plant extracts (Masoko,
Picard & Eloff 2005). The plant extracts (100 uL) were serially
diluted 50% with water in 96 well microtiter plates (Masoko
et al. 2005), and 100 pL of fungal culture was added to each
well. Amphotericin B was used as the positive control and
100% acetone as the negative control. As an indicator of
growth, 40 pL of 0.2 mg/mL p-iodonitrotetrazolium violet
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Source: Machaba, T.C., 2018, ‘Ethnobotanical survey of medicinal plants with antifungal activities in Makhado Local Municipality, Limpopo province, South Africa’, MSc dissertation, University of Limpopo
FIGURE 1: Map of the study area showing Vhembe District of Makhado Local Municipality, Limpopo province.

(INT) dissolved in water was added to the microplate wells.
The microplates were covered and incubated for three to five
days at 35 °C at 100% relative humidity after sealing in a
plastic bag to minimise fungal contamination in the
laboratory. The minimum inhibitory concentrations (MIC)
values were recorded as the lowest concentration of the
extract that inhibited antifungal growth.

Determining antioxidant activity

Qualitative 1,1-diphenyl-2-picrylhydrazyl free radical
scavenging assay

The qualitative DPPH method was used to determine
the antioxidant activities of plant extracts (Aderogba
et al. 2012). Ten microliters of each plant extract were loaded
on TLC plates and developed using different eluent solvent
systems: CEF, BEA, and EMW. The prepared TLC
chromatograms were visualised under UV light and the
compounds were identified. The TLC chromatograms were
sprayed with a solution of 0.2% DPPH in methanol and
dried in a fume cupboard. The presence of antioxidant
compounds was indicated by yellow bands against the
purple background.
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Quantitative 1,1-diphenyl-2-picrylhydrazyl free radical
scavenging assay

The antioxidant activity of the plant extracts was evaluated
using the free radical-scavenging method (DPPH) as
described by Ammar et al. (2009). Various concentrations
of plant extracts prepared in methanol were added to 1 ml
of methanolic solution of 0.2 mmol/L DPPH and kept in
the dark at room temperature for 30 min. Methanol was
used as a blank and was prepared in the same manner as
the plant extracts. L-ascorbic acid (vitamin C) was used as
a standard in the quantification of antioxidant activity
and was prepared in the same concentration range as the
plant extracts. The absorbance of the resulting mixture
was measured using a spectrophotometer against a blank
at 517 nm.

Data analysis

Descriptive and inferential statistics such as graphs,
percentages and frequencies were used to analyse the data.
The percentage of antioxidant activity of both the plant
species and the ascorbic acid was calculated using the
following formula:
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% free radical scavenging activity = AbA;bAC x100

[Eqn 1]
Where: Ab = absorbance of the blank and Ac = absorbance of
the samples.

The concentration-response graph was obtained by plotting
inhibition percentages versus concentrations. The DPPH
radical-scavenging activity was expressed in terms of IC,,
(mg /mL) (Jemaa et al. 2007).

Ethical considerations

The study was approved by the University of Limpopo
Research Committee (TREC/115/2020).

Results and discussion
Micro-dilution assay

The antifungal activity of the plant crude extracts was
investigated using the MIC values of the plant extract against
C. albicans, C. neoformans and A. fumigatus. The plant extracts
were tested in triplicate in each assay, and the assays were
repeated in their entirety to confirm the results. Residues of
different extracts were dissolved in acetone to a concentration
of 10 mg/mL. The antimicrobial activity of the plant extracts
has been classified as good (MIC < 0.1 mg/mL), moderate
(0.1 < MIC < 0.32 mg/mL) and weak activity (MIC
>0.32 mg/mL) (Eloff 2021). Acetone leaf extracts of B. discolor
had very good activity against C. albicans and A. fumigatus
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with an MIC value of 0.08 mg/mL (Table 1). The leaf extracts
of B. discolor were active against C. albicans, C. neoformans and
C. krusei (Samie et al. 2010). Despite its activity against fungal
pathogens, it was found that the fruit pulp extracts of
B. discolor showed the highest inhibition activities against
the tested microorganisms with a MIC value of 6.3 mg/mL
(Tshikalange, Modishane & Tabit 2017). Noteworthy
antifungal activity was observed in acetone, DCM, hexane,
and methanol root extracts of D. cinerea against the three
tested microorganisms with MIC values ranging between
0.02 mg/mL and 0.04 mg/mL. However, the water extracts
had weak activity against C. albicans and A. fumigatus with
MIC values of 2.5 mg/mL and 1.25 mg/mL, respectively.
The acetone and DCM of D. cinerea pods had average MIC
values of 0 mg/mL — 16 mg/mL against C. albicans. The
excellent activity was observed in acetone and DCM extracts
against C. neoformans and A. fumigatus with MIC values of
0.02 mg/mL and 0.08 mg/mL.

