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Abstract
The study aimed at evaluating the phytochemical composition, antioxidant potentials and the levels of trace elements in the fruit
extract ofKigelia africana obtained by different extraction solvents in order to ascertain its numerous pharmacological activities and
identify the different chemical compounds responsible for these activities. The crude extract in ethanol and four other solvent
fractions (hexane, ethylacetate, butanol and aqueous) were obtained for phytochemical screening. Antioxidant potentials of K.
africana fruit were investigated spectrophotometrically using hydroxyl ion scavenging (OH−) activity, metal ion chelating activity,
anti-lipid peroxidation activity as well as total antioxidant capacity assays. Trace element (Mn, Zn, Cd, Ni, Cu, Pb, Cr, Co and Fe)
levels were measured using a plasma-emission spectrometer that has an auto sampler AS 93-plus and coupled with Nebulizer
CETAC U-6000AT+ after microwave acid digestion of the fruit extracts. Chemical identification was performed using ultra-high-
pressure liquid chromatography-quadrupole time-of-flight tandem mass spectrometry (UHPLC-qTOF-MS2). Kigelia africana fruit
extracts obtained showed a variety of bioactive phytochemical compounds including phenolic acids, flavonoids, saponins, tannins
and glycosides. The total antioxidant capacity activities of the aqueous, butanol, ethanol, hexane and ethylacetate extracts are 15.04,
52.11, 44.95, 79.27 and 175.20 mg AAE/g. Metal ion chelating activity showed significant correlation with lipid peroxidation
inhibition activity at p ≤ 0.01 and with OH− scavenging activity at p ≤ 0.05. PCA analysis revealed that all the extract/fractions have
higher total antioxidant activities compared to aqueous extract with hexane extract exhibiting the highest radical scavenging
potential. HCA showed similarities with three well-defined clusters and PLS regression was used to predict total antioxidant activity.
High sensitivity by low values of limits of detection and quantification was observed ranging from 0.021 to 0.085 mg/ml and 0.063
to 0.258mg/ml for Zn and Fe respectively. Ethylacetate extract had high concentration of Fe (0.5656mg/kg). For the standardization
of the K. africana fruit extract, 244 chemical compounds were identified by measuring m/z values with threshold override of
100,000 and analysing mass spectrometer fragmentation behaviour while 16 of these were confirmed. Kigelia africana fruit extract
is a good source of antioxidant and possess maximum accepted concentration of trace elements according to European legislation
(1881/2006/EC). The metabolites identified exhibited numerous pharmacological activities. The method and results suggest the
applicability for commercial use of this K. africana fruit in the treatment of oxidative-related diseases.

Keywords Free radicals . Phytochemicals . Antioxidant . Kigelia africana . Trace elements . Reactive oxygen species .

ICP-OES . UHPLC-qTOF-MS2
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Introduction

Free radicals are ionised particles found in the body, which
belong to a group of reactive oxygen species (ROS) [1]. They
are mostly highly reactive, short lived, unstable and havemore
than one unpaired electron at their outer most orbit [2].
Previous researchers established that ROS as well as reactive
nitrogen species (RNS) acts as mediators of many signalling
pathways with their involvement in reproduction, growth and
development, nutrition as well as defensive responses against
human and environmental factors [3]. It is well accepted that
these species such as peroxides (H2O2

−), singlet oxygen (O−)
and alpha oxygen (α-O) formed from either oxygen atom
abstraction in vivo are very reactive chemical species which
can be generated endogenically as well as exogenically [4].
Production of excess ROS and RNS leads to oxidative shift
with a consequent effect on lipids, proteins and DNA respec-
tively [5–7], and this causes a number of diseases and early
ageing. Oxidative shift resulting in oxidative stress appears
from excessive accumulation of free radicals more than anti-
oxidant resistance found in the body [8, 9]. The body can mob
up free radicals normally, but if antioxidants and trace ele-
ments (which contribute to antioxidant activities) are insuffi-
cient or if the free radical production is produced abundantly,
it can damage good molecules of the body.

The antioxidants in some plants play a crucial role in
fending off diseases caused by free radicals [10].
Antioxidants protect many chemicals of the body from de-
structive oxidation reactions by complexing with free radicals
arising from these reactive species in the body, thereby hin-
dering oxidation. Trace elements are requisite to normal func-
tioning of the human constancy and when found in unusual
expression, they give rise to many pathological disorders [11].
The human body requires a variety of essential trace elements
to support biological processes such as electron transfer reac-
tions in the mitochondria or the transportation of gas mole-
cules across cells [12]. Deficiency associated with increased
or low levels of essential minerals leads to various disorders.
Hemochromatosis as well as Wilson’s disease is as a result of
elevatedminerals such as copper and iron in the body [13, 14].
Determination of the levels of trace elements from plant-based
extracts via analytical techniques is mainly by atomic absorp-
tion spectrometry but limited to single element detection [15].
Newer analytical techniques through the use of inductively
coupled plasma (ICP) are available which could be coupled
to optical emission spectrometer known as ICP-OES or
coupled to time-of-flight mass spectrometer known as ICP-
MS. These have the advantages of accurate readings as well
as high samples turnout with a wide working range method-
ology as a result of their multi-element determination [15].

The importance of these macro- and micro-nutrients and
their roles in biological cellular signalling and physiological

constancy has become evident in recent years [16, 17], due to
the accumulation, over a long period of time, of high levels of
potentially toxic element in human body consequently respon-
sible for different diseases [18]. Therefore, trace element ref-
erence values’ formulation is indispensably the prerequisite
for the assessment of the health status as well as the cost-
effectiveness analysis [19]. Some medicinal plants contain a
variety of phytochemicals that can have high antioxidant ac-
tivity. Compounds which are accountable for reducing oxida-
tive stress could be extracted from plants and then used for
development of drugs for the better management of several
metabolic diseases. This present study aimed at measuring
pharmacological parameters in the fruit extracts of a medicinal
plant called Kigelia africana. The plant belongs to the family
‘Bignoniaceae’, known as the sausage tree and widely spread
across South, Central and West Africa. It is found in wet
savannah and riverine areas. Its uniqueness is found in the
long, woody and sausage-like fruits with long cord-like stalks
[20–23]. Traditional remedies prepared from ripe or unripe
fruits when crushed, dried and powdered are used to deal with
dermal complaints such as ulcers, venereal diseases, acne and
septic sores [24–27].

It is reported that extracts from various parts of Kigelia
africana plant showed antibacterial [28, 29], antimicrobial
[30, 31] and antifungal [28] properties. The stem bark, root
and leaves of Kigelia africana have been widely analysed for
pharmacological activities, yet the understanding of its fruit is
limited in its pharmacological parameters while extensive use
as traditional remedies has been validated. The study therefore
evaluated the antioxidant activity, screened the phytochemi-
cals, measured the levels of trace elements and identified var-
ious chemical compounds potentially present in the fruit ex-
tracts of Kigelia africana plant.

Materials and Methods

Collection and Identification of Kigelia africana Fruit

Kigelia africana fruits were collected from Ayegunle-Ekiti,
Ekiti State, Nigeria (7° 50′ 42.0′′ N, 5° 06′ 36.0′′ E). The
authentication was done at the herbarium laboratory of the
Department of Botany, Obafemi Awolowo University. These
fruits were air-dried, then grounded into powder with impact
mill at the DPPU research unit of the Faculty of Pharmacy,
Obafemi Awolowo University, Nigeria.

Solvent Extraction of Kigelia africana Fruit

The powdered samples (1 kg) were steeped in 70% ethanol for
72 h. Theywere afterwards filtered with a layered cheese cloth
and subsequently with filter paper (Whatman No. 1) and
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thereafter concentrated to dryness in vacuum at 40 °C via a
rotary evaporator (BUCHI Rotavapor R-210) and freeze-dried
using Labconco free zone 1 L Freeze Dryer System at
Department of Chemistry, University of South Africa
(UNISA). The ethanolic extract was dissolved in distilled wa-
ter and the filtrate was partitioned sequentially according to
their polarity in hexane, followed by ethylacetate and then
butanol with the aid of a separating funnel. The filtrate was
vigorously shaken in the funnel and carefully separated after it
had cooled down. The fractions were concentrated and freeze-
dried separately using the method stated above. The fractions
and residue were dried with a freeze drier system, weighed,
labelled, and kept at room temperature for further analyses.

Chemicals

Acetonitrile (analytical grade for HPLC), formic acid, iodo-
potassium iodide, ascorbic acid, ethylenediamine tetra-acetic
acid (EDTA), 2-thiobarbituric acid (TBA), 2-deoxyribose, tri-
chloroacetic acid (TCAA), butan-1-ol, ferrozine and sodium
dodecyl sulphate (SDS) were procured from Sigma Chemical
Company, USA. Hydrogen peroxide, ammonium molybdate,
sodium hydroxide, nitric, sulphuric and hydrochloric acids
were purchased from BDH Chemical Ltd., UK. Other avail-
able chemicals were of analytical grade and of purest quality.

