] Herbmed Pharmacol. 2024; 13(1): 52-60.

http://www.herbmedpharmacol.com doi: 10.34172/jhp.2024.44650
‘ ‘ Journal of Herbmed Pharmacology

Phytochemical analysis and biological activities
of various parts of Bulbine natalensis (Baker): A ok
comparative study

Thabiso Katlego Teffo!” ~, Shalini Dukhan' =, Phillemon Ramalepe® -, Ida Risenga'

'School of Animal, Plant and Environmental Sciences, University of the Witwatersrand, Johannesburg, South Africa
*WITS School of Education, University of Witwatersrand, Johannesburg, South Africa

ARTICLEINFO ABSTRACT

Article Type: Introduction: Bulbine natalensis is a succulent plant native to South Africa, used to treat
Original Article various skin conditions. The purpose of this investigation was to analyse the phytochemical

content, as well as antioxidant and antibacterial activities of various parts of B. natalensis.
Article History:

Methods: Phytochemical screening tests were performed to investigate the presence of ten
compounds from B. natalensis methanol extract. Total phenolic, flavonoid, tannin, and
proanthocyanidin content assays were followed to determine their concentrations in B.
natalensis. The 2,2-diphenyl-1-picrylhydrazyl (DPPH), hydrogen peroxide (H,0O,), and iron
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total proanthocyanidins (858.3 + 1.7 mg catechin equivalent [CE]/g) in comparison to the
leaves and roots. The roots showed stronger DPPH (0.36 + 0.02 mg/mL) and H,0, (0.24 +
0.04 mg/mL) scavenging activities. Only the underground stems and roots showed inhibition
against S. aureus with the values of 15.33 + 0.67 mm and 15.67 + 0.33 mm, respectively,
whereas the leaves displayed the highest inhibition against E. coli (18.33 + 0.88 mm).
Conclusion: The methanolic extracts of B. natalensis leaves, underground stems, and roots
possess significant phytochemical content, in conjunction with antioxidant and antibacterial
activities.

Implication for health policy/practice/research/medical education:

The results validate the uses of the underground plant organs of B. natalensis, and suggest the application of all plant parts in
traditional medicine and healthcare industries.
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Introduction

Bulbine natalensis (Baker) is a perennial succulent native
to South Africa, characterised by its close resemblance
to Aloe, with its broad, fleshy yellow-green leaves (1,2).
The plant species is commonly referred to as the broad-
leaved “Bulbine” (English), “ibhucu” (Zulu), “ingcelwane”
(Xhosa), and “rooiwortel” (Afrikaans) (3). The term
“rooiwortel”, translated to “red root” was named due to
the orange colour of the underground stem when cut open
(3,4). B. natalensis is regarded as a medicinal plant because

*Corresponding author: Thabiso Katlego Teffo,
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of its wide range of uses in traditional medicine. The
leaves are mostly used for the treatment of wounds, rashes,
ringworms, and other skin ailments due to the presence of
gel fluid (2). The underground stem is commonly used as
a fertility booster for men (2,5). The roots of B. natalensis
are used to treat vomiting, diarrhoea, convulsions, venereal
diseases, blood disorders, and diabetes-related illnesses
(1,2,5,6). B. natalensis has been proven to have various
biological activities, including antioxidant, antimicrobial,
wound-healing, fertility, anti-platelet aggregation, and
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anti-inflammatory properties (2,5,7-10). There have been
numerous studies covering the phytochemical analysis,
as well as the antioxidant and antibacterial activities of B.
natalensis leaves (1,7,11). However, limited reports were
documented on the species’ subterranean plant organs.
Additionally, a comparative analysis of each plant part
is yet to be reported. Considering that the whole plant
is used in traditional medicine, it is imperative to assess
the species’ individual parts on their phytochemical
and biological activities, which could be beneficial
to indigenous communities, and pharmaceutical and
cosmetic industries. The purpose of this investigation was
to analyse the qualitative and quantitative phytochemical
content, as well as the antioxidant and antibacterial
activities of B. natalensis.