The methanol and aqueous extracts of D. cinerea had good
activity against C. albicans. Methanol extracts of M. balsamina
showed weak activity against the fungal pathogens tested
with MIC values ranging between 0.32 mg/mL and
0.63 mg/mL. Moderate antifungal activity was observed in
DCM extracts of M. heterophylla against C. albicans and
A. fumigatus with MIC value of 0.31 mg/mL. Hexane and
methanol extracts of M. heterophylla were active against
A. fumigatus. Plant extracts of K. longiflora possess strong
activity against C. neoformans and A. fumigatus with MIC

TABLE 1a: Minimum inhibitory concentration values of the selected plant species against the three tested microorganisms. The results are the mean of three replicates

and the standard deviation was zero.

Fungi Time (h) MIC (mg/mL)
Berchemia discolor Dichrostachys cinerea Roots Dichrostachys cinerea Pods AMP B
A DCM H M H,0 A DCM H M H,0 A DCM H M H,0
Ca 24 0.08 0.16 2.5 0.16 1.25 0.02 0.16 0.16 0.04 2.5 0.16 0.16 0.63 0.63 0.63 2.5
48 0.08 0.16 2.5 0.16 1.25 0.02 0.16 0.16 0.04 2.5 0.16 0.16 0.63 0.63 0.63 2.5
Cn 24 0.31 0.31 1.25 1.25 0.16 0.04 0.04 0.02 0.04 0.04 0.02 0.02 0.31 0.31 0.02 2.5
48 0.31 0.31 1.25 1.25 0.16 0.04 0.04 0.02 0.04 0.04 0.02 0.02 0.31 0.31 0.02 2.5
Af 24 0.08 0.08 0.31 0.08 0.16 0.02 0.02 0.04 0.02 1.25 0.08 0.08 0.31 0.16 0.63 2.5
48 0.08 0.31 0.63 0.63 0.16 0.02 0.02 0.04 0.02 1.25 0.08 0.08 0.31 0.16 0.63 2.5
Average - 0.16 0.23 1.42 0.62 0.52 0.03 0.07 0.07 0.03 1.26 0.09 0.09 0.42 0.37 0.43 2.5

Source: Machaba, T.C., 2023, ‘Isolation, characterisation and cytotoxicity of antifungal compounds present in medicinal plants used against Cryptococcus neoformans in Vhembe District, Limpopo

province’, PhD thesis, University of Limpopo
Note: A, DCM, H, M, and H,0 are the extractants.

Ca, Candida albicans; Cn, Cryptococcus neoformans; Af, Aspergillus fumigatus; A, acetone; DCM, dichloromethane; H, hexane; M, methanol; H,0, water; MIC, minimum inhibitory concentration.

TABLE 1b: Minimum inhibitory concentration values of the selected plant species against the three tested microorganisms. The results are the mean of three replicates

and the standard deviation was zero.