Phytochemical Screening

The screening of the phytochemicals of the ethanolic (crude)
extract as well as the fractions was done by the standard pro-
cedures of Abulude et al. [32] and Abulude [33] and described
as follows:

Alkaloids Test

One (1) ml of concentrated sulphuric acid (H2SO4) was mixed
with 3 ml of the K. africana fruit extract as well as fractions
then followed by the addition of a few drops of iodo-
potassium iodide (Wagner reagent) to give a reddish-brown
precipitate indicating a positive test.

Alkaline Method for the Test of Flavonoids

Ten millilitres of ethylacetate and 2 ml of Kigelia africana
fruit extract (and fractions) were heated in a water bath. A
reddish colour of ammonia layer indicated the positive test
when allowed to cool and separate.

Tannins Test

Two drops of 5% FeCl3 when mixed with 1 ml of the Kigelia
africana fruit extracts as well as fractions give a dirty green
precipitate as the positive test for tannins.

Frothing Test for Saponins

Two millilitres of Kigelia africana fruit extract as well as
different fractions were suspended in 2 ml of distilled water
and vigorously shaken in a test-tube then, noted for froth. The
tube was warmed gently at 70 °C and shaken vigorously
again. The appearance and persistence of frothing before and
after warming was noted, which indicated the positive test.

Test for Glycosides

Ten millilitres of (50%) H2SO4 mixed with 1 ml Kigelia
africana fruit extract and fractions in different test tube were
heated in a water bath and boiled for 5 min. The mixture of
Fehling solutions A and B (5 ml each) were subsequently
added and boiled to give brick red precipitate as a positive test.

Salkowski’s Sterol Test

Two millilitres of concentrated H2SO4 mixed with 2 ml of
Kigelia africana fruit extract as well as fractions to give a
red precipitate of steroidal ring indicated a positive test for
sterols.

Salkowski Test for Terpenoids

Kigelia africana fruit extract as well as fractions (0.2 g) mixed
with 3 ml of concentrated H2SO4 and 2 ml of chloroform to
give reddish brown colouration formed from the interface,
indicated a positive result.

Test for Resins

A 2.5 ml of copper suphate (CuSO4) was added to (2.5 ml)
Kigelia africana fruit extract as well as fractions. A green
colour from the resulting solution after it was shaken vigor-
ously and allowed to settle indicated a positive test.

Test for Phenols

Three millilitres ofKigelia africana extract solution (and frac-
tions) and 3 ml of FeCl3 were mixed. The presence of phenols
was confirmed from a deep bluish-green colouration from the
resulting solution.

Test for Carbohydrates

Five millilitres of mixtures of equal volumes of Fehling solu-
tions A and B was added to 2 ml of Kigelia africana fruit
extract (as well as fractions) in a test tube. The resulting solu-
tionwas then boiled for 2 min. A brick-red precipitate which is
from copper oxide indicated a positive test.
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Test for Phlobatannins

Five millilitres of distilled water was added to 5 ml of Kigelia
africana fruit extract solution (as well as fractions) and boiled
for 2 min with 1%HCl to give a deep colour as a positive test.

Antioxidant Activity Assays

Determination of Lipid Peroxidation Inhibition Activity

The assay of lipid peroxidation inhibition activity was carried
out according to the reaction of method of thiobarbituric acid
by Yoshiuki et al. [34] and later described byMasao et al. [35]
with somemodifications. The assay is based on the reaction of
malondialdehyde (MDA) (an end-product of lipid peroxida-
tion), with thiobarbituric acid (TBA) to produce a red adduct
with ascorbic acid as positive control. Ten percent (10%) of
Kigelia africana extract (0.25 ml) was added to 0.1 ml of
150 mM Tris-Cl buffer with pH 7.2, 0.05 ml of 1% (w/v)
ascorbic acid, 0.05 ml of 0.07 M FeSO4. Other aliquots at
0.5 ml, 0.75 ml and 1 ml were added as described above.
The resulting solution was incubated at 37 °C for 1 h.
Afterwards, 0.5 ml of (0.1 N) HCl, 0.2 ml of (9.8%) SDS,
0.9 ml of deionized water and 2.0 ml of (0.67%) thiobarbituric
acid were added sequentially to the resulting mixtures. This
was then heated in boiling water at 100 °C for 30 min and
cooled before adding 2 ml of butan-1-ol and centrifuged at
3000 rpm for 10 min to form a layer. The supernatant was
collected in a test tube and measured against the reagent blank
at 532 nm. The percentage lipid peroxidation inhibition was
estimated using the formula;

Rate of inhibition %ð Þ ¼ a−b
a

� 100;

where a =malondialdehyde produced by Fenton reaction pro-
duced without extract (control) and b =MDA produced by
Fenton reaction produced in the presence of extract.

Determination of Chelating Activity of Metals

The FIC assay was carried out to evaluate the chelating effects
of Kigelia africana fruit extracts on ferrous ion based on the
method of Singh and Rajini [36] with little modifications. One
important mechanism of action of secondary antioxidants is to
chelate pro-oxidant metals. Briefly, 2- and 5-mM solutions of
FeCl2·4H2O and ferrozine were diluted in ratio 1:1 respective-
ly. Then, 1 ml of different concentrations of different solvents
ofKigelia africana fruit extract was mixedwith 1 ml of FeCl2·
4H2O. A reaction was initiated by the addition of 1 ml of
ferrozine after incubating the reacting mixture above for
5 min. The resultant mixture was shaken vigorously, incubat-
ed for a further 10min and the absorbance recorded at 562 nm.

Percent inhibition of ferrozine–Fe2+ complex formation was
evaluated by the formula:

%chelating activity ¼ Acontrol − Asample
� �

= Acontrol
� �

� 100

Where Acontrol = absorbance of control sample which contains
mixture of iron (II) chloride and ferrozine to form a complex
formation and Asample = absorbance of tested samples.

Determination of OH− Scavenging Activity

The OH− scavenging activity was measured from the hydrox-
yl ion generated from the competition between deoxyribose
and the Kigelia africana extract/fractions as a result of the
complex formation from the reaction between the mixture of
Fe3+, ascorbate, EDTA and H2O2 according to the method of
Halliwell et al. [37]. The complex formation was made up of
1.0 ml of reacting mixture made up of 3.0 mM deoxyribose,
0.1 mM EDTA, 2 mM H2O2, 0.1 mM L-ascorbic acid and
0.1 mM FeCl3.6H2O in 10 mM phosphate buffer (pH 7.4)
with various concentrations of the extract/fractions ranging
from 50 to 350 μg/ml. These resulting mixtures were incubat-
ed for 1 h at 37 °C followed by adding 1.0 ml of 1% (w/v)
thiobarbituric acid in 0.25 N HCl and 1.0 ml 10% (w/v) tri-
chloroacetic acid. The mixtures were later heated at 100 °C for
20 min in a water bath to give a pink chromogen made up of
malondialdehyde-TBA adduct which was extracted into
1.0 ml of butan-1-ol. The absorbance was read at 532 nm.
The % inhibition was calculated by the formula:

%inhibition¼ Abs cð Þ–Abs sð Þ
Abs cð Þ � 100

Where abs (c) = absorbance of the control and abs (s) = absor-
bance of the samples.

Phosphomolybdenum Method of Total Antioxidant Capacity
Determination

The reduction of molybdenum (VI) to molybdenum (V)
by the Kigelia africana fruit extract and fractions follow-
ed by the formation of a green coloured phosphate/
molybdenum (V) complex served as the method described
by Prieto et al. [38] for the determination of total antiox-
idant capacity. In brief, 0.1 ml of the fruit extracts and/or
standard solutions of ascorbic acid was added to 1 ml of
reagent solution made up of 0.6 M sulphuric acid, 28 mM
sodium phosphate and 4 mM ammonium molybdate in
tubes and subsequently incubated in a water bath at
95 °C for 90 min. The mixture was cooled at room tem-
perature and the absorbance read at 695 nm. The antiox-
idant activities of the extracts were expressed as grams of
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ascorbic acid equivalents (AAE) per 100 g extract with
the formula:

TAC ¼ A cð Þ–A sð Þ
A cð Þ � 100

Where TAC = total antioxidant capacity, A(c) = absor-
bance of the control and A(s) = absorbance of the sample.

Determination of Trace Element Levels

Microwave Digestion

Analytically graded HNO3 (65%) and H2O2 (30%) from
Sigma were used for microwave acid-digestion of the
Kigelia africana extract samples. Ultrapure water from a
Milli-Q system (Millipore, France) was obtained and used
for sample dilutions. A vegetable certified reference material
from Vienna, Austria with number IAEA-359 Cabbage was
employed as the quality control during the process of metal
determination. Then, 1.0 g of Kigelia africana extract/
fractions was digested with 8 ml of HNO3 and 2 ml of H2O2

respectively in MDS-6G closed microwave digestion/
extraction system at the Department of Botany, University of
South Africa (UNISA), South Africa, as adopted from Marin
et al [15] and presented in Table 1. The resulting mixtures
were diluted after cooling to 50 ml with distilled water which
were later analysed by ICP-OES.

