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Abstract

Kigelia africana is an evergreen deciduous tree used in Zimbabwe folklore medicine for wound
and diabetes ulcers healing. This paper reports the isolation and quantification of flavonoids from
stem barks and fruits of K. africana as well as their antibacterial and antiradical activities.
Flavonoids in ethanol and ethyl-acetate extracts were quantified using UV-Vis spectrophotometry
and were found to be 213.490 + 0.001 mg/L and 36.614 + 0.001 mg/L, respectively per quercetin
equivalent. The preparative and analytical thin layer chromatography was used to profile the
flavonoids from fruits and barks using ethyl-acetate and petroleum ether (3:7 v/v) mobile solvent
systems. Ethanol extract yielded three flavonoids with R¢ values of 0.05; 0.79 and 0.93, while the
ethyl-acetate extract yielded two flavonoids with R; values of 0.21 and 0.73. The antiradical
activities of the extracts were determined using DPPH radical scavenging method using quercetin
as reference, and the activities were found to be over 80% at 150 mg/L. The disc diffusion method
was used for antibacterial activity determination, and flavonoids from both ethanol and ethyl-
acetate extracts showed zones of inhibition ranging from 0 to 22 mm against Staphylococcus
aureus and Pseudomonas aeruginosa. Although the present study revealed that flavonoids from K.
africana possess significant antibacterial and antioxidant activities, more studies are necessary for
them to be incorporated in polyherbal formulations for wound and diabetic ulcer topical
treatments.

Keywords: Diabetic foot ulcers; Kigelia africana; Antibacterial activity; Flavonoids; Antioxidant
activity.

Introduction

Diabetic ulcers is a major problem in
diabetic patients with limited treatment regimes
conventionally (Lipsky et al. 2012). Untreated
wounds develop into gangrenes leading to
amputation. Infected diabetic foot ulcers
account for approximately 25% of all hospital
admissions for diabetes patients (Citron et al.
2007). Diabetes patients have impaired micro-
vascular circulation causing treatments of

diabetes wounds to be difficult (Lipsky et al.
2012). This is because phagocytic cells are
fewer at the affected tissues combined with
poor nutrient availability (Lipsky et al. 2005,
2012). Staphylococcus aureus is the most
frequent pathogen on diabetic foot ulcers
followed by various Pseudomonas species
(Dang et al. 2003). Thus an effective diabetic
ulcers remedy should have antiradical and
antibacterial properties. Multidrug resistance
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and costs of conventional medicines
complicates treatments of diabetic ulcers in
many patients especially in developing
countries (Lipsky et al. 2012, Mishra et al.
2013). This has led to the search for new agents
mainly phytochemicals from plants that can be
drug alternatives (Atta et al. 2017).

Herbal medicines are common nowadays
due to their availability and low costs. The
presence of bioactive components in plants
particularly phenolic acids and flavonoids
enable plants to possess anti-oxidative and
many pharmacological properties (Ignat et al.
2011, Goveas and Abraham 2013). In folklore
medicines in Zimbabwe, people use Kigelia
africana as a remedy to wounds and diabetes
ulcers. The local people use the bark, root or
fruit powders or their water infusions to treat
burns, general wounds and diabetic ulcers
(Saini et al. 2009). The plant is administered
topically on the wound or diabetic ulcer. The
stem and root barks and fruits have a rich
yellowish  colour implying richness in
flavonoids (Saini et al. 2009). The K. africana
plant is rich in various phytochemicals such as
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flavonoids, alkaloids and steroids, thus may
have significant medicinal properties (Saini et
al. 2009). Therefore, the present study was
designed to investigate the presence of
antibacterial and antiradical flavonoids in the
fruits and barks of K. africana. Flavonoids,
abundant in fruits and barks of medicinal
plants, have been studied extensively as they
possess high antioxidant and antibacterial
properties against both Gram positive and
Gram negative bacteria (Saini et al. 2009,
Stalikas 2007).