Fungi Time (h) MIC (mg/mL)
Mormodica balsamina Maytenus heterophylla Kleinia longiflora AMP B
A DCM H M H,0 A DCM H M H,0 A DCM H M H,0
Ca 24 0.31 0.31 0.31 0.63 2.5 1.25 0.31 1.25 0.31 2.5 0.16 0.63 0.31 0.31 1.25 2.5
48 0.31 0.31 0.31 0.63 2.5 1.25 0.31 1.25 0.31 2.5 0.16 0.63 0.31 0.31 1.25 2.5
Cn 24 0.02 0.02 0.63 0.63 0.63 1.25 2.5 0.63 0.63 0.16 0.08 0.16 0.04 0.04 0.31 2.5
48 0.02 0.02 0.63 0.63 0.63 1.25 2.5 0.63 0.63 0.16 0.08 0.16 0.04 0.04 0.31 2.5
Af 24 0.31 0.63 0.02 0.31 0.31 0.31 0.31 0.04 0.04 1.25 0.02 0.04 0.63 0.02 0.16 2.5
48 0.31 0.63 0.31 0.31 0.31 0.31 0.31 0.04 0.04 1.25 0.02 0.04 0.63 0.02 0.16 2.5
Average - 0.21 0.32 0.38 0.52 1.15 0.94 1.04 0.64 0.33 1.30 0.09 0.28 0.33 0.12 0.57 2.5

Source: Machaba, T.C., 2023, ‘Isolation, characterisation and cytotoxicity of antifungal compounds present in medicinal plants used against Cryptococcus neoformans in Vhembe District, Limpopo

province’, PhD thesis, University of Limpopo
Note: A, DCM, H, M, and H,0 are the extractants.

Ca, Candida albicans; Cn, Cryptococcus neoformans; Af, Aspergillus fumigatus; A, acetone; DCM, dichloromethane; H, hexane; M, methanol; H,0, water; MIC, minimum inhibitory concentration.

http://www.jomped.org . Open Access
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TABLE 1c: Minimum inhibitory concentration values of the selected plant species against the three tested microorganisms. The results are the mean of three replicates

and the standard deviation was zero.

Fungi Time (h) MIC (mg/mL)
Lonchocarpus capassa Persea americana leaves Persea americana seeds AMP B
A DCM H M H,0 A DCM H M H0 A DCM H M H,0
Ca 24 0.31 0.31 0.08 0.16 2.5 0.02 0.02 0.04 0.04 2.5 0.04 0.04 0.63 0.16 2.5 2.5
48 0.31 0.31 0.08 0.16 2.5 0.02 0.02 0.04 0.04 2.5 0.04 0.04 0.63 0.16 2.5 2.5
Cn 24 0.04 0.04 0.02 0.02 0.02 1.25 1.25 0.63 0.63 1.25 0.31 0.31 0.31 0.31 0.63 2.5
48 0.04 0.04 0.02 0.02 0.02 1.25 1.25 0.63 0.63 1.25 0.31 0.31 0.31 0.31 0.63 2.5
Af 24 0.02 0.02 0.08 0.02 0.63 0.02 0.02 0.31 0.02 0.31 0.04 0.08 0.02 0.02 0.08 2.5
48 0.02 0.02 0.08 0.02 0.63 0.02 0.02 0.31 0.02 0.31 0.04 0.08 0.02 0.02 0.08 2.5
Average - 0.12 0.12 0.06 0.07 1.05 0.43 0.43 0.33 0.23 1.35 0.13 0.14 0.32 0.16 1.07 2.5

Source: Machaba, T.C., 2023, ‘Isolation, characterisation and cytotoxicity of antifungal compounds present in medicinal plants used against Cryptococcus neoformans in Vhembe District, Limpopo

province’, PhD thesis, University of Limpopo
Note: A, DCM, H, M, and H,0 are the extractants.

Ca, Candida albicans; Cn, Cryptococcus neoformans; Af, Aspergillus fumigatus; A, acetone; DCM, dichloromethane; H, hexane; M, methanol; H,0, water; MIC, minimum inhibitory concentration.

TABLE 1d: Minimum inhibitory concentration values of the selected plant species against the three tested microorganisms. The results are the mean of three replicates

and the standard deviation was zero.