Determination of Trace Element Levels by ICP-OES

The levels of trace element were determined by ICP-OES from
Agilent Technologies (700 series) coupled with Ultrasonic
Nebulizer CETACU-6000AT+ fromCETAC,USA and an auto
sampler AS 93-plus at the Department of Chemistry (Organic
Laboratory), University of South Africa (UNISA), SouthAfrica.
Argon (purity > 99.995%) was employed to sustain plasma as
well as carrier gas. A multi-elemental standard solution of
1000 mg L−1 containing all analysed elements (Zn, Cu, Ni,
Co, Fe, Mn, Cr, Pb and Cd) from sigma was used to calibrate.

Operating conditions of 1300 W RF power, 15 L min−1 plasma
gas flow, 2 Lmin−1 auxiliary gas flow, 0.8 Lmin−1 nebulizer gas
flow and 1.5 ml min−1 sample uptake rate were used for the
determination. Axial view, two-point background correction
and three replicates were used to measure the analytical signal.
Most sensitive lines free of spectral interference had emission
intensities. Dilution of the stock multi-elemental standard solu-
tion of 1000 mg L−1 in 0.5% (v/v) HNO3 gave calibration stan-
dards and calibration curves for all the elements range from 0.01
to 1.0 mg L−1.

Chemical Profiling Analysis of K. africana Fruit Extract
by UHPLC-qTOF-MS2

Sample Preparation

Kigelia africana crude extract (2.5 g) was dissolved in water
to extract chemical components into acetonitrile after acidifi-
cation. Water was then removed from the acetonitrile by pass-
ing the extract through a sodium sulphate column. The extract
was then concentrated to less than 1 ml in a turbovap at 55 °C
with nitrogen and then assayed using UHPLC-QTOF-MS2

Spectrometry.

Instrumentation and Analytical Method

HPLC separation was carried out on a UHPLC+ Dionex
Ultimate 3000 (Thermo Scientific Inc., USA) focused instru-
ment coupled to a Thermo Fisher Scientific Orbitrap Q-
Exactive Plus Mass Spectrometer and a heated electrospray
interface (HESI). The column used for the analyses was
Waters X-Bridge C18 column with measurement 100 mm×
2.1 mm, 3.5 μm. Mobile phase consisted of solvent A made
up of 0.1% (v/v) formic acid in water and B made up of 0.1%
(v/v) formic acid in acetonitrile. Separation started with 98%
of eluent Awhich decrease linearly up to 2% in 15 min. This
composition had a hold up time of 2 min and increased again
to 98% after 1.5 min with a 3-min re-equilibration time. Total
run time was 21.5 min. Flow rate was 0.3 ml/min and the
injection volume were 5 μl. The column temperature was
maintained at 30 °C. The UHPLC-QTOF-MS2 detection and
analys is were performed in ful l MS-SIM (mass
spectrometry—selected ion monitoring) mode followed by
data dependent MS2 (dd-MS2) equipped with a positive and
negative polarity switching over a scan range fromm/z 66.7 to
1000 with a mass accuracy of < 5 ppm. Standard mass spec-
trometry source conditions were considered for the optimal
conditions of mass spectrometer analysis. These conditions
were compatible with the flow rate and had a capillary tem-
perature of 290 °C, sheath flow of 50, spray voltage of 3000 V
and auxiliary temperature of 400 °C. Overall mass resolution
for MS was set to 70,000 and other following conditions:
automatic gain control (AGC) target set at 1.0 × 106,

Table 1 Operating conditions for the MDS-6G (Smart) microwave di-
gestion system

Stage

1 2 3 4

Temperature/°C 180 120 100 100

Ramp time/min 5 1 1 1

Hold time/min 25 5 1 1

Power/%a 60 20 10 10

a 100% power corresponds to 1400 W
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maximum time injection (IT) of 100 min and for dd-MS2, the
mass resolution was set at 35,000 and AGC target of 1.0 × 105

with IT of 50 min.

Statistical Analysis

Results were presented as means ± standard deviation (SD).
All data were analysed by one-way analysis of variance
(ANOVA) with IBM SPSS 23.0 statistical software.
Differences at p ≤ 0.05 were taken as significant using least
significant difference (LSD test). Pattern recognition methods
were employed for data collection and these are principal
component analysis (PCA) as an unsupervised classification
method and hierarchical cluster analysis (HCA) as an unsu-
pervised learning method as described by Patras et al. [39].
The antioxidant activities were predicted by PLS regression
model. Data obtained fromUHPLC-qTOF-MS/MS spectrom-
eter were processed using TraceFinder software version 3.2
(Thermo Scientific). Parameters set in the software used to
identify target analytes using compound database included
the deprotonated molecule at accurate mass, isotopic pattern
at accurate mass and fragment ions.

Results and Discussion

Extraction Yields

The extraction procedure yielded 111.11 g of ethanol extract
(EE) from 1.0 kg of starting material. The yield represents
11.11% of starting material, while the yield from 80 g of
ethanol extract were 32.32 g (40.40%) for hexane, 9.36 g
(11.70%) for ethylacetate, 23.48 g (29.35%) for butanol and
14.84 g (18.55%) for aqueous fraction respectively after
partitioning.

Phytochemical Screening

The phytochemicals of the different solvents extract ofKigelia
africana fruit were screened and this revealed the presence of
sterols, tannins, flavonoids, glycosides, alkaloids, phenols, sa-
ponins and carbohydrates. The result presented in Table 2
below showed that ethylacetate, butanol and hexane fractions
tested positive to tannins, flavonoids and phenols. All of the
fractions including the crude extracts (ethanol fraction) did not
detect the presence of phlobatannins and terpenoids.

Antioxidant Activity Assays

The antioxidant activities of Kigelia africana fruit extracts are
presented in Table 3 below. Total antioxidant capacity, lipid
peroxidation inhibition, hydroxyl ion radical scavenging and
metal ion scavenging activities were measured in all the

different fractions of Kigelia africana fruit extracts; correla-
tion matrices were shown in Fig. 1 and the data are presented
as follows.

Anti-Lipid Peroxidation Inhibition Assay

The activity of lipid peroxidation inhibition measured showed
that all the extracts can scavenge free radical to a certain extent
as measured by the percentage inhibition (IC50). Butanol
(0.62 mg/ml) and hexane (0.79 mg/ml) fractions have the
ability to scavenge free radicals more than ethylacetate
(2.02 mg/ml) fraction and crude extract (2.91 mg/ml). The
order of inhibition was butanol fraction > hexane fraction >
ethylacetate fraction > crude (ethanol) extract > aqueous frac-
tion (Table 3). Butanol and hexane fractions were significantly
different at p < 0.05 to other fractions at 0.62 mg/ml and
0.79 mg/ml (Table 3) respectively with significant correlation
at p < 0.05 (Table 4) between anti-lipid peroxidation activity
and metal ion chelating activity as well as significant correla-
tion at p < 0.01 (Table 4) between anti-lipid peroxidation and
hydroxyl ion radical scavenging activity.

Metal Ion Chelating Activity Assay

Hexane fractions, crude extracts and ethylacetate fractions
have the ability to chelate metal ion with the result ranging
from 0.45, 1.07 and 1.44 mg/ml respectively (Table 3). The
order of inhibition was hexane fraction > crude extract >
ethylacetate fraction > butanol fraction > aqueous fraction.
Hexane fraction varied significantly at p < 0.05 (Table 3) com-
pared to other fractions with significant correlations between
metal ion chelating, anti-lipid peroxidation and hydroxyl ion
radical scavenging activities (Table 4).

OH− Radical Scavenging Activity Assay

Radical scavenging activity of OH− from Kigelia africana
fruit extracts and fractions ranged from 1.34 to 8.49 mg/ml
as measured by the percentage inhibition in mg/ml. All the
fractions except aqueous fraction can scavenge hydroxyl rad-
ical to a higher percentage while hexane fraction was different
significantly at p < 0.05 as shown in Table 3. A strong signif-
icant correlation between scavenging activity of OH− and che-
lating activity of metal ion at p < 0.05 was observed when
compared with each other and also at p < 0.01 when compared
with the inhibition activity of lipid peroxidation (Table 4).

Total Antioxidant Capacity Assay

The total antioxidant capacity of K. africana fruit extracts
ranged between 15.04 and 175.20 mg AAE/g from aqueous
extracts to ethylacetate extracts respectively (Table 3).
Ethylacetate fraction showed higher total antioxidant capacity
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(175.20 mg AAE/g) and has the ability to scavenge free rad-
icals, whereas aqueous fraction has a lower total antioxidant
capacity at 15.30 mg AAE/g.

Principal Component and Hierarchical Cluster Analysis
of Kigelia africana Fruit

With respect to the information obtained from the factor
loadings analysis, the principal component 1 was char-
acterized by all the antioxidant properties with no anti-
oxidant parameter characterized at the principal compo-
nent 2. As revealed in the score and loading plots as
well as the biplot (Fig. 2) of the first two component
below, Kigelia africana fruit extracts were classified in-
to three classes as further authenticated by hierarchical
cluster analysis (Fig. 3). Ethylacetate, hexane and buta-
nol extracts lie on the left side of the PC1 which sym-
bolizes correlation between the three extract samples
with respect to their antioxidant properties. Aqueous ex-
tract on the other hand lies differently on the right-hand

side of PC1 which serves as an indication that it differs
from other extract samples with respect to the antioxi-
dant properties and significantly dominated lipid perox-
idation and hydroxy ion radical. The crude extract how-
ever, lies on the negative axis or left-hand side of PC2
which indicates low antioxidant activities compared with
other extract samples.