Materials and Methods
Sample collection

The mature fruits and barks were
authenticated by a taxonomist at Harare
Botanical garden. The samples of K. africana
fruits and barks (Figure 1) were collected from
the forests in Mukore and Mashoko areas in
Bikita district, Masvingo Province, Zimbabwe
in December 2018 and a voucher specimen
2018/12 was deposited in the Chemistry
Department of Bindura University of Science
Education.

(a) K. africana tree, (b) its mature fruit and (c) chopped barks and fruits.



Tanz. J. Sci. Vol. 47(1) 2021

Sample treatment

The collected barks and fruits of the K.
africana plant were chopped into small pieces
and air dried to prevent enzymatic actions. This
was followed by crushing and grinding into
fine powder and then stored for further
extraction processes.

Instruments

Electronic analytical balance AE Adam was
used for measuring the masses of the samples.
The Labotec horizontal shaker was used for
shaking the volumetric flasks containing the
extracts. Solid phase extraction (SPE)
cartridges packed with silica gel were used for
concentrating the crude extracts after solid
liguid extraction. RE rotary evaporator
manufactured by Xian Heb Biotechnology
company was used for concentrating the
extracts from the SPE. The TLC plates used
were supplied by Merck Darmstadt, Germany.
Stuat Scientific magnetic stirrer hot plate was
used for heating.The KnF Neuberger vacuum
pump was used for enhancing the filtration
process. UV-Vis Thermo Scientific Genesys
10S  spectrophotometer  with  Visionlite
software was used for the determination of
flavonoids content in the extracts. A CE Serial
No. 15102295 Vilber Lourmat UV-
Visualization detector set at 365 nm was used
for visualising the TLC chromatograms.

Chemical and reagents

The methanol, ethanol, acetic acid,
chloroform, hexane, petroleum ether, ethyl-
acetate (analytical grades) were supplied by
Sky Labs, South Africa. The Mueller Hinton
Agar used in this study was supplied by
Biomark Laboratories, India. Streptomycin
discs were supplied by Mast Diagnostics, UK.
The quercetin was supplied by Sigma Aldrich,
Germany. The 2, 2 diphenyl-1-picrylhydrazyl
(DPPH, analytical grade) used was supplied by
Sigma Aldrich, Germany, Lot Number
STBC5113V. Mupirocin a topical antibiotic
cream was bought from local pharmacies.
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Solvent extraction

Solvent extraction was performed according to
the method of Gwatidzo et al. (2018) with
minor modifications.

Liquid solid extraction using ethanol and
ethyl-acetate

A mass of 10 g of powdered K. africana
fruits and barks was mixed with 50 mL of
absolute ethanol, analytical grade in a 250 mL
volumetric flask. The sample was shaken for
30 minutes on a horizontal shaker and then
filtered using Whatman’s number 1 filter
paper. The filtrate was collected for further
analysis. The maceration process was repeated
twice more with further 30 mL and 20 mL
absolute ethanol. The collected filtrates for the
whole process were mixed to obtain the ethanol
extract.

The extraction procedure was repeated
using ethyl-acetate. The two extracted samples
were concentrated using solid phase extraction
process and rotary evaporation (Gwatidzo et al.
2018, Dzomba and Muchanyereyi 2012).

Solid phase extraction

The solid phase extraction was done
according to the methods of Mumin et al.
(2006) and Gwatidzo et al. (2018) with minor
modifications. Each extract from liquid solid
extraction was taken to the solid phase
extraction process. This was done to get
concentrated crude extracts. The SPE cartridge
was conditioned by allowing 5 mL of absolute
ethanol to pass through by the help of gravity.
Equilibration was achieved by passing 5 mL of
distilled water through the silica gel sorbent.
The ethanol extract was then loaded and passed
through the cartridge under gravity. 1.5 mL of
acetone was used in order to maximise sample
clean-up. The final stage was eluting using 5
mL methanol and concentrated on a rotary
evaporator at 40 °C. The collected samples
were then stored for further analysis. The
procedure was repeated using ethyl-acetate
extract.
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Analytical thin layer chromatography