Fungi Time (h) MIC (mg/mL)
Searsia lancea Pappea capensis Peltophorum africanum AMP B
A DCM H M H,0 A DCM H M H,0 A DCM H M H,0
Ca 24 0.02 0.02 0.16 0.08 0.31 0.16 0.63 0.31 1.25 0.63 0.08 0.08 0.16 0.31 0.31 2.5
48 0.02 0.02 0.16 0.08 0.31 0.16 0.63 0.31 1.25 0.63 0.08 0.08 0.16 0.31 0.31 2.5
Cn 24 0.63 1.25 0.63 0.63 2.5 0.63 0.63 0.02 0.02 0.08 0.02 0.02 0.02 0.08 0.02 2.5
48 0.63 1.25 0.63 0.63 2.5 0.63 0.63 0.02 0.02 0.08 0.02 0.02 0.02 0.08 0.02 2.5
Af 24 0.02 0.02 0.04 0.02 0.02 0.02 0.02 0.31 1.25 0.31 0.02 0.02 0.02 0.02 0.02 2.5
48 0.02 0.02 0.04 0.04 0.08 0.02 0.02 0.31 1.25 0.31 0.02 0.02 0.02 0.02 0.02 2.5
Average - 0.22 0.43 0.28 0.25 0.96 0.27 0.43 0.21 0.84 0.34 0.04 0.04 0.07 0.14 0.12 2.5

Source: Machaba, T.C., 2023, ‘Isolation, characterisation and cytotoxicity of antifungal compounds present in medicinal plants used against Cryptococcus neoformans in Vhembe District, Limpopo

province’, PhD thesis, University of Limpopo
Note: A, DCM, H, M, and H,0 are the extractants.

Ca, Candida albicans; Cn, Cryptococcus neoformans; Af, Aspergillus fumigatus; A, acetone; DCM, dichloromethane; H, hexane; M, methanol; H,0, water; MIC, minimum inhibitory concentration.

TABLE 1e: Minimum inhibitory concentration values of the selected plant species against the three tested microorganisms. The results are the mean of three replicates

and the standard deviation was zero.

Fungi Time (h) MIC (mg/mL) AMP B
Sanseviera hyacinthoides Withania somnifera
A DCM H M H,0 A DCM H M H,0
Ca 24 0.08 0.04 0.31 0.31 2.5 0.02 0.16 2.5 0.16 2.5 2.5
48 0.08 0.04 0.31 0.31 2.5 0.02 0.16 2.5 0.16 2.5 2.5
Cn 24 0.02 0.02 0.63 0.31 0.02 0.63 0.63 0.63 0.63 0.63 2.5
48 0.02 0.02 0.63 0.31 0.02 0.63 0.63 0.63 0.63 0.63 2.5
Af 24 0.02 0.02 0.02 0.02 0.04 0.04 0.04 0.04 0.02 0.04 2.5
48 0.02 0.02 0.02 0.02 0.04 0.04 0.04 0.04 0.02 0.04 2.5
Average - 0.04 0.03 0.32 0.21 0.85 0.23 0.28 1.06 0.27 1.06 2.5

Source: Machaba, T.C., 2023, ‘Isolation, characterisation and cytotoxicity of antifungal compounds present in medicinal plants used against Cryptococcus neoformans in Vhembe District, Limpopo

province’, PhD thesis, University of Limpopo
Note: A, DCM, H, M, and H,0 are the extractants.

Ca, Candida albicans; Cn, Cryptococcus neoformans; Af, Aspergillus fumigatus; A, acetone; DCM, dichloromethane; H, hexane; M, methanol; H,0, water; MIC, minimum inhibitory concentration.

values ranging between 0.02 mg/mL and 0.08 mg/mL
(Table 1). The stem-leaf extracts of K. longiflora exhibited
some degree of antifungal potency against the Candida
species. However, moderate activity was reported against
Shigella species with MIC value of 0.1 mg/mL (Asong et al.
2019). All the extracts including the aqueous leaf extracts of
P. americana showed weak activity against C. neoformans
with MIC values of 0.63 mg/mL and 1.25 mg/mL. Very
good antifungal activity was observed in all extracts of P.
americana seeds against A. fumigatus with MIC ranging
between 0.02 mg/mL and 0.08 mg/mL. The leaf extracts of
P. americana were reported to have fungistatic activity
against C. albicans and C. tropicalis (Ajayi et al. 2017).
Moderate activity was observed in acetone, hexane, DCM,

http://www.jomped.org . Open Access

and methanol extracts of P. americana seeds against C.
neoformans with MIC value of 0.31 mg/mL. The aqueous
extracts of P. americana seeds showed weak activity against
C. albicans and C. neoformans with MIC values of 0.63 mg/
mL and 2.5 mg/mL.