PLS Regression’s Prediction of the Total Antioxidant
Activity

PLS regression analysis was used to predict the total
antioxidant activity. The partial least square regression
(PLS) used took the antioxidant activity of the different
fractions of Kigelia africana fruits as the dependent
variables (Yi) and their antioxidant profiles (Xn) as pre-
dictor ones (Fig. 4). The linear equation for the model
constructed is expressed as:

Y i ¼ bo þ b1X 1 þ b2X 2 þ … þ bxX n

Table 2 Phytochemical screening in fruit extract of Kigelia africana

Test Extract

Ethanol (crude extract) Hexane Ethylacetate Butanol Aqueous

Tannins +++ +++ +++ +++ −
Glycosides + − ++ ++ −
Resins + − + − −
Saponins + + + + −
Phlobatannins − − − – −
Flavonoids +++ +++ +++ +++ +

Sterols + + − − −
Phenols ++ + ++ +++ –

Carbohydrates +++ +++ +++ +++ +++

Alkaloids + +++ − − −
Terpenoids − − − − −

+++ represents present much abundantly; ++ present abundantly; + present; − not detected

Table 3 Antioxidant activities of the different extracts of Kigelia africana fruit

Extract TAC (mg/AAE
g)

Lipid peroxidation inhibition activity
(IC50)
mg/ml

Hydroxyl ion radical activity
(IC50)
mg/ml

Metal ion chelating activity
(IC50)
mg/ml

Aqueous 15.03 ± 1.63e 9.59 ± 3.57a 8.49 ± 1.42a 5.52 ± 1.54a

Butanol 52.11 ± 1.49c 0.62 ± 0.22c 1.58 ± 0.12c 2.21 ± 0.81b

Ethanol
(Crude)

44.95 ± 3.35d 2.91 ± 0.99b 2.96 ± 1.22b 1.07 ± 0.01d

Hexane 79.27 ± 2.94b 0.79 ± 0.09c 1.34 ± 0.08d 0.45 ± 0.04e

Ethylacetate 175.20 ± 7.09a 2.02 ± 0.61b 1.64 ± 0.09c 1.44 ± 0.09c

Values are means of three replicates ± standard deviation. (n = 3)

Values in the row with the same letter in superscript are not significantly different from each other (p ≤ 0.05)
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The predicted linear equations are shown below:

TAC ¼ 73:31–58:29 AFð Þ–21:18 BFð Þ–28:27 CEð Þ
þ 101:91 EFð Þ þ 5:84 HFð Þ

MICA ¼ 2:14þ 3:38 AFð Þ
þ 7:14 BFð Þ–1:07 CEð Þ–0:69 EFð Þ–1:68 HFð Þ

LPA ¼ 3:18þ 6:42 AFð Þ–2:57 BFð Þ–0:31 CEð Þ–1:18 EFð Þ–2:35 HFð Þ

HRSA ¼ 3:20þ 5:28 AFð Þ–1:61 BFð Þ–0:21 CEð Þ–1:55 EFð Þ–1:91 HFð Þ

Where TAC = total antioxidant capacity, MICA =metal ion
chelating activity, LPA = lipid peroxidation activity,
HRSA = hydroxyl ion radical scavenging activity, AF = aque-
ous fraction, BF = butanol fraction, CE = crude extract (etha-
nol fraction), EF = ethylacetate fraction and HF = hexane
fraction.

Trace Elements Determination of Kigelia africana
Fruit Extracts Using ICP-OES

The ICP-OES method used in this study was accepted in re-
spect of the acceptable accuracy, concise precision, sensitive

limit of detection (LOD) and the limit of quantification (LOQ)
[40, 41]. A multi-element standard solution was prepared and
treated in a similar procedure to samples. The wavelength,
LOD and the LOQ from 0.5% HNO3 for the determined ele-
ments are shown in Table 5. The LODs of the elements ranged
from 0.021 mg/ml for Zn to 0.085 mg/ml for Fe, while LOQ
ranged between 0.063 and 0.258 mg/ml for Zn and Fe respec-
tively. The low LOD values indicate the high sensitivity of the
ICP-OES method for elemental analysis of Kigelia africana
fruit extracts.

Concentration of Trace Elements in Kigelia africana
Solvent Extracts

The average concentration of the trace elements presents in
ethanol dissolved crude extract is shown in Table 6. The sam-
ple was analysed three times (n = 3) for each element. The
result shows the percentage of relative standard deviation
(%RSD) of the sample analyses. The concentrations of ele-
ments varied widely in the extract. The average concentration
of trace elements obtained in crude extract are Zn (0.1070 ±
0.36), Cu (0.0815 ± 1.11), Ni (0.0196 ± 7.01), Co (0.0081 ±
9.81), Fe (0.2955 ± 1.55), Mn (0.0076 ± 9.13), Cr (0.0308 ±
1.05), Pb (0.0369 ± 6.37) and Cd (0.0171 ± 2.66). Table 7
showed the trace elements present in ethylacetate extract of
Kigelia africana fruit extract. The average concentration of
trace elements obtained in ethylacetate extract are Zn
(0.1104 ± 0.91), Cu (0.0670 ± 3.30), Ni (0.0234 ± 2.82), Co
(0.0088 ± 5.02), Fe (0.5656 ± 0.82), Mn (0.0101 ± 0.88), Cr
(0.0260 ± 2.86), Pb (0.0221 ± 15.92) and Cd (0.0172 ± 2.02).
As shown in Table 8, the average concentration of trace ele-
ments acquired in hexane extract are Zn (0.0620 ± 0.64), Cu
(0.0806 ± 0.08), Ni (0.0194±), Co (0.0088 ± 5.02), Fe
(0.5656 ± 0.82), Mn (0.0101 ± 0.88), Cr (0.0260 ± 2.86), Pb
(0.0221 ± 15.92) and Cd (0.0172 ± 2.02). The trace elements
obtained by butanol solvent extract of Kigelia Africana fruit
are Zn (0.1617 ± 01.05), Cu (0.0440 ± 1.64), Ni (0.0205 ±
1.64), Co (0.0080 ± 6.23), Fe (0.0795 ± 1.31), Mn (− 0.0015
± −8.75), Cr (0.0181 ± 3.41), Pb (0.0198 ± 10.88) and Cd
(0.0177 ± 3.28). Figure 5 showed the varying concentration
of the different extracts of K. africana fruit (Table 9).
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Fig. 1 Antioxidant activities of the different extracts of Kigelia africana
fruit

Table 4 Pearson’s correlation between the antioxidant activities of different extracts of Kigelia africana fruit

Variables TAC Metal chelating Lipid peroxidation OH radical

TAC 1 − 0.509 − 0.490 − 0.589
Metal chelating − 0.509 1 0.902b 0.923b

Lipid peroxidation − 0.490 0.902b 1 0.992a

OH radical − 0.589 0.923b 0.992a 1

a Significant correlation at 1% level
b Significant correlation at 5% level
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MS-Based Identification of Compounds Present
in K. africana Fruit Extracts

A SIM chromatogram was obtained in the positive and
negative mode for Kigelia africana fruit extract in
which the mass spectrometer was operated in the SIM
mode. The intensity was plotted on the y-axis and re-
ferred to as the signal detected for a specific m/z value.
Peaks with retention time 1.08, 5.28 and 10.25 were
selected as examples for the elucidations of the molec-
ular structures. Peak 22 (tR = 13.15) showed an [M –
H]− ion at m/z 251.1634, and the other fragment ions at
57.07*, 55.06, 83.09, 123.08, 129.09 so peak 22 was
identified as Gemfibrozil. Twenty-one peaks in total
were separated and detected in the negative or positive
mode by ultra-high-pressure liquid chromatography
quadrupole time-of-flight mass spectrometer (UHPLC-
qTOF-MS2) as presented in Table 10 and Fig. 6. Data
of all the compounds identified and their sourced pa-
rameters were displayed as supplementary data. These

include amino acids, glycosides and polyphenols which
were identified by measuring m/z values with threshold
override of 100,000 then calculating the elemental com-
position and analysing mass spectrometer fragmentation
behaviour. Among these pharmaceuticals; Buphedrone,
Leucomalachite green, Phendimetrazine, Phthalic acid,
C y c l u r o n , G em f i b r o z i l , E t h y l p a r a b e n , 2 , 4 -
dimethylaniline, 4′-methyl-α-pyrrolidinobutiophenone,
Dimethylcathinone, Pentedrone and Nicotinamide were
confirmed by setting the values of intensity threshold
to 10,000, mass tolerance to 10 ppm, allowed mass
deviation to 5 ppm and allowed intensity deviation to
10%.

A total of 244 metabolites were identified based on
TraceFinder software version 3.2. The detailed information
of the confirmed chemical compounds found in Kigelia
africana fruit extracts were summarized in Table 10, and these
include the elution time, characteristic fragment ions, com-
pound description and elemental composition while those
identified were summarized in Fig. S1 (supplementary data).