Materials and Methods

Sample preparation

Bulbine natalensis was procured from the Witkoppen
Wildflower Nursery in Randburg, South Africa during
the summer period (February). The plant was left to
acclimatise in the Oppenheimer Life Sciences greenhouse
for one month to mature. Following this process, the
plant part was harvested and rinsed with deionised water
(MeOH). The plant parts were hot air-dried at 40 °C for
a period of four days, and then ground to powder with an
electric grinder.

Preparation of methanolic extracts

The crude methanolic extracts were prepared by a
previously described method (12,13). Three grams
(3 g) of the respective powdered samples were placed
in autoclave bottles in which 25 mL of 80% methanol
(MeOH) was added. The extracts were placed in a water
bath (Multifunctional ultrasonic cleaner water bath
(TUC-100)) mixed with 20% acetone and sonicated at 50
°C for 25 minutes. Filter paper (Whatman® no. 1) was
used to filter out the supernatants from the solid material,
and the supernatants were refrigerated at 16 "C before
phytochemical and bioactivity analyses were conducted.

Qualitative phytochemical analysis

Ferric chloride (FeCl,) test for tannins

The method by Roghini and Vijayalakshmi (14) was
adopted with slight modifications for this test. Two
millilitres (2 mL) of deionised water and 2 mL of 5% FeCl,
were added to a glass vial and mixed with 2 mL of the
methanolic extract. The presence of a green or blue colour
was an indication of tannins.

FeCl, test for phenolics

The method expressed by Prabhavathi et al (15) was
followed with slight adjustments to determine the
presence of phenolics. One millilitre of the MeOH extract
was mixed with five drops of 10% FeCl, The presence of a
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green, blue, or violet colour was an indicator of phenolic
compounds.

Hydrochloric acid (HCI) flavonoids test

Five hundred microliters of MeOH extract were placed in
a glass vial, followed by five drops of concentrated HCIL.
A red colour change indicated the presence of flavonoids
(16).

Test for steroids

In a glass vial, 2 mL of the methanolic extract was mixed
with 2 mL of chloroform (CHCI,) and 2 mL of sulphuric
acid (H,SO,). The formation of a red-brown ring at the
juncture of the mixtures indicated the presence of steroids
(17).

Test for terpenoids

One millilitre of the methanolic extract was mixed with
0.5 mL of CHCI, and five drops of H,SO, The presence of
terpenoids was indicated by a red-brown precipitate (15).

Salkowski’s test for glycosides

A volume of 0.5 mL of the methanolic extract was mixed
with 2 mL of H,SO, A red-brown colour indicated the
presence of the steroidal aglycone part of the glycoside
(18).

Froth test for saponins

In a glass vial, 0.5 mL of methanolic extract was mixed
with 5 mL of deionised H,O. After vigorously shaking the
vial, three drops of olive oil were added, and the vial was
shaken again. The presence of saponins was indicated by
a stable foam (18).

Sodium hydroxide (NaOH) test for coumarins

A volume of 1 mL of the methanolic extract was mixed
with 1 mL of 10% NaOH. A yellow colour change in the
mixture indicated the presence of coumarins (14).

Test for phlobatannins

One millilitre of methanolic extract was placed in a glass
vial, followed by five drops of 2% HCI. A red precipitate
indicated the presence of phlobatannins (14).

Test for volatile oils

In a glass vial, 1 mL of the methanolic extract was mixed
with 0.2 mL of 1% NaOH. The appearance of a precipitate
indicated the presence of volatile oils (19).

Quantitative phytochemical analysis

For the quantification of the select phytochemical
groups, an ultraviolet (UV) spectrophotometry approach
was adopted with the methods from several authors
being followed. The absorbance values obtained from
the spectrophotometer were used to determine the
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concentration of these compounds in various plant parts
of B. natalensis.