Plant extracts with low MIC values could be a good source of
potentially bioactive compounds with antimicrobial strength.
The lower the MIC value, the better the activity of plant
extracts against the tested fungal pathogens. In general, DCM
extracts of most plant species showed the best antifungal
activity compared to other extracts in the study, which could
suggest that the active constituents in most plants tested are
more non-polar than polar.
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Qualitative 1,1-diphenyl-2-picrylhydrazyl free
radical scavenging assay

The antioxidant activity of the plant extracts was carried
out using the DPPH method. All plant species showed
antioxidant activities represented by the inhibition of
DPPH radical scavenging. The presence of antioxidant
compounds was detected by yellow spots against the purple
background. Of the extracts evaluated, the acetone extracts
of S. hyacinthoides displayed more antioxidant compounds
(Figure 2). Other researchers reported the best antioxidant
activity of non-polar extracts (Adebayo, Shai & Eloff 2019).
Acetone and methanol extracts of P. americana had good
antioxidant activity (Bertling, Tesfay & Bower 2007). In the
qualitative assay, similar results were confirmed with plant
extracts exhibiting excellent scavenging activity (Mamabolo,
Muganza & Olivier 2017). Furthermore, the phytochemical
constituents such as vitamin C, alkaloids, flavonoids,
steroids, and triterpenoids present in P. americana fruit can
reduce the potential risk of various diseases (Rafique &
Akhtar 2018).

In TLC chromatograms separated with CEF, two compounds
were observed in the aqueous extracts of K. longiflora. All the
plant species evaluated revealed noteworthy antioxidant
activity including K. longiflora (Asong et al. 2019). The
antioxidant activity of the plant extracts might be attributed
to the presence of different secondary metabolites such as
terpenoids, alkaloids, saponins, and tannins present in the
plant extracts.

Quantitative 1,1-diphenyl-2-picrylhydrazyl free
radical scavenging assay

The free radical scavenging activity assay (DPPH) was used
to quantify the antioxidant activity of the plant extract.

A D H M H,O A D H M H,0

S. hyathinthoides D. cinerea roots

Source: Machaba, T.C., 2023, ‘Isolation, characterisation and cytotoxicity of antifungal
compounds present in medicinal plants used against Cryptococcus neoformans in Vhembe
District, Limpopo province’, PhD thesis, University of Limpopo

Note: Lanes from left to fight: A, acetone; D, dichloromethane; H, hexane; M, methanol; H,0,
water.

FIGURE 2: Thin Layer Chromatography chromatograms of S. hyacinthoides and
D. cinerea root extracts developed in Benzene: ethanol: ammonia hydroxide,
Chloroform: ethyl acetate: formic acid and Ethyl acetate: methanol: water,
Sprayed with 0.2% 1,1-diphenyl-2-picrylhydrazyl in methanol.
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L-ascorbic acid was used as a positive control. Three plant
species were selected for quantification since they had shown
good antioxidant activity on the qualitative assay. The results
are presented in Figure 3 to Figure 5 as the percentage of
inhibition. The values used are the mean of triplicates *
standard deviation. Methanol, hexane, and water extracts of
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Source: Machaba, T.C., 2023, ‘Isolation, characterisation and cytotoxicity of antifungal
compounds present in medicinal plants used against Cryptococcus neoformans in Vhembe
District, Limpopo province’, PhD thesis, University of Limpopo

Note: Data is expressed as the mean of triplicate + standard deviation.