Fig. 2 Principal component
analysis (PCA) plots for different
extracts of Kigelia africana fruit.
a PCA scores biplot for different
extracts. b Loading plots for dif-
ferent variables on Eigen values
F1 and F2
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Discussion

Phytochemical analysis conducted on Kigelia africana fruit
extracts obtained for this study revealed the presence of flavo-
noids, alkaloids carbohydrates, tannins, glycosides, phenols,
sterols and saponins etc. (Table 2). These phytochemical com-
pounds are known to be biologically active and useful in
treating diverse diseases [42]. For example, tannins are known
to have antibacterial, antiviral as well as antitumor activities
[43–46]. Thus, the presence of tannins in the fruit extracts
relatively support the use of the Kigelia africana plant tradi-
tionally in cancer treatment. The result of this study showed
that tannins are present abundantly in crude (ethanol),
ethylacetate, hexane and butanol fruit extracts except aqueous
extract. In addition, steroids derived from the fruit shows in-
secticidal and antibacterial properties [47]. It is reported that
alkaloids derived from medicinal plants exhibit antimalarial,
antimicrobial, anti-inflammatory and antispasmodic effects
[48–50]. The medicinal uses of alkaloids have been validated
in literatures for centuries where one of its most general bio-
logical properties is cytotoxicity [51]. Our result indicated that
alkaloids were present abundantly in hexane fruit extract and
was also present in ethanol extract (crude). However, it did not
show any presence in other fruit extracts.

Moreover, the screening done also showed the presence of
flavonoid and phenol contents in the fruit extracts. Flavonoids
as well as phenols are abundantly present in different solvent
of Kigelia africana fruit extracts except aqueous extract. The
high phenolic and flavonoid contents present in various plant
extracts are known for their antioxidant and antidiabetic activ-
ities [52]. Furthermore, saponins are found to be present in
different solvent extracts except the aqueous extract. Studies

have reported that saponins is one of the most active compo-
nents in many herbal medicines [53, 54] with many health
benefits such as the lowering of cholesterol as well as antican-
cer properties [55, 56]. Over the past few years, investigations
on the medicinal properties of various plants with strong an-
tioxidant activities and less side effects [57, 58] have increased
considerably. This formulated the interest in detecting that
naturally existing antioxidants can replace synthetic antioxi-
dants owing to their negative side effects and are being re-
stricted due to their toxicity and carcinogenicity. The phyto-
chemicals seen (Table 2) in Kigelia africana are known to
support bioactive activities and may therefore be the reason
for high antioxidant activities of the fruit extracts. Therefore,
we conducted some antioxidant assays to determine Kigelia
africana fruit antioxidant potentials.

The antioxidant potential of K. africana fruit extract is di-
rectly related to the hydroxyl radical scavenging activity and
accordingly the inhibition of lipid peroxidation [59].
Production of lipid hydroperoxides can induce damage to ev-
ery single molecule of the biological system by binding with
DNA causing strand breaks, mutation and carcinogenesis
[60]. Different solvent extracts of Kigelia africana fruit used
in this study exhibited hydroxyl ion radical scavenging activ-
ity indicating the presence of primary antioxidants which con-
trol anti-lipid peroxidation potential. In this study, butanol,
ethylacetate, ethanol and hexane solvent extracts have good
potential to scavenge the hydrogen peroxide potential hazard
indicating high antioxidant activity of Kigelia africana fruit.
Nevertheless, total antioxidant activity (TAC) assay by
phosphomolybdenum method usually detects antioxidants
ranging from phenolics, ascorbic acid, α-tocopherol to carot-
enoids [38]. The ethylacetate extract of Kigelia africana

Fig. 3 Dendogram of hierarchical
cluster analysis of different
extracts of Kigelia africana fruit
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showed the highest TAC (175 ± 7.09) followed by hexane
(79.27 ± 2.94), butanol (52.11 ± 1.49), ethanol (44.95 ± 3.35)
and aqueous (15.03 ± 1.63) solvent extracts. The higher TAC
could be due to the high content antioxidant compounds like
that of total phenolics and flavonoids in these extracts.
Phenolic compounds have high redox properties and play an
important role in absorbing as well as neutralizing free radi-
cals thereby reducing oxidative chain reactions and also
quench singlet and triplet oxygen as well as the decomposition
of peroxides [61]. Moreover, TAC is not limited to the pres-
ence of flavonoids and phenolics. Other antioxidant com-
pounds such as vitamins, carotenoids and others can also have
high total antioxidant capacity [62]. As excess free irons have
been suggested in the induction and development of free rad-
icals in the biological system. Fruit extracts were also assessed
for their metal chelating activities, which are linked to

Fig. 4 Predicted values for total
antioxidant capacity, metal
chelating ability, lipid
peroxidation and hydroxyl radical
activities of the different extracts
of Kigelia africana fruit

Table 5 LOD and LOQ for determination of selected trace elements

Element Wavelength (nm) LOD LOQ

Zinc (Zn) 213.857 0.021 0.063

Copper (Cu) 327.395 0.058 0.176

Nickel (Ni) 231.604 0.063 0.192

Cobalt (Co) 238.892 0.068 0.207

Iron (Fe) 238.204 0.085 0.258

Manganese (Mn) 261.815 0.069 0.209

Chromium (Cr) 267.716 0.063 0.189

Lead (Pb) 220.353 0.073 0.221

Cadmium (Cd) 228.802 0.049 0.148

LOD limit of detection, LOQ limit of quantification
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autoxidation capabilities. All solvent extracts demonstrated
strong chelating activities.

Among the chemometrics techniques used in extracting
information from original data, principal component analysis
(PCA) is the most commonly used. In PCA for the antioxidant
study of this work, there were two principal components ex-
tracted which explained 99.86% of the total variance for the
antioxidant properties of Kigelia africana fruit extracts in
which 84.95% of the total variation was accounted by com-
ponent 1 while component 2 accounted for 14.91% variation
in the antioxidant properties. Pennington and Fisher [63] and
Hossain et al. [64] used PCA in classifying a wide range of
fruits and vegetables. The classification was based on physical
and chemical characteristics.

Figure 2a illustrates the inter-relationships between the pa-
rameters of this study. The antioxidant parameters studied are
significantly correlated as shown by the Pearson correlation
table (Table 4). Hexane, ethylacetate and butanol fractions
exhibited high total antioxidant activities. In addition to
PCA, HCA shown as a dendogram (Fig. 3) was also used to
evaluate the similarities among the extract samples in which
three (3) well-defined clusters were visible. Extracts which fell
into cluster 1 include ethylacetate, hexane and butanol extracts

while crude extract was grouped in cluster 2. Finally, cluster 3
had in composition aqueous extract which commensurated
with the findings of PCA. Using PCA and HCA in antioxidant
studies has become advantageous because of the accurate in-
terpretation of the results and discussion. However, their in-
discriminate assessment of the association and relationships
between bioactive compounds and in vitro functional proper-
ties is criticized since they provide a qualitative view of the
data [65]. When appropriate, one should bear in mind that the
correlation between the content of chemical compounds and
bioactivity could be duly discussed using correlation
coefficients.

For the prediction of the total antioxidant capacity using
PLS regression, data were centred prior to PLS regression so
that all results were interpretable in terms of variation around
the mean. To measure the total antioxidant activity by total
antioxidant capacity, hydroxyl ion radical scavenging activity,
anti-lipid peroxidation activity andmetal ion chelating activity
assay, the predicted response models fitted well with the ex-
perimental data and were found to have high regression coef-
ficients (R2) (Fig. 4). The values correlated closely with the
experimental data as demonstrated by regression coefficients
(R2) values 1.0, 0.9999, 0.9997 and 1.0 for total antioxidant
capacity, hydroxyl ion radical scavenging, anti-lipid peroxida-
tion and metal ion chelating activity assay, respectively.

