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ABSTRACT

Objective: To determine suitable phytochemical extraction solvents, screen for phyto-
chemicals, determine the total phenol and flavonoid contents and the antioxidant activities of
different solvent extracts of Kirkia wilmsii (K. wilmsii), an ethnomedicine in South Africa.
Methods: Extractionswere performed fromdried tubers of theK.wilmsiiplant, using several
solvents and varying extraction times. Extract yields were determined and suitable extraction
solvents were selected. Total phenol and flavonoid contents of the extracts were determined
spectrophotometrically using gallic acid and quercetin as standards. The free radical scav-
enging activity of the extracts was investigated using 1,1-diphenyl-2-picrylhydrazyl radical.
Results: Phytochemical screening confirmed the presence of phenolics, flavonoids, terpe-
noids, tannins, cardenolide deoxy sugars and reducing sugars.Of the 12 solvent extracts used,
six gave yields higher than 5%, while the other six gave yields less than 1%. The highest
extract yield of 52.9%was obtained using 80%methanol while the lowest yield of 7.3%was
obtained using ethanol at 60 min. The 80% methanol, methanol/chloroform/water (12:5:3)
and 60% methanol extracts were significantly higher than those of ethanol, methanol and
water (P < 0.05). Total phenolic content recorded extracts ranged from (45.32 ± 0.50) to
(122.84 ± 0.31) mg gallic acid equivalent per gram. A maximum total flavonoid content of
(917.02 ± 0.10) mg quercetin equivalent per gram and a minimum of (206.26 ± 0.10) mg
quercetin equivalent per gram were recorded for methanol and water, respectively. The
flavonoid content for methanol was significantly higher than all the other extracts (P< 0.05).
The scavenging profiles ofK. wilmsii extracts were significantly lower (P< 0.05) than that of
ascorbic acid and IC50 values ranged from 129.94 mg/mL for methanol to 225.04 mg/mL for
water. An IC50 value of 56.52 mg/mL was obtained with ascorbic acid.
Conclusions: Ethanol, methanol, methanol/chloroform/water, 80% methanol, 60%
methanol and water can be used as suitable phytochemical extraction solvents for
K. wilmsii tubers. Total phenolic content and total flavonoid content analysis proved the
presence of high levels of phenolic compounds as well as flavonoids. The presence of
phenols and flavonoid could be responsible for the radical scavenging activities observed.
1. Introduction

Secondary metabolites are produced by plants mainly as
products of primary metabolism and as part of the defence
mechanisms of plants. Phytochemicals such as, alkaloids, tan-
nins and flavonoids are examples of secondary metabolites
produced by plants, from which the plants are thought to get
their healing properties [1]. Phenolic compounds have been
associated with antioxidant activity due to their free radical
scavenging activities [2,3].

Common names of Kirkia wilmsii (K. wilmsii) are wild
pepper or Mountain Seringa (English) and Legaba or Modumela
(Northern Sotho) [4]. The K. wilmsii belongs to the Sapindales
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family [5]. This family (Kirkiaceae) includes a wide range of
small to medium sized trees, mainly found in eastern tropical
Africa, Madagascar and South Africa. This tree is one of the
plants that have underground storage organs (such as
rhizomes, tubers, corms, bulbs and caudex) [6].

The K. wilmsii tuber is used by the Bapedi people in Leb-
owakgomo district located in the Limpopo Province, South Africa
for the treatment of various ailments. The local people believe that
chewing it regularly helps to maintain general good health.

Studies on the leaves have shown that the leaves of the tree have
antiplasmodial properties [7]. Studies conducted on leaf extracts
have shown antimicrobial activity against Staphylococcus aureus
(S. aureus), Enterococcus faecal, Escherichia coli (E. coli),
Pseudomonas aeruginosa, Sporothrix schenckii, Microsporum
canis, Cryptococcus neoformans and Candida albicans [8]. The
leaves further showed biological activity against the animal
fungal pathogen Aspergillus fumigatus.