Lanes from left to right: ASC, ascorbic acid; Ac, acetone; DCM, dichloromethane; HEX,
hexane; MEOH, methanol; H,0, water.

FIGURE 3: Percentage inhibition antioxidant activity of L. capassa crude extracts;
L-Ascorbic acid was used as a positive control.
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Source: Machaba, T.C., 2023, ‘Isolation, characterisation and cytotoxicity of antifungal
compounds present in medicinal plants used against Cryptococcus neoformans in Vhembe
District, Limpopo province’, PhD thesis, University of Limpopo

Note: Data is expressed as the mean of triplicate + standard deviation.

Lanes from left to right: ASC, ascorbic acid; Ac, acetone; DCM, dichloromethane; HEX,
hexane; MEOH, methanol; H,0, water.

FIGURE 4: Percentage inhibition antioxidant activity of S. hyacinthoides crude
extracts; L-Ascorbic acid (Vitamin C) was used as a positive control.
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Source: Machaba, T.C., 2023, ‘Isolation, characterisation and cytotoxicity of antifungal
compounds present in medicinal plants used against Cryptococcus neoformans in Vhembe
District, Limpopo province’, PhD thesis, University of Limpopo

Note: Lane left to right: ASC, Ascorbic acid. Data is expressed as the mean of triplicate +
standard deviation.

FIGURE 5: Percentage inhibition antioxidant activity of P. africanum crude
extracts; L-Ascorbic acid (Vitamin C) was used as a positive control.
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L. capassa revealed good antioxidant activity against DPPH
by having a high percentage of inhibition compared to
other solvents. Dichloromethane extracts of L. capassa had
the lowest antioxidant activities with a low percentage of
inhibition (12%). The leaf methanol, DCM, and water extracts
of S. hyacinthoides exhibited good antioxidant activity.
Similarly, the leaf extracts of S. hyacinthoides revealed good
activity by exhibiting over 80% DPPH activity (Figure 4).

Acetone and methanol extracts from the same plant exhibited
a high percentage of DPPH scavenging activities (Aliero,
Jimoh & Afolayan 2008). Noticeably, all the extracts of
P. africanum exhibited strong antioxidant activity against the
DPPH, with some extractants having excellent activity than
the ascorbic acid (Figure 3). The synergistic effects on the
plant extracts may enhance their antioxidant activity. The
presence of antioxidant activity in P. africanum might be
because of the presence of polyphenols. The root and bark
polar extracts have shown high antioxidant activity
(Bizimenyere et al. 2005). In addition, acetone, and methanol
extracts of P. africanum revealed good antioxidants against
DPPH compared to other plant species and ascorbic acid
(Masuku, Uniofin & Lebelo 2020). Extracts of P. africanum had
the best antioxidant activity in DPPH and ABTS assay with
IC,, of 467 + 0.31 and 7.71 + 0.36 pg/mL, respectively
(Adebayo et al. 2015).

Conclusion

All plant extracts revealed some varying degrees of fungal
inhibition, with MIC values ranging between 0.02 and 2.5
mg/mL. Some water extracts had shown some activity
against the tested microorganisms. The antifungal extracts of
the 12 selected medicinal plants support the traditional use of
the plants in the treatment of fungal infections. The antifungal
activity of the plant extracts indicated in most plant species
indicates that the plant can be used to treat fungal infections.
Based on the results, it is suggested that these plants could be
used as a new potential source of antifungal agents.

Most plant species investigated displayed noteworthy
antioxidant activity, which provides scientific evidence for
their utilisation by traditional health practitioners to treat
diseases possibly including fungal infections. As a result,
plant species with antioxidant compounds could be used
with a wider potential use than only for antifungal drugs.
The antioxidant presence in plant species investigated in this
study means that there is a possible synergism. Strong
antioxidant compounds were detected in some plant extracts
developed in BEA, suggesting that antioxidant compounds
can be isolated based on the polarity of the solvents. Plant
extracts of P. africanum showed strong antioxidant activity by
inhibiting DPPH, compared with the standard ascorbic acid.
The results from this study show that the extract can be used
as an easily accessible source of natural antioxidants.
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