Besides, the present study determined the amount of the
following trace elements; Zn, Cu, Ni, Fe, Co, Cd, Pb, Mn,
and Cr present in the different solvents extracts of Kigelia
africana to support the antioxidant activity and the different
varying quantity of these trace elements in each extract of
K. africana fruit (Fig. 5). The elements Zn, Mn and Cu are
all involved in the mechanisms of cellular antioxidant resis-
tance. Also, Cu andMn involved in the production of ROS are
known to possess pro-oxidative properties [66]. A consider-
able quantity of Zn was determined in all solvent extracts of
K. africana fruit in this study. The maximum amount (mg/kg)
of Zn was found in the butanol fraction (0.1617), followed by
ethyl acetate (0.1104), ethanol (0.1070) and the lowest hexane

Table 6 Concentration (mg/kg) of selected trace elements in crude
(ethanol) extract of Kigelia africana fruit

Trace element Concentration (mg/kg) % RSD R2

Zinc (Zn) 0.1070 0.36 0.9999

Copper (Cu) 0.0815 1.11 0.9996

Nickel (Ni) 0.0196 7.01 0.9995

Cobalt (Co) 0.0081 9.82 0.9994

Iron (Fe) 0.2955 1.55 0.9991

Manganese (Mn) 0.0076 9.13 0.9994

Chromium (Cr) 0.0308 1.05 0.9995

Lead (Pb) 0.0369 6.37 0.9993

Cadmium (Cd) 0.0171 2.66 0.9997

Table 7 Concentration (mg/kg) of selected trace elements in
ethylacetate fraction of Kigelia africana fruit extracts

Trace element Concentration (mg/kg) % RSD R2

Zinc (Zn) 0.1104 0.91 0.9999

Copper (Cu) 0.0670 3.30 0.9996

Nickel (Ni) 0.0234 2.82 0.9995

Cobalt (Co) 0.0088 5.02 0.9994

Iron (Fe) 0.5656 0.82 0.9991

Manganese (Mn) 0.0101 0.88 0.9994

Chromium (Cr) 0.0260 2.86 0.9995

Lead (Pb) 0.0221 15.92 0.9993

Cadmium (Cd) 0.0172 2.02 0.9997

Table 8 Concentration (mg/kg) of selected trace elements in hexane
fraction of Kigelia africana fruit extracts

Trace element Concentration (mg/kg) % RSD R2

Zinc (Zn) 0.0620 0.64 0.9999

Copper (Cu) 0.0806 0.08 0.9996

Nickel (Ni) 0.0194 4.89 0.9995

Cobalt (Co) 0.0088 7.91 0.9994

Iron (Fe) 0.0676 2.18 0.9991

Manganese (Mn) 0.0001 440.24 0.9994

Chromium (Cr) 0.0185 0.86 0.9995

Lead (Pb) 0.0270 2.94 0.9993

Cadmium (Cd) 0.0172 7.35 0.9997
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(0.060). Zinc is a component of haemoglobin for assisting the
function of lungs and blood vessels. Studies have reported that
Zn beneficial effects on the atherosclerotic patients [67] and it
exhibited significant anti-tumour activity against human car-
cinoma of the nasopharynx [68]. Also, Zn has an important
role in the synthesis of insulin and catalysis of numerous en-
zymatic reactions [69]. Manganese is an essential element and
a potent neurotoxin. Based on the result, ethylacetate (0.101)
showed a considerable amount of Mn, whereas ethanol
(0.076) and hexane (0.001) shows very less Mn. The butanol
(− 0.0015) extract of K. africana shows a negative result.

Copper content was also determined in this study, which is
ranged from 0.0440 to 0.0815 mg/kg respectively from buta-
nol fraction to hexane fraction. Copper is an essential element
needed for the proper functioning of organs and systems in the
body in small amount, the elevated level can be toxic. Studies
have reported that Cu deficiency may result in anaemia-bone
abnormalities, impaired growth, abnormalities in glucose and
cholesterol metabolism [70–72]. Cr was found in the range of

0.0181 to 0.0308 mg/kg, where the highest concentration was
detected in ethanol extract, while the lowest value was in
butanol extract. Chromium is a crucial trace element that
has an essential biological activity that is important in glucose
homeostasis and insulin sensitivity [73, 74], one important
phenomenon in cases involving diabetes of today. The level
of Fe in fruit extracts ranges from 0.0676 to 0.5656 mg/kg.
The ethylacetate fraction has the most Fe (0.5656) content,
followed by ethanol (0.2955), butanol (0.0795) and hexane
(0.0676). Iron is an essential element in human nutrition. It
is a fragment of haemoglobin and is accountable for the trans-
port of oxygen as well as gives support to the immune system.
Acute iron deficiency cause anaemia and about 600–700 mil-
lion people worldwide are affected by iron deficiency anaemia
mostly in developing countries [75].

Furthermore, this trace metals analysis of this study
showed the presence of Ni, Cd, Pb and Co. Cobalt is a vital
element necessary for the production of the vitamin B12. It
influences many functions in human bodies such as the for-
mation of amino acids and neurotransmitters [76]. Cobalt con-
centration was ranged from 0.0080 to 0.0088 mg/kg in fruit
extracts. On the other hand, excess accumulation of Co in the
human body causes asthma, fibrosis in the lungs and overpro-
duction of erythrocytes [75]. Nickel content was detected in
fruit extracts ranging from 0.0194 to 0.0234mg/kg. However,
the biochemical function of Ni in humans and animals is still
not clear. Cadmium was observed in the solvent extracts rang-
ing from 0.0171 to 0.177 mg/kg. The concentration obtained
for Pb in solvent extracts ranges from 0.0198 to 0.0369mg/kg.
Cadmium and Pb have no nutritional value and exceeding the
limit of these elements causes various diseases such as cancer
and cardiovascular problems [77–79]. In all solvent extracts,
the content of Pb and Cd was below the limit of detection.
According to European legislation (1881/2006/EC), the

Fig. 5 Concentrations (mg/kg) of
selected trace elements of the
different extracts of Kigelia
africana fruit

Table 9 Concentration (mg/kg) of selected trace elements in butanol
fraction of Kigelia africana fruit extracts

Trace element Concentration (mg/kg) % RSD R2

Zinc (Zn) 0.1617 1.05 0.9999

Copper (Cu) 0.0440 1.64 0.9996

Nickel (Ni) 0.0205 1.64 0.9995

Cobalt (Co) 0.0080 6.23 0.9994

Iron (Fe) 0.0795 1.31 0.9991

Manganese (Mn) −0.0015 −8.75 0.9994

Chromium (Cr) 0.0181 3.41 0.9995

Lead (Pb) 0.0198 10.88 0.9993

Cadmium (Cd) 0.0177 3.28 0.9997
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Table 10 Chemical compounds confirmed present in Kigelia africana fruit extracts

No tR/
min

[M-H]−/
[M +H] + (m/z)
Detected ppm

Fragment Elemental
composition

Mass
(Da)

Chemical
compounds

1 1.08 167.0699
− 2.49

95.05*, 139.04, 121.03 C9H10O3 166.176 Ethylparaben

2 1.08 123.0551
− 1.3

80.05*, 96.04*, 78.03*, 106.03* C6H6N2O 122.12 Nicotinamide

3 5.28 192.1378
− 2.62

91.05*, 174.13, 146.10, 145.09, 147.08 C12H17NO 191.27 N-ethylbuphedrone

4 5.28 192.1378
− 2.62

91.05*, 174.13, 132.08, 161.10, 131.07 C12H17NO 191.27 Pentedrone

5 5.28 192.1378
− 2.62

58.07*, 148.11, 147.10, 146.10, 117.07 C12H18ClNO 227.73 Phendimetrazine

6 5.36 122.0963
− 0.83

94.07*, 79.05*, 105.07, 107.07, 103.05 C8H11N 121.183 2,4-dimethylaniline

7 6.75 232.1689
− 2.91

105.07*, 161.10, 112.11, 133.10,
119.05

C15H21NO 231.333 4′-methyl-α-pyrrolidinobutiophenone

8 7.55 335.2216
− 0.3

149.02, 85.10, 121.03 C20H30O4 334.45 Phthalic acid bis-hexyl ester

9 9.57 331.2160
− 2.74

315.19*, 316.19*, 239.15, 272.14,
209.12

C23H25ClN2 364.91 Leucomalachite green

10 10.25 178.1222
− 2.6

91.05*, 160.11, 132.08, 131.07, 147.08 C11H15NO 177.25 Buphedrone

11 10.25 178.1222
− 2.6

105.07*, 133.06*, 58.07*, 105.03,
72.08

C11H15NO 177.24 Dimethylcathinone

12 10.25 178.1222
− 2.6

91.05*, 117.07*, 134.10, 133.09,
160.11

C11H15NO 177.25 Phenmetrazine

13 10.46 199.1799
− 2.73

72.05*, 89.07, 69.07, 156.08, 111.12 C11H22N2O 198.31 Cycluron

14 13.15 251.1634
− 2.98

57.07*, 55.06, 83.09, 123.08, 129.09 C15H2203 250.35 Gemfibrozil

15 15.09 391.2831
− 3.17

149.02*, 71.09*, 57.07*, 121.03*,
167.03*

C24H3804 390.60 Phthalic acid, bis(2-ethylhexyl) ester

16 15.59 279.1583
− 2.74

149.02*, 57.07*, 121.03*, 65.04*,
121.04*

C16H22O4 278.34 Phthalic acid, iso-butyl ester

TTime, min

+ TIC

- TIC

Fig. 6 The TICs of the different chemical compounds comfirmed present in Kigelia africana fruit extracts
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maximum accepted concentration of Cd and Pb are
0.05 mg/kg wet weight and 0.10 mg/kg wet weight, respec-
tively in fruits. The acquired concentration of Cd and Pb in
samples was below the amount suggested by European legis-
lation (2006) [80]. This recommended that no harmful effect
on human health will be observed by the consumption of
Kigelia africana fruit extracts.