Extracts of the dried and powdered bark of the K. wilmsii
were found to contain secondary metabolites, lignans, iso-
coumarins and flavonoids [9]. Ethnobotanical surveys have
recorded that K. wilmsii tubers are traditionally used in the
treatment of diabetes mellitus [4] and hypertension [10].
Antimicrobial activity against Shigella dysenteriae, Aeromonas
hydrophila, Salmonella thyphii, Proteus mirabilis, E. coli and
S. aureus was recorded [11].

The presence of an excess of oxygen in the human body has
some negative effects as it can trigger radical chain reactions in the
presence of reactive species. This can cause health problems, such
as aging and cell destruction [12]. Antioxidants have been found to
be the solution to this problem as they interrupt these chain
reactions to form radicals that can easily be removed from the
human body, thereby generally improving health, assisting cell
rejuvenation, cancer prevention and cardiovascular diseases
prevention [13]. Thus it is important to investigate the antioxidant
potential of K. wilmsii.

A considerable number of publications have been reported on
the phytochemistry of leaves and the bark of K. wilmsii [5,7–9,14].
Limited studies on the tuber have been directed at the evaluation
of its traditional medicinal applications [4,10]. No reports are
available on the phytochemical analysis and antioxidant
activities of the tubers of K. wilmsii. The study was therefore
aimed at determining suitable solvents for extraction of
phytochemicals, phytochemical screening and quantitative
analysis of total phenols, flavonoids and antioxidant activity of
K. wilmsii tubers. Our results provide a basis for future studies
on isolation, identification and characterization of active
compounds with potential applications in drug development.

2. Materials and methods

2.1. Plant materials

The tubers ofK.wilmsiiwere collected from theLebowakgomo
Region in Polokwane District between November 2015 and July
2016, which is situated in the Limpopo Province of South Africa.
The plant name was identified by the Department of Botany at the
University of Venda and the name was further confirmed by the
National Herbarium (Voucher number MPT00112) in Pretoria,
South Africa. The plant name has been checked with www.
theplantlist.org and has been reported as an accepted name (re-
cord 29400130), website accessed 28 November 2015.
2.2. Sample preparation and extraction

Only the tuber of K. wilmsii tree was used in the study. The
tubers are covered with a bark which was removed from the
tubers as the indigenous people remove the bark from the tubers
before eating them. The peeled tubers were washed with
deionised water (Milli-Q Millipore, 0.054 mS/cm) to remove soil
and dirt. The tuber was cut into small pieces using an ordinary
kitchen knife and dried at ambient temperature (± 30 �C in
Thohoyandou) in the laboratory for 5 days. After drying, the
plant was ground to a fine powder using a Retsch Muhle
grinding mill.

The extraction process was performed by adding 25 mL
of each extraction solvent to the weighed portions (2 g) of dried
powder in stoppered volumetric flasks and extraction performed
by sonicating in an Integral Systems ultrasonic bath for the pre-
scribed extraction times below. Extractionwas performedwith the
required solvent for the required length of time. The extraction
times were 15, 30 and 60min [15]. The solvents used were ethanol,
methanol, methanol/chloroform/water (MCW), 80% methanol,
60% methanol, water, dichloromethane, chloroform, acetone,
hexane, diethyl ether, ethyl acetate [16].

For the extracts with the yields higher than 5%, i.e. ethanol,
methanol, MCW, 80% methanol, 60% methanol and water,
further extractions were performed in triplicate.

In all cases the filtrate was evaporated to dryness using the
Vacutex Flexi-dry mp freeze drier. The freeze dried extracts were
kept in a deep freezer at −20 �C for storage.

2.3. Phytochemical screening tests

Phytochemical screening tests were performed according to
standardised recent methods as described in literature [1,2,17–20].
Various solvent extracts of K. wilmsii were used to screen for
phenolics and flavonoids [1,20], steroids and terpenoids [18,20],
saponins [20], cardiac glycosides [20], cardenolide deoxy sugars
[20], tannins [2], phlobatannins [2], anthraquinone glycosides
[17] and reducing sugars [19].