Thin layer chromatography (TLC) was
done according to the methods of Gu et al.
(2009 and Gwatidzo et al. 2018) with minor
modifications. TLC plates, 10 x 5 cm silica gel
were used for the chromatographic analyses.
The plates were first activated through heating
at 100 °C for about 10 minutes and then
allowed to cool to about 25 °C. Pencil drawn
baseline which was 1.5 cm was drawn from the
edges of the TLC plates. The two extracts were
placed on the pencil drawn baseline of different
TLC plates using thin capillary pipettes. The
plates were placed in a development chamber
containing a trial solvent system. Several trial
runs were carried out in order to determine the
mobile phase which gave the best separation.
The following solvent systems were used
initially in order to search for the best mobile
phase.
1. Ethanol: acetic acid: water (6:11:3 v/v/v);
2. Chloroform: methanol: hexane (2:7:1
VIVIV);
Methanol: acetic acid: water (2:2:6 v/v/v);
Ethyl-acetate: petroleum ether (3:7 v/v);
and
Water: ethyl acetate: methanol (1.5:10:2
VIVIV).
The ethyl-acetate: petroleum ether (3:7 v/v)
solvent system gave the best separation. The
solvent front was allowed to move until it
reached the position which was 1.5 cm from
the top end of the TLC plate. The plate was
removed and the position of the solvent front
was marked using a soft pencil. The plate was
air dried and then sprayed with 1% ethanolic
aluminium chloride revealing reagent and then
dried again. The dried TLC plates were
visualised under UV/Vis lamp at 365 nm. The
positions of the spots formed after spraying the
ethanolic  aluminium  chloride revealing
solution were identified and marked and finally
the retention factor of each spot was calculated.

3.
4,

5.

Preparative thin layer chromatography
Silica gel TLC plates were used. A

concentrated band of ethanol or ethyl acetate

extracts was deposited on a pencil drawn
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baseline on the TLC plates which was about
1.5 cm from the edge and the plates were
allowed to dry at room temperature. The dried
plant extract samples were gently placed in a
development glass chamber with the mobile
phase ethyl-acetate: petroleum ether (3:7 v/v).
The solvent travelled almost the % length of
the plates and the final position of the solvent
front was identified and marked by a soft
pencil. The plates were left to stand at room
temperature until they were dried. The extracts
were separated into bands and bands which
tested positive for the flavonoids (see Figure 2)
were scratched and re-dissolved in 2 mL of
ethanol separately and then filtered, collected
and stored in a fridge (0-5 °C) waiting for
further analysis. 1% ethanolic aluminium
chloride solution was used for testing for the
presence of flavonoids. The positions of
different bands were identified and the
retention factor values of these bands were
calculated.

Quantitation of flavonoids

Exactly, 2 mL of the extracts were mixed
with 0.1 mL of aluminium chloride and 0.1 mL
of sodium acetate and then incubated at room
temperature for 30 minutes. The intensity of
the colour of extracts formed after incubation
was measured at 415 nm. The procedure was
repeated for other flavonoids extracts. A
calibration curve for quercetin (15-300 mg/L)
was plotted from which the flavonoids content
of the extracts was determined as per quercetin
equivalent.

Antiradical activity determination

The DPPH (2, 2 diphenyl-1-picrylhydrazyl)
antiradical activity determination method of
Muchuweti et al. (2013) was followed with
minor modifications.
Preparation of sample solution: 0.1 mM
solution of DPPH was prepared by dissolving
0.0039 g in 100 mL of methanol. A 3 mL
volume of this methanolic solution of the
DPPH was placed into a cuvette and 20
microlitres of the sample added. Absorbance at
517 nm was read on a UV-Vis
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spectrophotometer over 20 min. Concentration
ranging from 15 to 300 mg/L were prepared.