Total phenolic content (TPC) analysis

A volume of 750 pL solution of Folin-Ciocalteu (1:10) was
mixed with 2.5 mL of 7.5% saturated sodium carbonate
(Na,CO,) and 0.3 mL of methanolic B. natalensis extract.
The mixture reacted in a volumetric flask closed with
a rubber stopper (13) and then diluted with 7 mL of
deionised H,O. The mixture was placed in a dark cabinet
for two hours at room temperature. The absorbance
reading of the mixtures post-incubation was measured at
a wavelength of 765 nm. The following equation from the
gallic acid calibration curve was used to calculate the TPC
from each MeOH extract:

y=0.0495 - 0.0259, r*= 0.9994.

Total flavonoid content (TFC) analysis

The quantification of total flavonoids was performed
using the method described by Siddhuraju et al (12) with
adjustments by Pakade et al (13). A volume of 300 uL of
the respective methanolic extract was mixed with 4 mL
of deionised H,O in a 10 mL volumetric flask. Sodium
nitrate (NaNO, - 300 uL) was then added to the flask,
mixed, and then left to stand for five minutes before
adding 3 mL of aluminium chloride (AICL). Six minutes
after adding the AICL, 2 mL of 1 M NaOH solution was
added to the flask, and the contents were made up to 10
mL with deionised H,O. The mixture was shaken for 15
minutes before measuring the absorbance at a wavelength
0f510 nm (20) using a UV spectrophotometer. A quercetin
standard calibration curve was used to calculate TFC for
each extract: y= 0.2388 - 0.0019, r* = 0.9997.

Total tannin content (TTC) analysis

In order to quantify the TTCin B. natalensis MeOH extract,
a modified method by Lahare et al (21) was followed. One
hundred microliters (100 uL) of each extract were placed
in a glass vial and then 7.5 mLof deionised H,O and 500
uL of Folin-Ciocalteu reagent were added. One millilitre
(1 mL) of 35% Na,CO, was added in the vial before
topping up to 10 ml with deionised H,O. The contents in
each vial were thoroughly shaken and incubated at room
temperature for 30 minutes. A gallic acid calibration curve
was used to determine the TTC with the following linear
equation:

y=0.046x - 0.0264, r* = 0.9833.

Total proanthocyanidin content (TPAC)

The methodology by Oyedemi et al (22) was adopted
for the determination of total proanthocyanidins in B.
natalensis. The methanolic extract (0.5 mL) was mixed
with 3 mLof 4% vanillin-methanol solution and 1.5 ml
of HCI. A vortex was used to mix the contents before a

15-minute incubation period at room temperature. A
wavelength of 500 nm was used to obtain the absorbance
of the extracts, and the following linear equation from a
standard catechin calibration curve was used to calculate
the TPAC: y= 0.9554x + 0.0003, r* = 0.9927.

In vitro antioxidant activity analysis

An inhibition concentration or IC_ value is the minimum
quantity of a substance needed to impede half of a
biological process (23). The results for the antioxidant
activity of B. natalensis were presented as such, following
the conduction of three assays. A UV-spectrophotometer
was used to record the absorbance values required to
determine the IC, concentration.

2, 2 diphenylpicryhydrazyl scavenging activity assay

Sight modifications were made after following the method
of Brand-Williams et al (24) for the DPPH assay. A stock
solution consisting of 50 mg of DPPH and 100 mL of 80%
MeOH was further diluted with 80% MeOH (1:5; stock
solution: 80% MeOH) to make a work solution. A range of
volumes of B. natalensis extracts (10 pL, 20 pL, 30 pL, 40
uL, 50 pL) were mixed with 0.7 mL of the work solution
and then topped up to 1 mL with 80% MeOH. The
mixtures were incubated in a dark cabinet for 45 minutes,
and the absorbance of each mixture was measured at a
wavelength of 517 nm. The % inhibition for each extract
was calculated using the following equation:

Scavenging (%) = [(Absample — Abblank)/Abcontrol] x 100

where Absample was the absorbance of the extract
mixture, Abblank was 80% MeOH and Abcontrol was the
work solution mixed with 80% MeOH.