The determination of trace level metabolites from compli-
cated biological samples makes UHPLC-qTOF-MS2 superior
and specific for chemical profiling [81]. This study showed
that K. africana fruit extracts possess a lot of chemical com-
pounds which exhibit different pharmacological activities.
Moreover, the chemical composition of these metabolites
was assessed (Fig. S1). Of great importance in this study is
the identification of zidovudine, an antiretroviral drug used in
the prevention and treatment of HIV/AIDS [81]; vigabatrin,
an anticonvulsant used in the treatment of epilepsy [82]; ter-
butaline, a reliever used in managing asthma symptoms as
well as delaying pre-term labour for up to 48 h [83]; zopiclone,
a sleeping pill used for treating insomnia [84]; warfarin, a
medication used to prevent harmful blood clots from forming
or growing larger [85]; amantadine, a muscarinic antagonist
used in the treatment of parkinsonian dyskinesia and influenza
A infections [86]; atenolol, a beta-blocker used for high blood
pressure [87]; creatine which facilitates the recycling of aden-
osine triphosphate (ATP), the energy currency of the cell in
muscle and brain tissue [88]; digoxigenin, an integral part of
glycoside used for molecular biology applications [89];
edrophonium, an acetylcholinesterase inhibitor [90]; nadolol,
a beta-blocker used in the treatment of hypertension and pre-
vention of migraine headaches as well as complications of
cirrhosis [91]; and pentamidine, an anti-infective agent used
to treat or prevent pneumonia caused byPneumocystis jiroveci
[92].

Hippuric acid, an organic metabolite found inK. africana
fruit, is of prior importance. Its levels rise with the consump-
tion of polyphenolic compounds [93]. It is involved in the
metabolism of polyphenols which are antioxidants that mop
up free radicals generated from oxidative related diseases
such as Diabetes mellitus. Individual polyphenols engage
in reactions related to both their core phenolic structure, their
linkages and type of glycosides they form. The end product
before excretion in the urine is the formationof hippuric acid.
Themechanism of action of variousmetabolites identified in
K. africana fruit extracts is not understood. Further re-
searches on the isolation, purification and characterization
are needed to ascertain these novel drugs. The metabolites
confirmedpresent in the fruit extracts are either novel design-
er drugs such as 4′-methyl-α-pyrrolidinobutiophenone,
stimulant drugs of the amphetamine used as an appetite sup-
pressant or treatment of hypotension, antifungal preserva-
tives or fibrates which act by decreasing the amount of fat
produced by the liver.

Conclusion

This study is the first to chemically profile the pharmacolog-
ical metabolites found inK. africana fruit. The study therefore
suggests that the fruit can be considered as a good source of
designer drugs and natural antioxidants. Moreover, the pres-
ence of a high amount of essential trace elements which is
below the acceptable limit of toxic elements provides a pref-
erable probability of the commercial use of Kigelia africana
fruit as a therapeutic drug for the treatment of oxidative-
related diseases, e.g. diabetes. Hence, Kigelia africana fruit
could protect against various oxidative-related diseases.
However, further researches are required to isolate, purify
and characterize the active compounds that have been identi-
fied in this study.

Acknowledgments We thank the Nanotechnology and Water
Sustainability Research Unit, College of Science, Engineering and
Technology, University of South Africa, Florida Park, Johannesburg,
South Africa for releasing most of the equipment used for this study.
The infrastructure support from the institution as well is gratefully ac-
knowledged. We also wish to express our gratitude to Department of
Toxicology and Biochemistry, National Institute of Occupational
Health, Johannesburg, South Africa for their support.

Compliance with Ethical Standards

Conflict of Interests The authors declare that they have no conflict of
interest

References

1. Ayeleso AO, Oguntibeju OO, Brooks NL (2014) In vitro study on
the antioxidant potentials of the leaves and fruits of Nauclea
latifolia. Sci World J 43:70–81

2. Aruoma OI (1994) Nutrition and health aspects of free radicals and
antioxidants. Food Chem Toxicol 32(12):1185

3. Turkan I (2017) Emerging roles for ROS and RNS—versatile mol-
ecules in plants. J Exp Bot 68:4413–4416

4. Alugoju P, Dinesh BJ, Latha P (2015) Free radicals: properties,
sources, targets, and their implication in various diseases. Indian J
Clin Biochem 30(1):11–26

5. Ylä-Herttuala S (1999) Oxidized LDL and atherogenesis. Ann N Y
Acad Sci 874:134–137

6. Stadtman ER, Levine RL (2000) Protein oxidation. Ann N YAcad
Sci 899:191–208

7. Marnett LJ (2000) Oxyradicals and DNA damage. Carcinogenesis
21(3):361–370

8. Rock CL, Jacob RA, Bowen PE (1996) Update of biological char-
acteristics of the antioxidant micronutrients- vitamin C, vitamin E
and the carotenoids. J Am Diet Assoc 96:693–702

9. Mc Cord JM (2000) The evolution of free radicals and oxidative
stress. Am J Med 108:652–659

10. Huxley RR, Neil HA (2003) The relation between dietary flavonol
intake and coronary heart disease mortality: a meta-analysis of pro-
spective cohort studies. Eur J Clin Nutr 57(8):904–908

11. El-Deeb H, El-Sheredy G, MonaM, Ayman FM (2016) The role of
serum trace elements and oxidative stress in Egyptian breast cancer
patients. Sci Res 5:1

Evaluation of Phytochemicals, Antioxidants, Trace Elements in Kigelia africana Fruit Extracts and Chemical...



12. Harrington JM, Young DJ, Essader AS, Sumner SJ, Levine KE
(2014) Analysis of human serum and whole blood for mineral con-
tent by ICPMS and ICP-OES: development of a mineralomics
method. Biol Trace Elem Res 160:132–142

13. Coffey AJ, Durkie M, Hague S, McLay K, Emmerson J, Lo C,
Klaffke S, Joyce CJ, Dhawan A, Hadzic N, Mieli-Vergani G, Kirk
R, Elizabeth Allen K, Nicholl D, Wong S, Griffiths W, Smithson S,
Giffin N, Taha A, Connolly S, Gillett GT, Tanner S, Bonham J,
Sharrack B, Palotie A, Rattray M, Dalton A, Bandmann O (2013)
A genetic study of Wilson’s disease in the United Kingdom. Brain.
136:1476–1487

14. Mainous AG, Wright RU, Hulihan MM, Twal WO, McLaren CE,
Diaz VA et al (2014) Elevated transferrin saturation, health-related
quality of life and telomere length. Biometals 27(1):135–141

15. Marin S, Lăcrimioara S, Cecilia R (2011) Evaluation of perfor-
mance parameters for trace elements analysis in perennial plants
using icp-oes technique. J Plant Dev 18:87–93

16. Heitland P, Köster HD (2006) Biomonitoring of 37 trace elements
in blood samples from inhabitants of northern Germany by ICP-
MS. J Trace Elem Med Biol 20:253–262

17. Ivanenko NB, Ivanenko AA, Solovyev ND, Zeimal AE,
Navolotskii DV, Drobyshev EJ (2013) Biomonitoring of 20 trace
elements in blood and urine of occupationally exposed workers by
sector field inductively coupled plasma mass spectrometry. Talanta
116:764–769

18. Fraga CG (2005) Relevance, essentiality and toxicity of trace ele-
ments in human health. Mol Asp Med 26:235–244

19. Muñiz-Sariego C, Fernández-Martin JL, Marchante-Gaýon JM,
García Alonso JI, Cannata-Andía JB, Sanz-Medel A (2001)
Reference values for trace and ultratrace elements in human serum
determined by double-focusing ICP-MS. Biol Trace Elem Res 82:
259–272

20. Heine H (1963) Flora of west tropical Africa. Crown agents for
oversea governments and administrations, London, United
Kingdom. Bignoniaceae 2:383–388

21. Sofowara A (1980) The present status of knowledge of the plants
used in traditional medicine in western Africa: a medical approach
and chemical evaluation. J Ethnopharmacol 2:109–118

22. Sofowora A (1984) African medicinal plants. University of Ife
Press, IIeIfe, p 104

23. Cragg GM, Newman DJ (2001) Natural product drug discovery in
the next millennium. Pharm Biol 39(1):8–17

24. Immelman WFE, Wicht CL, Ackerman DP (1985) Our Green
Heritage. Tafelberg, Cape Town, South Africa. The Useful Plants
of West Tropical Africa 1 1973, 2nd edn. Royal Botanic Gardens,
Richmond

25. Burkhill HM (1985) The useful plants of west tropical Africa 1, 2nd
edn. Royal Botanic Gardens, Richmond

26. Pooley E (1993) Trees of Natal, Zululand and the Transkei. Natal
Flora Publications Trust, Durban

27. Van Wyk BE, Van Oudtshoorn B, Gericke N (1997) Medicinal
plants of South Africa, 2nd improved impression (2000). Briza
Publications, Pretoria

28. Binutu OA, Adesogan KE, Joseph O (1996) Antibacterial and an-
tifungal compounds from Kigelia pinnata. Planta Medica 62(4):
352–353

29. SEPASAL (2001) Survey of economic plants for arid and semi-arid
lands. Published on the Internet: http://www.rbgkew.org.uk/ceb/
sepasal/2001. Royal Botanic Gardens, Kew, United States of
America http://agris.fao.org/agris-search/search.do?recordID=
GB1997056181

30. Akunyili DN, Houghton PJ, Raman A (1991) Antimicrobial ac-
tivities of the stembark of Kigelia pinnata. J Ethnopharmacol 35:
173–177