Preparation of standard solution: 20 mL of
methanol was used initially to dissolve 0.15 g
of quercetin and a stock solution with
concentration of 300 mg/L was prepared. Five
standards having concentration ranging from
15 mg/L up-to 300 mg/L were prepared from
the stock solution using serial dilutions.

Antibacterial activity determination

The combinations of standardised single disk
and well diffusion methods of Dzomba et al.
(2012) and Sen and Batra (2012) with minor
modifications were followed.

Sample preparation: Mueller Hinton Agar
(MHA) (M173) plates were used for growing
S. aureus and P. aeruginosa. 38 g of MHA
were dissolved in 1000 mL of distilled water
and boiled to dissolve the medium completely.
The medium was sterilised at 121 °C for 15
minutes in an autoclave and plates were
prepared with a depth of about 4 mm. The
media was left to solidify and the bacteria
cultures were placed on the agar plate
individually and spread evenly using a sterile
bent glass rod over the entire surface. The
wells were prepared using cork borers of
diameter 5 mm under aseptic conditions.
Exactly 50 mL of ethanol were used to dissolve
0.15 g of flavonoids in order to prepare a stock
solution of concentration 300 pg/L, four
samples having concentrations ranging from 10
Mg/L to 300 ug/L were prepared from the stock
solution using serial dilutions. The Mueller

Table 1:  Quantities of the extract

Hinton agar plates were incubated for 16-18
hours at 35 °C and the zones of the inhibition
were measured using a 30 cm ruler. The zones
indicated the susceptibility or resistance of a
bacterium to the extract. The zones of
inhibition diameters of the extracted flavonoids
were compared with the zone of inhibition
diameter obtained when 300 pg mupirocin
discs of diameter size 5 mm were used.
Absolute ethanol and sterile water were used as
negative control solutions. The antibiotic
mupirocin 300 pg/L was used as a positive
control.

Statistical Analyses

The results are presented as mean * standard
deviation. All the statistical analyses between
treatments  were  determined at 95%
significance level using ANOVA and Student’s
T test. The statistical analyses were computed
using IBM SPSS 20 software.

Results
Extraction results

Plant samples, fruits and barks were stored
and dried in a refrigerator at 5 °C in order to
improve its shelf life and reducing sample
degradation (Doughari 2012). In this study, the
flavonoids were extracted using absolute
ethanol and ethyl-acetate. Table 1 shows the
quantities obtained after extracting with
ethanol and ethyl acetate solvents as per 10 g
samples used. Table 1 revealed that 1.07 + 0.12
g and 0.65 £ 0.06 g were obtained from
extracting 10 g of powdered fruits and barks of
K. africana using ethanol ethyl-acetate,
respectively.

Extract Sample Mass of extracts obtained (g) per 10 g of sample used
Ethanol 1 1.0012

2 1.2100

3 1.0014

Average 1.07 £ 0.12
Ethyl acetate 1 0.7116

2 0.5938

3 0.6345

Average 0.65 £ 0.06
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Thin layer chromatography results

Table 2 shows the results obtained when the
chromatograms were sprayed with a visualising
reagent. The visualising reagent used was 1%
ethanolic aluminium chloride. The spots which

. Dist d by solut
Retention factor (Ry) =— v o -0y 391072

Distance moved by solvent

gave positive tests for flavonoids were
designated ++ and those spots which tested
negative were designated x. The retention
factor values were calculated using the
equation below.

Table 2:  Flavonoids profiling

Type of extract ~ Number of spots Retention factor values  Test on flavonoids

Ethanol extract 10 0.05 ++
0.15 X
0.23 X
0.27 X
0.41 X
0.62 X
0.68 X
0.79 ++
0.89 X
0.93 ++

Ethyl-acetate 6 0.13 X
0.21 ++
0.33 X
0.45 X
0.56 X
0.73 ++

KEY:
X

Analytical and Preparative TLC

The chromatograms on Figure 2 show the spots
which tested positive for flavonoids after
spraying with the revealing agent 1% ethanolic
AICI; and dried in an oven and then visualised
under UV-Vis at 365 nm. The ethanol extract
gave 3 spots which tested positive for the
flavonoids and they gave characteristic blue,
yellow and orange colours (Rs 0.05 = yellow;
Rf 0.93 = orange; R 0.79 = yellow). The ethyl
acetate extract gave two spots which tested
positive for flavonoids and they both have a
characteristic yellow colour (Kay et al. 2012,
Mohammed 1996).
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++ Flavonoids tested positive using ethanolic aluminium chloride;
Flavonoids tested negative using ethanolic aluminium chloride.