Hydrogen peroxide (H,0,) assay

The investigation of the H,O, scavenging potential of B.
natalensis was conducted following the method by Ruch et
al (25) with some modifications. A phosphate buffer (pH
7.4) and 30% saturated H,O, solution were used to prepare
a 40 mM solution of H,O, The MeOH extracts with
volumes ranging between 10 to 50 uL were mixed with 0.6
ml of 40 mM H,0, solution. The mixtures were incubated
for 10 minutes, and the absorbance was measured at a
wavelength of 230 nm. A blank solution was made with
phosphate buffer without the 40 mM H,O, solution. The
following equation was used to determine the inhibition
% of the extracts:

% Scavenged H,0, = [(A_- A )/Ac] x 100
where A_ represents the absorbance of the control

(phosphate buffer mixed with 40 mM H,0, solution, and
A_ is the absorbance of the extracts.
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Iron chelating assay

A modified method of the chelating power of B.
natalensis extracts was conducted following the developed
methodology by Dinis et al (26). Varying concentrations
(10-50 uL) of the MeOH extracts were initially mixed with
a 50 pL solution of 2 mM of ferric (II) chloride. A volume
of 0.2 mL of 5 mM of ferrozine was added to initiate the
reaction, which was thoroughly shaken and left to incubate
at room temperature for 10 minutes. The absorbance was
measured at 562 nm, and a blank solution of 80% MeOH
was prepared. To determine the % inhibition of chelated
iron, the following equation was used:

% Chelation = [(A,- A )/A,] x 100

where A is the control absorbance (ferric (II) chloride
mixed with ferrozine) and A is the extract absorbance.

Qualitative antibacterial activity assay

Test for pathogens

Two strains of bacterial pathogens, gram-positive
Staphylococcus aureus (ATCC 25923) and gram-negative
Escherichia coli (ATCC 25922) were cultured in two agar
media, namely Baird-Parker (S. aureus) and Muller-
Hinton (E. coli), respectively. Both test microorganisms
and agar were purchased from Thermo-Fisher Laboratory
Specialties (Pty) Ltd.

Investigation of antibacterial activity

The agar-well diffusion method developed by Jain et al
(27) with slight modifications by Adeleye and Risenga (28)
was adopted for this assay. The cultured agar plates with
each respective pathogen were incubated for 24 hours at
37 °C. Once the successful growth of the pathogen was
observed, 6 mm diameter wells were bored in the agar
using a sterile borer. The respective methanolic extract
and dimethyl sulfoxide (DMSO-negative control) (100
ul each) were added to the wells and the plates were
refrigerated for one hour to allow for the diffusion of the
extracts. Following this process, the plates were once again
incubated in the same conditions as previously mentioned
for another 24 hours. The zone of inhibition, which served
as an indicator of antibacterial activity, was measured in
millimetres (mm) using Vernier callipers.

Statistical analysis

R Studio® statistical software was used to perform one-
way analysis of variance (ANOVA) and Tukey HSD post
hoc tests to determine the overall significance across all
plant parts (indicated by the P < 0.05) and where the
difference lies amongst the plant parts (indicated by
superscript letters). The quantitative phytochemical, in
vitro antioxidant, and antibacterial activity analyses were
replicated three times, and all values were represented in
mean + standard error (SE).

Phytochemical and biological analysis of B. natalensis

Results

Qualitative phytochemical analysis

Table 1 summarises the qualitative phytochemical
analysis of the MeOH leaf extract of B. natalensis. The
leaves showed a higher presence of tannins, phenolics,
and coumarins than the underground stems and roots,
followed by an average presence of glycosides. Flavonoids,
steroids, and volatile oils were also present in the leaves.
Only glycosides, saponins, terpenoids, coumarins, and
phlobatannins were detected in the underground stem
extract, and surprisingly the roots only showed the
presence of tannins, terpenoids, steroids, saponins, and
glycosides.