2.4. Total phenolic content

A modified method for the determination of total phenolic
content was carried out using modification of the method
cited by Sahu and Saxena [21]. Gallic acid standard solutions
were prepared in methanol to give the following final
concentrations; 20.00, 40.00, 60.00, 80.00, and 100.00 mg/
mL. Each plant extract was dissolved in methanol to give a
final concentration of 1.0 mg/mL and 0.5 mL of each sample
and standards were introduced into different test tubes and
mixed with 2.5 mL of a 10-fold dilute Folin-Ciocalteu re-
agent and 2 mL of 7.5% sodium carbonate were added. The
test tubes were covered with parafilm and allowed to stand for
30 min at room temperature before the absorbance was read at
760 nm. The results of the total phenolics were expressed as
mg of gallic acid equivalents (GAE) per gram of sample and
calculated by the formula [22]:

TPC = (C × V)/M

where, TPC is total phenolic content (mg/g plant extract in
GAE), C is concentration of gallic acid established from the
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Table 1

Phytochemical screening test results.

Test Extract

Water Methanol Acetone Ether Ethyl
acetate

Chloroform

Phenolics + + + − + −

Flavonoids
(Alkaline test)

+ + + − + −

Flavonoids
(Lead acetate)

+ + + − + −

Terpenoids − − − − − +
Saponins − − − − − −

Cardiac
glycosides

− − − − − −

Cardenolide
deoxy sugar

− + + − − −

Tannins + + + − − −

Phlobatannins − − − − − −

Anthraquinone
glycosides

− − − − − −

Reducing sugars + + + − − −

Solvents used for extraction
15 min 30 min 60 min
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Figure 1. Effect of varying extraction time and extraction solvent on
extract yield of K. wilmsii.
A: Methanol; B: Ethanol; C: Dichloromethane; D: Chloroform; E: Acetone;
F: MCW; G: 80% Methanol; H: 60% Methanol; I: Water; J: Hexane; K:
Diethyl ether; L: Ethyl acetate.
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calibration curve (mg/mL), V is volume of the extract (mL), M is
mass of the extract of the plant (g).

2.5. Total flavonoid content

Total flavonoid content was estimated using standard methods
with minor modifications [21,23] using quercetin as a standard. The
standard solutions with the following final concentrations were
prepared; 50, 100, 150, 200 and 250 mg/mL. One milliliter of
each standard solution and extract solutions was taken into
10 mL volumetric flask, containing 4 mL of deionised water.
Then 0.3 mL of 10% AlCl3 was added to the mixture. At the 6th
min, 2 mL of NaOH (1 mol/L) was added and volume made up
to 10 mL with distilled water. The absorbance was read at
510 nm using Beckman Coulter DU 650i UV–vis
spectrophotometer. The results of the total flavonoids were
expressed as quercetin equivalents (QE).

2.6. Antioxidant activity

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity of the different plant extracts were compared by
adapting the procedure reported by Iqbal et al. and Sahu et al.
[17,24]. Each extract was dissolved in an appropriate volume of
methanol to give final concentrations ranging from 10.00 to
250.00 mg/mL. Standard ascorbic acid solutions were also
prepared in methanol to give the same concentration range.
Two milliliter of each solution was transferred to a test tube
and mixed with 4 mL of 0.3 mmol/L DPPH. A control
solution was prepared by adding methanol (2 mL) to
0.3 mmol/L DPPH (4 mL). The experiment was run in
triplicate. The solutions were mixed well and left in the dark
for 30 min. After 30 min the solutions were analyzed on a
UV–vis spectrophotometer at 517 nm. The percentage of
antioxidant potential was calculated using the formula:

% Inhibition =
Ac −As

Ac
× 100

where, Ac is absorbance of the control solution, As is absorbance
of the sample or standard.

2.7. Statistical analysis

Means of triplicate analysis were calculated and data was
expressed as mean ± SD. Post hoc ANOVA statistical analysis
was performed using SPSS 22 software for comparison between
two or more treatments. A difference was considered to be
statistically significant when P < 0.05.
3. Results

3.1. Phytochemical screening

The phytochemical screening tests of the tuber revealed the
presence of phenolics, flavonoids, terpenoids, tannins, carde-
nolide deoxy sugars and reducing sugars (Table 1).