Quantitation of flavonoids

Extracts from K. africana showed presence
of flavonoids with a maximum wavelength of
426 nm which coincided with that of quercetin
(Figure 3). Flavonoids have aromatic rings,
hence the conjugated double bonds allow them
to be analysed in ultraviolet or visible ranges.
Interferences from other phytochemicals are
reduced when complexes with bathochromic
effect are formed as a result of the dative bonds
formation between aluminium cations and the
flavonoids (Silva et al. 2009). Ethanol extract
showed higher amounts of flavonoids than
ethyl acetate extract (Table 3).
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Figure 2: TLC chromatograms showing flavonoids after using revealing agent.
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Figure 3:  UV/Vis spectrum showing the absorbance of quercetin at 427 nm.
Table 3: Concentrations of flavonoids per quercetin equivalent extracted
Extract Absorbance Average Concentration (mg/L)
Ethanol 0.862 0.861 0.862 0.862 213.490 + 0.001
Ethyl acetate 0.392 0.392 0.391 0.392 36.614 + 0.001
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Antiradical activity determination ethanol extract of K. africana versus quercetin
Ethanol extract standard can be modelled by the following

The antiradical activity of flavonoids (Rf=  graph in Figure 4.
0.05; R; = 0.79 and R; = 0.93) obtained from

120 +
100
80
60

40
20

= === =_= == == =
18.75 375 75 150 300
Concentration (mg/L)
Key: == == == == !TFlavonoids with R of 0.79;
Flavonoids with R; of 0.93;
we—F W= ® Flavonoids with Ry of 0.05;
Quercetin standard.
Figure 4. Graph showing antiradical activity of flavonoids from ethanol extract versus quercetin
standard.

% inhibition

Ethyl acetate extract extract of K. africana versus quercetin standard
The antiradical activity of flavonoids (Rf = can be modelled on Figure 5.
0.21; R¢ = 0.73) obtained from ethyl-acetate

120 -
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Concentration (mg/L)
Key: = === == == ! Tlavonoids with R of 0.73;
Quercetin standard;

FERERREERSESESClavonoids with Ry of 0.21.

Figure 5: Graph showing antiradical activity of flavonoids from ethyl-acetate extract versus
quercetin standard.
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Figure 6:
using ethanol.

Figures 4-6 show the results of antioxidant
activity analysis (DPPH) tests for the ethanol
and ethyl-acetate extracts of K. africana. The
yellow colour indicates high antioxidant
activity and purple colour indicates lack of
antioxidant activity. The results showed that

»

Photogréphs showing colours obtained with DPPH assays of flavonoids extracted

for ethanol extract flavonoids separating at Ry;
0.05, 0.93 Table 4 and Figure 4 exhibited
DPPH antiradical activity that was comparable
to that of quercetin. Flavonoid separating at
0.79 consisted of antiradical activity; however,
it was lower than that of quercetin.