Total phenolic content

The results from the B. natalensis extracts showed that the
underground stems contained the highest TPC of 1909.2
+ 4.8 mg GAE/g, whereas the roots followed with 1002.8
+ 24.7 mg GAE/g and then the leaves with 867 + 64.5 mg
GAE/g (Table 2). Although the ANOVA results indicated
a significant difference among all plant parts (P < 0.05),
Tukey’s test revealed that only the underground stems had
a significant difference in comparison to the leaves and
roots.

Total flavonoid content

The underground stem extract of B. natalensis recorded a
TFC of 259.7 + 27.2 mg QE/g, followed by the roots with
238.3 +43.3 mg QE/g and then the leaves with 134.4 + 21.4
mg QE/g. The ANOVA showed no significant difference
in the TFC (P>0.05) (Table 2).

Total tannin content

The leaves contained the greatest TTC (3003.3 + 38.5 mg
GAE/g; Table 2), with the underground stems trailing
behind (2890 + 53.1 mg GAE/g) and then the roots (1645
+ 34.5 mg GAE/g). Overall, a significant difference was
reported across the plant parts (P < 0.05); however, only
the roots showed a significant difference when compared

Table 1. Qualitative phytochemical analysis of MeOH leaf extract of B.
natalensis

Phytochemical group Leaves
Tannins +++
Phenolics +++
Flavonoids +
Steroids +
Terpenoids

Glycosides ++
Saponins

Coumarins +++

Phlobatannins

Volatile oils +

Present (+); average presence (++); high presence (+++); undetected (-).
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Table 2. Quantitative phytochemical content of the MeOH extract of Bulbine natalensis

Plant part TPC (mg GAE/g) TFC (mg QE/g) TTC (mg GAE/g) TPAC (mg CE/g)
Leaves 867° £ 64.5 134.4°+21.4 3003.3*+ 38.5 362.3°£9.5
Stems 1909.2°+ 4.8 259.72 +£27.2 2890* +£53.1 858.3°+1.7
Roots 1002.8° +24.7 238.3°+43.3 1645° +34.5 373.3°+1.7

GAE, gallic acid equivalent; QE, quercetin equivalent; CE, catechin equivalent; TPC, total phenolic content; TFC, total flavonoid content; TTC, total

tannin content; TPAC, Total proanthocyanidin content.

The mean values of different superscript letters (a-b) in each column show a significant difference (Tukey’s post hoc test, P < 0.05), whereas values with
similar superscript letters (a) show no significant difference (Tukey’s post hoc test, P > 0.05).

with the leaves and underground stems, based on Tukey’s
post hoc test.

Total proanthocyanidin content

The results from the total proanthocyanidin content
complemented the trend in the concentration from
the different plant parts as the TPC and TFC. The
underground stems had a higher concentration of 858.3 +
1.7 mg CE/g, followed by the roots (373.3 + 1.7 mg CE/g)
and the leaves (362.3 + 9.5 mg CE/g; Table 2), respectively.
Similar to the TPC, the underground stem was the only
plant part to have a significant difference in comparison
to the leaves and roots (P < 0.05).

In vitro antioxidant activity

As previously mentioned, the lower the IC, value the
stronger the radical quenching power of the extracts. The
DPPH, H,O,, and iron chelating properties of B. natalensis
MeOH extracts were investigated. The root extract of B.
natalensis showed a lower IC_ value (0.36 + 0.02 mg/mL)
against the DPPH radical than the leaves (3.88 + 0.16 mg/
mL) and the underground stems (35.86 + 0.29 mg/mL)
with the latter exhibiting the weakest antioxidant activity
(Table 3). B. natalensis scavenged the hydrogen peroxide
radical much better than DPPH, which was evident in the
IC,, values falling under 1 mg/mL indicating excellent
antioxidant activity. The B. natalensis root extract had
the lowest radical quenching activity with an IC, value

Table 3. Antioxidant activity (IC,,) of Bulbine natalensis MeOH extracts

of 0.24 + 0.04 mg/mL, while the leaves showed an IC_
concentration of 0.29 + 0.05 mg/mL and a concentration
of 0.61 = 0.05 mg/mL for the underground stems. Once
again, B. natalensis displayed an excellent scavenging
potential in the iron chelating assay with the leaves, roots,
and underground stems all having IC, values less than
1 mg/mL (0.19 + 0.001 mg/mL, 0.33 £ 0.01 mg/mL, and
0.89 + 0.02 mg/mL, respectively). All three assays showed
an overall significant difference in B. natalensis (P < 0.05).