3.2. Solvent extraction

The highest extract yield (52.9%)was obtained from extraction
with 80% methanol (Figure 1). This result was not significantly
different from 48.2% to 46.9% extract yields for MCW and 60%
methanol, respectively (P > 0.05). The results for ethanol (7.3%),
water (20.9%) andmethanol (36.6%)were significantly lower than
the above mentioned results. An increase in the extraction time
also showed a significant increase in the % yield obtained
(P < 0.05). We conclude that 80% methanol is the best solvent to
use for extraction as the extracts are more soluble in polar solvents
and 80% methanol has more polar organic properties.

3.3. Total phenolic content

The total phenolic contents of K. wilmsii extracts ranged from
45.32 to 122.84 mg GAE/g from water and methanol extracts,
respectively (Table 2). Pure methanol produced extracts with the
highest levels of total phenolics. The content is significantly
higher than the phenolic contents of all the other solvents used
(P < 0.05). No significant differences were recorded in the total
phenolic contents of ethanol, 80% methanol, MCW, 60%
methanol and water (P > 0.05).



Table 3

IC50 values for the extracts as well as ascorbic acid.

Extract IC50 (mg/g)

Ethanol 204.78 ± 1.51a

Methanol 129.94 ± 0.20b

MCW 172.44 ± 0.62c

80% Methanol 194.62 ± 1.00d

60% Methanol 167.27 ± 0.57c

Water 225.04 ± 0.72e

Ascorbic acid 56.52 ± 0.07f

All extracts with different superscripts are statistically different
(P < 0.05).
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3.4. Total flavonoid content

The total flavonoid contents of K. wilmsii were recorded
ranging from 206.26 mg QE/g to 917.02 mg QE/g from the
water extract and the methanol extract, respectively. The meth-
anol extract exhibited a total flavonoid content that is signifi-
cantly higher than the rest of the extractants (P < 0.05). The
flavonoid contents of the rest of the solvents are also signifi-
cantly different (P < 0.05) from each other except for ethanol,
60% methanol and water extracts whose flavonoid contents are
not significantly different (Table 2).

The total flavonoid content for the methanol extract was very
high (917 mg/g) and the other extracts exhibited results ranging
from 200 to 450 mg/g.
Table 2

Total phenolic content and total flavonoid content of the different extracts

of K. wilmsii.

Extract Total phenolic
content GAE (mg/g)

Total flavonoid
content QE (mg/g)

Ethanol 58.98 ± 0.45a 256.95 ± 0.45c

Methanol 122.84 ± 0.31b 917.02 ± 0.10d

MCW 69.34 ± 0.91a 437.64 ± 0.17e

80% Methanol 57.16 ± 0.47a 351.37 ± 0.06f

60% Methanol 62.05 ± 0.30a 262.49 ± 0.25c

Water 45.32 ± 0.50a 206.26 ± 0.10c

Results with different superscripts are significantly different from each
other (P < 0.05).
3.5. DPPH free radical scavenging activity

The scavenging profiles of the extracts and ascorbic acid are
shown in Figure 2, from which it can be observed that all the
extracts possess radical scavenging potential. Methanol proved
to be the most active of the extracts while the water extract was
the least.
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Figure 2. Percentage inhibition of the various extracts on DPPH.
The IC50 values of all our extracts are significantly different
from each other (P < 0.05) except for MCW and 60% methanol
which are not significantly different (Table 3). Therefore, the
IC50 value for the methanol extract is significantly lower than all
the other values. The best activity was recorded by the methanol
extract with an IC50 value of 129.94 mg/mL while the water
extract gave the lowest IC50 around 225.04 mg/mL.
4. Discussion

4.1. Phytochemical screening

Compounds such as cardenolides, flavonoids, resins, sapo-
nins and tannins have been shown to have healing properties
against most disease causing organisms [20,25]. These properties
include antioxidant activity, anti-allergic, anti-inflammatory and
many others. In our earlier research, water extracts of K. wilmsii
tuber were found to be active against Shigella dysenteriae,
Aeromonas hydrophila, Salmonella thyphii, Proteus mirabilis,
E. coli and S. aureus [11].