Table 4: The I1Cx, values of isolated flavonoids and quercetin

Sample 1Cg (mg/L)
Flavonoids R;0.05 11.0
Flavonoids R;0.79 520.8
Flavonoids R;0.93 11.2
Flavonoids R;0.21 2343
Flavonoids R; 0.73 468.8
Quercetin 10.3

Antibacterial activities

Figure 7 and Tables 5 and 6 show results of the
antibacterial activities of the flavonoids and
solvents as isolated by preparative TLC. Agar
well diffusion method was regarded as a
relatively low sensitive assay as samples were

Figure 7: Pictures sho

ing zones of inhibition.

further diluted when diffusing into the agar. As
a result, it was combined with disc diffusion in
this study. The diameters of zones of inhibition
were measured according to Uddin et al.
(2007).
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Table 5:

Zones of inhibition shown by the isolated flavonoids

Diameter of zone of inhibition (mm)

Amount of flavonoids of R¢ value of 0.05 375 75 150 300
pg/mL pg/mL pg/mL pg/mL
Staphylococcus aureus 2+0.01 4+001 17+£0.01 19+0.01
Pseudomonas aeruginosa 0 1£001 10z 18+0.01
0.001
Amount of flavonoids of R; value of 0.21 375 75 150 300
pHg/mL pg/mL pg/mL pg/mL
Staphylococcus aureus 0 2+001 10+£0.01 12+0.01
Pseudomonas aeruginosa 0 1+£0.01 3+0.01 6+0.01
Amount of flavonoids of R¢ value of 0.73 375 75 150 300
pag/mL pg/mL pg/mL pg/mL
Staphylococcus aureus 2+0.01 4+001 7001 9+0.01
Pseudomonas aeruginosa 0 0 4+0.01 9+0.01
Amount of flavonoids of R; value of 0.79 375 75 150 300
pHg/mL pg/mL pg/mL pg/mL
Staphylococcus aureus 1+£0.01 7+001 14+£0.01 18+£0.01
Pseudomonas aeruginosa 1+£0.01 4+001 7x0.01 11+£0.01
Amount of flavonoids of R; value of 0.93 375 75 150 300
pag/mL pg/mL pg/mL pg/mL
Staphylococcus aureus 2+0.01 4+001 19+£0.01 22+0.01
Pseudomonas aeruginosa 1+0.01 24001 10+0.01 17+0.01
Mupirocin 37.5 75 150 300
pag/mL pg/mL pg/mL pg/mL
Staphylococcus aureus 2+0.01 4+001 18+0.01 23+0.01
Pseudomonas aeruginosa 1+£0.01 2+001 10+£0.01 16+£0.01

Table 6:  Control samples zones of inhibition
Diameter of zone of inhibition (mm)
Control Water 99.9% ethanol
Staphylococcus aureus 0 1
Pseudomonas aeruginosa 0 1
Discussion ethanol gave a considerable amount of extracts.
Extraction The high efficiency of ethanol as an extracting

Plant samples were stored in a refrigerator at 5
°C in order to increase its shelf life by reducing
sample degradation (Doughari 2012). In this
study, the flavonoids were extracted using
absolute ethanol (99.9%) and ethyl-acetate.
Table 1 reveals that 1.07 + 0.12 g were
obtained from extracting 10 g of powdered
fruits and barks of K. africana using ethanol
and also 0.65 + 0.06 g were obtained after
using ethyl-acetate as an extracting solvent.
These results showed that extraction using
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solvent is attributed to its intermediate polarity
which enables it to extract polar and apolar
compounds (Khandelwal et al. 2016).

Flavonoids profiling

The study revealed the presence of flavonoids
in the fruits and barks of K. africana tree. The
identification of the flavonoids on TLC
chromatograms was applicable after spraying
the bands with ethanolic aluminium chloride
which is the revealing agent. The sprayed TLC
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chromatograms were then viewed under UV-
Vis spectrophotometer at 365 nm. In this study,
a total of five different flavonoid types were
observed as shown in Figure 2. Spots which
gave negative results after using the revealing
agent (1% ethanolic aluminium chloride) were
regarded as the unknowns and discarded. The
ethanol extract yielded three types of
flavonoids having the Rf values of 0.05, 0.79
and 0.93. The ethyl-acetate extract contained
two types of flavonoids with retention factor
values of 0.21 and 0.73. Ethanol was a solvent
used in this study for re-dissolving the isolated
flavonoids because it could dissolve all the
actives contained in the sample. Previously, K.
africana was found to contain two flavonoids,
namely quercetin and luteolin (Dennis and
Woulandari2017, Saini et al. 2009). According
to Doughari (2012), Mohammed (1996) and
the TLC results, the flavonoids at R; 0.05
showing yellow colour and at R¢ 0.93 showing
orange colour are flavonol glycosides,
quercetin, myricetin, kaempferol and luteolin
7-0-glycosides.