Antibacterial activity

The antibacterial activities of various B. natalensis plant
parts were tested against gram-positive S. aureus and gram-
negative E. coli. The zones of inhibition were measured
following a 24-hour incubation after the extracts were
impregnated in the wells and the results were recorded
in Table 4. B. natalensis extracts showed intermediate
zones of inhibition with the exception of the leaves against
S. aureus, which showed no activity. The leaves had the
greatest inhibitory activity against E. coli at 18.33 + 0.88
mm. All plant parts had a significant difference for each
bacterial strain when compared to each other (P < 0.05).

Discussion

The presence of tannins, phenolics, and coumarins in B.
natalensis leaves was revealed to be in excess compared
to the species’ subterranean counterparts. Tannins were
proclaimed to possess a number of beneficial properties,

Plant part DPPH (mg/mL) H,0, (mg/mL) Iron chelating (mg/mL)
Leaves 3.88°+0.16 0.297 £ 0.05 0.19°+ 0.001
Stems 35.86*+0.29 0.61°+0.05 0.89°+0.02
Roots 0.36°+0.02 0.24° £ 0.04 0.33°+0.01

DPPH, 2,2-diphenyl-1-picrylhydrazyl; H,0, Hydrogen peroxide.
Mean values in each column followed

f)y different superscript letters (a-c) are significantly different (Tukey’s post hoc test, P<0.05).

Table 4. Antibacterial activities of Bulbine natalensis MeOH extracts against Staphylococcus aureus and Escherichia coli

Plant part S. aureus E. coli

Leaves No activity 18.33°+0.88
Stems 15.33°+0.67 15.33% +0.88
Roots 15.67°+0.33 13.33°+0.88

Mean values in each column followed by different superscript letters (a-b) are significantly different (Tukey’s post-hoc test).
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some of which include cancer therapy, antioxidant,
antimicrobial, wound-healing, and antidiabetic properties
(29). Tannins are also utilised in food service industries
as food additives in wine, beer, fruit juice, and so on
(29,30). Phenolics are one of the most well-known
antioxidants and are attributed to plant anti-oxidative
activities, which enable them to successfully act as
reducing agents and hydrogen donors (31-33). Phenolics
are good alternatives in the treatment of inflammatory
diseases (34). Coumarins are known to possess anticancer,
anti-inflammatory, antibacterial, and neuroprotective
properties (35). Coumarins have also been reported to
control the mitigation and attack of breast cancer cells (35).
Similar to the findings from the phytochemical screening
of B. natalensis underground stems of the present
study, Yakubu and Afolayan (5) reported the absence of
phenolics, flavonoids, and steroids in the aqueous extracts.
Surprisingly, phlobatannins were not detected in the latter
study; however, the phytochemical group was identified in
this study. Another report on the phytochemical screening
of the leaves by Lazarus (1) showed that terpenoids,
phlobatannins, and steroids were not detected in the water,
chloroform, hexane, and ethyl acetate extracts. However, in
contrast to their findings, this study reported the presence
of steroids in the methanolic leaf extracts. The reasons for
the differences in the detection of compounds could be
based on a number of factors. The use of various solvents
and the method of extraction determine the presence or
absence of phytochemicals, as a result of their varying
solubility in different solvents (36,37). In addition, the
method of preparing the plant material (drying method
and drying time) prior to extraction can also influence the
synthesis or degradation of compounds, as well as their
bioactivity (38). Further research should be conducted
on the phytochemical screening of B. natalensis, using
various methods of plant preparation and extraction, as
they could possibly produce different results.