The methanol, water and acetone extracts yielded positive
results for many groups of compounds in the phytochemical
screening tests. These results are consistent with other reported
results, where methanol extracts tested positive for the highest
number of different classes of phytochemicals in Bauhinia
variegata L. bark [26] as well as in tests on the extracts from
Anamirta cocculus seeds [27]. Further, the root and bark of
Eurycoma longifolia also showed that the methanol, ethyl
acetate and chloroform extracts were good sources of different
classes of compounds [20]. However, the methanol and ethanol
extracts of Strychnos minor Dennst leaves gave poor results
[2]. Further the extracts gave different results with methanol,
ethyl acetate and chloroform extracts testing positive for
phenolics, flavonoids, terpenoids, alkaloids, proteins and
cardiac glycosides in the study done on root and stem extracts
of wild Eurycoma longifolia Jack by Zakia et al. [20]. Our
ethyl acetate and chloroform extracts tested negative for most
groups of compounds. The ether extract proved negative for
all the tests conducted.

We therefore conclude that water, methanol and acetone or
their combinations would give good extraction yields that can be
used for the phytochemical screening of K. wilmsii.

4.2. Solvent extraction

Since biologically active compounds occur naturally in very
small concentrations, the choice of an extraction method and the
corresponding suitable solvent is an important step in the drug
discovery process.

Solvents with a wide range of polarity were used for the
extraction. The results suggest that polar solvents gave better
extraction yields [28], which is true in our study.

Therefore, the K. wilmsii tuber secondary metabolites can be
extracted with polar protic solvents with high yields ranging from
7.3% to 52.9%. Non polar solvents, such as, hexane, ether pro-
duced very small amounts of extracts, less than 1%. This
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observation is also supported by results obtained from the
extraction from Paramignya trimera root where the polar protic
solvents, methanol and water, gave the best extraction yields [29].

Extraction with a MCW combined solvent also produced a
significantly high yield (48.2%), consistent with other research
work using the same solvent [16]. However, we reported a
slightly higher extract yield of 48.2% as compared to 45% and
35% extraction yields for Anthocleista grandiflora and
Combretum erythrophyllum leaves reported by Eloff [16].
However, the MCW combination tended to separate into
different phases as chloroform and water are immiscible.

Therefore, addition of water to methanol proved that the
extraction efficiency can be increased significantly as the
extraction yields obtained with 80% methanol (52.9% yield) and
60% methanol (46.9% yield) were much higher than the yield
obtained from the use of pure methanol (36.6% yield). This
observation is consistent with other reported results [30,31], as the
water tends to increase the polarity of the extractant.

4.3. Total phenolic content

The total phenolic content results obtained in our study are
higher than the results reported by Dhanani et al. [32], who
reported a maximum of 30 mg GAE/g for Withania somnifera
roots extracted with ethanol, 10% ethanol and water [32]. Some
other researchers reported total phenolic content values
between 100 and 150 mg GAE/g, with the methanol and
acetone extracts of the leaves, stem and flowers of Thermopsis
turcica [33]. These values are generally higher than our results
and only our methanol extract matches these values. Our
methanol extract compares well with these phenolic contents.

The other solvents produced extracts whose total phenolic
contents is similar to those reported in literature, from the ex-
tracts of Goniothalamus velutinus (G. velutinus) whose bark
extract gave 68 GAE mg/g and the leaves 78 GAE mg/g [17].
G. velutinus is reported to have antitumor and anticancer
properties. The water extracts of Hedychium spicatum,
Hedychium coronarium and Hedychium rubrum were found to
be 30, 35 and 67 GAE mg/g [21]. However, our results are
much lower than total phenolic contents recorded for the
resurrection plant Myrothamnus flabellifolius water, ethanol
and methanol extracts (all 400 mg GAE/g) [34]. Stanojevi�c
et al. [35] also reported much higher total phenolic contents of
250 mg GAE/g when Hieracium pilosella water, ethanol and
methanol extracts were tested.

Phenolic contents ranging 90–260 mg GAE/g were recorded
with three species of Curcuma methanol extracts [21]. All these
results are also higher than our reported results except for our
methanol extract. Curcuma species are used for the treatment
of asthma tumors and also as antifungal.