Antiradical activity

Table 4 showed that the flavonoids from
ethanol extract produced 1Cs, values of 11
pg/L, 11.2 pg/L and 520.8 pg/L, while those
from ethyl acetate extract produced 1Cs, values
of 468.8 ug/L and 2343 pg/L. The extracts
converted DPPH free radical into DPPHH
(Dzomba et al. 2012) resulting in the change of
colour from purple to yellow as revealed in
Figure 6. The heterocyclic nature of flavonoids
enable antioxidant activity by allowing
conjugation between hydroxyl groups and the
aromatic rings (Kumar and Pandey 2013). The
study is in agreement with the previous study
which showed the presence of antioxidants in
ethanol extract of K. africana (Olalye and
Rocha 2007). Flavonoids obtained by ethanol
extraction were also more effective free radical
scavengers (Mohdaly et al. 2009).

Antibacterial activities
Crude extracts of K. africana are used in
folklore medicines to treat wounds and diabetic
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ulcers, inflammation and sores (Saini et al.
2009). Flavonoids form chemical complexes
with proteins due to the presence of hydrogen
bonds and hydrophobic effects thereby
inactivating microbial adhesions and cell walls
(Kumar and Pandey 2013). Flavonoids reduce
the fluids present in membranes of bacterial
cells resulting in the death of bacteria (Kumar
and Pandey 2013). The diameters of zones of
inhibition were measured according to Uddin et
al. (2007). Agar well combined with disc
diffusion showed that, K. africana fruits and
barks contain flavonoids with significant
antibacterial activities. The flavonoids isolated
using ethyl acetate and ethanol (Table 5)
showed zones of inhibition ranging from 0 to
22 mm. It is clear from the results that, K.
africana fruits and barks contain flavonoids
that exhibit antibacterial activities which are
comparable to that of mupirocin, a topical
antibacterial agent cream wused to treat
infections on diabetic ulcers. The flavonoid
separating at Rf 0.93 showed the best results.
Table 6 shows that 99.9% ethanol and water do
not exhibit significant antibacterial activity
implying that any antibacterial activity
observed is due to the extracted flavonoids.

Quantitation of flavonoids

The present study showed the presence of
flavonoids in the extracts of K. africana as
there was an absorbance at 426 nm which was
comparable to that of quercetin (Figure 3). The
UV-Vis  spectrophotometric  analyses  of
flavonoids are based on the formation of
complexes between aluminium cations from
aluminium chloride and the hydroxyl groups of
the flavonoids (Popova et al. 2004).
Interferences from other phytochemicals are
reduced when complexes with bathochromic
effect are formed as a result of the dative bonds
formation between aluminium cations and the
flavonoids (Silva et al. 2009). The results from
Table 3 showed that the ethanol extract
contained flavonoids at concentrations of
213.49 + 0.001 mg/L, whilst the ethyl acetate
extract flavonoid concentrations were 36.614 +
0.001 mg/L. The intensity of the yellow colour
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of the complex, flavonoid-AI**  was
proportional to the flavonoid concentration in
the sample. Quercetin was used as the standard
in this study hence the results obtained were
total flavonoids expressed per quercetin
equivalent.

Conclusion

The findings from the present study show that
K. africana fruit and bark extracts consist of
flavonoids with significant antibacterial and
antiradical activities. The flavonoids with
greater activity were extracted with ethanol.
Thus, the results support the use of K. africana
fruit and bark powders and water infusions in
herbal management of wounds and diabetic
ulcers by the local people. The results also
show that K. africana fruit and bark powder
flavonoids are good candidates for polyherbal
formulations of topical creams for diabetic
ulcers.
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