The root and underground stems of B. natalensis showed
a higher quantity of total phenolics, total flavonoids, and
total proanthocyanidin content compared to the leaves.
Flavonoids are greatly used in the healthcare industry, due
to having potential anti-inflammatory, antioxidant, and
anti-cancer properties (39). The present study is the first
of its kind to report the presence of proanthocyanidins
in all plant parts of this species. Proanthocyanidins have
been reported to possess antioxidant, anti-diabetic, anti-
platelet aggregating, and anticancer properties (40).
Overall, the quantities of the phytochemical compounds
in B. natalensis further validate the species’ uses in
traditional medicine and could open avenues for their
potential applications in the pharmaceutical and cosmetic
industries.

The development of cancer, diabetes, neurodegenerative,
and cardiovascular diseasesis theresult of theaccumulation
of free radicals to which antioxidants prevent oxidative

Phytochemical and biological analysis of B. natalensis

stress and the development of such illnesses and diseases
(41-43). Lazarus (1) reported that the IC, values of
B. natalensis leaves were all greater than 5 mg/mL for
hexane, ethyl acetate, and water extracts. Another study
by Ghuman et al (10) showed that B. natalensis roots had a
stronger antioxidant activity against nitric oxide (28.64 ug/
mL) compared to the leaves (54.79 pg/mL). In the current
study, the roots and leaves exhibited the lowest IC_ against
DPPH compared to the leaves and underground stems.
Similar results were recorded for the hydrogen peroxide
assay, where the roots had the greatest scavenging activity,
followed by the leaves and the underground stems. All
plant parts exhibited excellent iron radical scavenging
activity. These results validate the plant’s use in traditional
medicine. The results from this study further elucidate that
the B. natalensis roots have overall excellent antioxidant
activity and imply that the plant part might be beneficial to
the pharmaceutical industry. The underground stems and
leaves also showed good antioxidant activities indicating
that the plant species can be useful in antioxidant product
development.

The intermediate zones of inhibition imply that the
plant parts, although having antibacterial activity, have
an uncertain effect against the bacterial strains (44). The
current results showed higher antibacterial activities in
the underground plant parts against S. aureus and all three
plant parts against E. coli with zones of inhibition between
13 and 19 mm as compared to the results reported by
Mocktar (7). In contrast to the current results, a study
by Mocktar (7) showed that the organic solvent extracts
of B. natalensis did not inhibit E. coli bacterial growth.
However, an intermediate inhibition was reported for the
underground stems (10.5 mm) and roots (11 mm) against
S. aureus from the organic extracts. Although B. natalensis
displays sufficient antibacterial activity to inhibit and
relieve skin infections in the traditional context, the
species’ application for the advancement of antibiotic
medication would still need to be further analysed.

Conclusion

In the current study, the highest presence of tannins,
phenolics, and coumarins was observed in the leaves,
indicating that the leaves could have the greatest potential
for application to industry, although the underground
stems and roots had some potentials considering that
the identified compounds in both plant parts can have
applications to industry. The TPC, TFC, and TPAC
results revealed that the underground stems had the
highest concentration of phenolics, flavonoids, and
proanthocyanidins, followed by the roots and the leaves.
This could be the result of plant morphology functions,
meaning that the underground organs store most of the
nutrients and compounds. The roots showed excellent
antioxidant activity against all three radicals, indicating
their potential uses in antioxidant manufacturing in
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pharmaceutical industries. Overall, B. natalensis does
have good antioxidant activity validating its traditional
uses. The intermediate zones of inhibition recorded
from the antibacterial assay infer that B. natalensis has
the potential to inhibit bacterial growth to some degree,
and can also be introduced to pharmaceutical and
cosmeceutical industries for the production of antibiotic
products. Future recommendations would include the
expansion of the phytochemical analysis of the species
(both qualitative and quantitative) by adopting various
plant preparation and extraction methods, as multiple
factors can influence the phytochemical profile of
medicinal plants. Quantitative antibacterial methods
such as minimum inhibitory concentration should also
be considered for further research on the antimicrobial
potential of the plant species.
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