Total phenolic content is an important factor in the consider-
ation of antioxidant activity. Therefore, the higher the value of
phenolic content, themore beneficial the extract is to human health
as they can quench reactive free radicals or primary oxidants.

4.4. Total flavonoid content

The methanol extract's flavonoid content matches the very
high flavonoid contents values obtained with wheat methanol
extracts ranging from 791.3 to 987.7 mg QE/g [36]. All our other
results are comparable to the results reported with the hexane,
chloroform, ethyl acetate, butanol, methanol and water extracts
of Azadirachta indica with results ranging from 63 mg QE/g
to 529.5 mg QE/g [37]. In their work, all the other results are
above 350 mg QE/g except for the butanol extract. Research
has proven that flavonoids are important in the fight against
diseases and can also act as antioxidants depending on their
structure [17]. Coupled with phenols, flavonoids have been
reported to have high antioxidant activity [2]. Therefore, these
high total phenolic content results could mean the abundance
of possible compounds of pharmaceutical importance. Other
published results are very low, pigeon pea extracts gave
flavonoid contents ranging from 0.16 to 1.58 mg QE/g [38],
and from 20 to 80 mg QE/g content for Curcuma extracts [21],
79.13–82.18 mg QE/g for Hieracium pilosella [35]. Further
work is necessary to determine the flavonoid types, biological,
anti-inflammatory activity, antimicrobial and anticancer activ-
ities of K. wilmsii.

4.5. DPPH free radical scavenging activity

Antioxidant agents with high scavenging activity should
have a low IC50 value [39]. This is supported by the lowest value
being exhibited by ascorbic acid, a well-known antioxidant. The
IC50 results obtained are significantly higher than that of
ascorbic acid (56 mg/mL). This is to be expected as crude ex-
tracts were used before purification. Results for purified extracts
are expected to be much more closely related to those of
ascorbic acid.

The methanol IC50 (130 mg/mL) result is comparable to that
obtained from 90% ethanol Cyclocarya paliurus extracts
(146 mg/mL) [31]. Furthermore, this observation closely relates to
results obtained by Alkhawalisy and Hossain [40], where they
reported that they recorded the highest antioxidant activity
with methanol extracts. However, the concentration of the
DDPH concentration used in our study is higher (0.3 mmol/L)
as compared to 0.1 mmol/L used by Xie et al. [31].

Other IC50 results from Pistacia atlantica subsp. mutica ex-
tracts yielded IC50 values ranging from 0.6 to 1105.3 mg/mL [1],
with protic polar solvents giving higher activity, which is
consistent with our work. The major differences observed can
be attributed to the very low concentration of DPPH used by
Rezaie et al. [3].

Our results are also comparable to IC50 values of 155 and
204 mg/mL from the leaves and bark respectively of the extracts
of G. velutinus [17].

An extract is considered to be active against free radicals if
IC50 < 5 mg/mL [41]. All our extracts have IC50 values less than
5 mg/mL, therefore all the extracts for the solvents used are a
possible good source of antioxidants. There is a positive
correlation between the IC50, total phenolic content and total
flavonoid content (r = 0.853 for IC50 and total flavonoid
content and r = 0.899 for IC50 and total phenolic content).
Furthermore, there is also a very high correlation between
total flavonoid content and total phenolic content (r = 0.98).

The phytochemical screening and solvent extraction analysis
give a good guide of the phytochemicals present in the extracts as
well as suitable extraction solvents. And 80% methanol is the best
solvent to use for extraction as the extracts aremore soluble in polar
solvents and 80% methanol has more polar organic properties.

Successive extractions proved that yields can be considerably
increased by performing short repetitive extractions.
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Total phenolic content and total flavonoid content analysis
proved the presence of high levels of phenolic compounds as
well as flavonoids. In comparison to other ethno-medicines
studied, the flavonoid content was particularly high for
K. wilmsii. The results are consistent with the antioxidant ac-
tivity produced by the extracts. Positive correlations between
IC50, total phenolic content and total flavonoid contents show
that the antioxidant activity is caused by the presence of
phenolic compounds and flavonoids.

Further studies would involve antimicrobial and anti-
inflammatory activity tests, chemical properties tests, separa-
tion and identification of individual components.
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