31. Kwo VT, Craker LE (1996) Screening Cameroon medicinal plant
extracts for antimicrobial activity. Acta Hortic 426:147–155

32. Abulude FO, Akajagbor C, Dafiehware BH (2001) Distribution of
trace minerals phosphorus and phytate in some varieties of mush-
rooms found in Nigeria. Adv Food Sci 23:113–116

33. Abulude FO (2007) Phytochemical screening and mineral
contents of leaves of some Nigerian woody plants. Res J
Phytochem 1:33–139

34. Yoshiyuki K, Minchori K, Tadato T, Sherigu A, Hiromichi O
(1981) Studies on Scutelarie radix: IV, effect on lipid peroxidation
of rat liver. Chem Pharm Bull 29:2610–2617

35. Masao H, Yang XW, Miyashiro H, Nambo T (1993) Inhibitory
effects of monomeric and dimeric phenyl propanoids from mice
on lipid peroxidation in vivo and invitro. Phytother Res 7:395–401

36. Singh N, Rajini P (2004) Free radical scavenging activity of an
aqueous extract of potato peel. Food Chem 85:b611–b616

37. Halliwell B, Guttridge JMC, Aruoma OI (1987) The deoxyri-
bose method: a simple “test-tube” assay for determination of
rate constants for reactions of hydroxyl radicals. Anal
Biochem 165:215–219

38. Prieto P, Pineda P, Aguilar M (1999) Spectrophotometric quantita-
tion of antioxidant capacity through the formation of a
phosphomolybdenum complex: specific application to the determi-
nation of vitamin E. Anal Biochem 269:337–341

39. Patras A, Brunton NP, O’Donnell C, Tiwari BK (2010) Effect of
thermal processing on anthrocyanin stability in foods; mechanisms
and kinetics of degradation. Trends Food Sci Technol 21:3–11

40. ThompsonM, Ellison SLR,Wood R (2002) Harmonized guidelines
for single-laboratory validation of methods of analysis (IUPAC
technical report). Pure Appl Chem 74:835–855

41. Elgorashe R, Idris A, Malik AA, Saeed A (2014) Facile assay
method for Norfloxacin and ciprofloxacin by sequential injection
chromatography. Acta Chromatogr 26(2):321–334

42. Gbinosa OO, Igbinosa EO, Aiyegoro AO (2009) Antimicrobial
activity and phytochemical screening of stem bark extracts from
Jatropha curcas (Linn). Pharma Research Library 3(2):58–62

43. Motar MLR, Thomas G, Barbosa FJM (1985) Effects of
Anacardium occidentale stem bark extract on in vivo inflammatory
models. J Ethnopharmacol 95:139–142

44. Ruch RJ, Cheng SJ, Klaunig JE (1989) Prevention of cytotoxicity
and inhibition of intercellular communication by antioxidant cate-
chins isolated from Chinese green tea. Carcinogens 10:1003–1008

45. Hisanori A, Kazuyasu F, Osamu Y, Takashi O, Keiji I (2001)
Antibacterial action of several tannins against Staphylococcus au-
reus. J Antimicrob Chemother 48:487–491

46. Kumari M, Jain S (2012) Tannins: an antinutrient with positive
effect to manage diabetes. Res J Recent Sci 1(12):1–8

47. Alexei YB, Joseph IS, Olga VF (1991) Endogenous cardiotonic
steroids: physiology, pharmacology and Alice CB, Vargas VMF,
Silva GAAB, de Siqueira NCS, Schapoval EES, Gleye J, et al.
Screening of plants used in south Brazilian folk medicine. J
Ethnopharmacol 35:161–171

48. Augusto LS, Josean FT, Marcelo S, Margareth FM, Petronio FA,
Jose MB (2011) Anti-inflammatory activity of alkaloids: an update
from 2000 to 2010. Molecules 16:8515–8534

49. Benbott A, Yahyia A, Belaïdi A (2012) Assessment of the antibac-
terial activity of crude alkaloids extracted from seeds and roots of
the plant Peganum harmala L. J Nat Prod Plant Resour 2:568–573

50. Dua VK, Gaurav V, Bikram S, Aswathy R, Upma B, Dau DA et al
(2013) Anti-malarial property of steroidal alkaloid conessine isolat-
ed from the bark of Holarrhena antidysenterica. Malar J 12:1–6

51. Nobori T, Miurak K, Wu DJ, Takabayashik LA, Carson DA (1994)
Deletion of the cyclin-dependent kinase-4 inhibitor gene in multiple
human cancers. Nature 368(6473):753–756

52. Oyaizu M (1986) Studies on products of Browning reactions: anti-
oxidative activities of product of Browning reaction prepared from
glucosamine. Jpn J Nutr 44:307–315

Fagbohun et al.

http://www.rbgkew.org.uk/ceb/sepasal/2001
http://www.rbgkew.org.uk/ceb/sepasal/2001


53. Alice CB, Vargas VMF, Silva GAAB, de Siqueira NCS, Schapoval
EES, Gleye J, Henriques JAP, Henriques AT (1991) Screening of
plants used in south Brazilian folk medicine. J Ethnopharmacol 35:1

54. Liu J, Henkel T (2002) Traditional Chinese medicine (TCM): are
polyphenols and saponins the key ingredients triggering biological
activities? Curr Med Chem 9:1483–1485

55. Gurfinkel DM, Rao AV (2003) Soyasaponins: the relationship be-
tween chemical structure and colon anticarcinogenic activity. Nutr
Cancer 47:24–33

56. Kim SW, Park SK, Kang SI, Kang HC, Oh HJ, Bae CYet al (2003)
Hypocholesterolemic property of Yucca schidigera and Quillaja
saponaria extracts in human body. Arch Pharm Res 26:1042–1046

57. Velioglu YS, Mazza G, Gao L, Oomah BD (1998) Antioxidant
activity and total phenolics in selected fruits, vegetables and grain
products. J Agric Food Chem 46(10):4113–4117

58. Auddy B, Ferreira M, Blasina F, Lafon L, Arredondo L, Dajas F
et al (2003) Screening of antioxidant activity of three Indian medic-
inal plants, traditionally used for the management of neurodegener-
ative diseases. J Ethnopharmacol 84:131–138

59. Orabi KY, Al-Qasoumi SI, MM EI-Q, Mossa JS, Muhammad I
(2001) Dihydroagarofuran alkaloid and triterpenes from
May t enus he t e rophy l l a and May t enus arbu t i f o l i a .
Phytochemistry 58:475–480

60. Sharififar F, Dehghan-nudeh GH, Mirtajaldini M (2009) Major fla-
vonoids with antioxidant activity from Teucrium polium L. Food
Chem 112:885–888

61. Osawa T (1994) Novel natural antioxidants for utilization in food
and biological systems. In: Postharvest Biochemistry of Plant Food-
Materials in the Tropics. Japan Scientific Press, Tokyo, pp 241–251

62. Javanmardi JC, Stushnoff E, Locke JM (2003) Antioxidant activity
and total phenolic content of Iranian Ocimum accessions. Food
Chem 83:547–550

63. PenningtonAT, Jean TT, Fisher R (2009) Classification of fruits and
vegetables. J Food Compos Anal 22:1–5

64. Hossain T, AlamM, Sikdar D (2011) Chemical andmicrobiological
quality assessment of raw and processed liquid market milks of
Bangladesh continental J. Food Sci Technol 5:6–17

65. Granato D, Putnik P, Kovacevic DB, Santos JS et al (2018) Trends
in chemometrics: food authentication, Microbiology and Effects of
Processing. Comp Rev Food Sci Food Saf 17(3):663–677

66. Valko M, Morris H, Cronin MT (2015) Metals, toxicity, and oxida-
tive stress. Curr Med Chem 12:1161–1208

67. Ripa S, Ripa R (1994) Zinc and atherosclerosis. Minerva Med
85(12):647–654

68. Bhathacharya SK, Bhattacharya A, Ghosal S (2007) Anxiolytic-
antidepressant activity of Withania somnifera glycowithanolides:
an experimental study. Phytomedicine 7(6):463–469

69. Maret W (2013) Zinc biochemistry: from a single zinc enzyme to a
key element of life. Adv Nutr 4(1):82–91

70. Linder MC, Hazeg-Azam M (1996) Copper biochemistry and mo-
lecular biology. Am J Clin Nutr 63(5):797S–811S

71. Lawrence AL, Fox J, Castille FL (1998) Decreased toxicity of
copper and manganese ions to shrimp Nauplii in the presence of
EDTA. J World Aquacult Soc 1:271–280

72. Liang Q, Zhou B (2007) Copper and manganese induce yeast apo-
ptosis via different pathways. Mol Biol Cell 13:4741–4749

73. Qiao W, Peng Z, Wang Z, Wei J, Zhou A (2009) Chromium im-
proves glucose uptake and metabolism through upregulating the
mRNA levels of IR, GLUT4, GS, and UCP3 in skeletal muscle
cells. Biol Trace Elem Res 131(2):133–142

74. Guimarães MM, Carvalho AC, Silva MS (2016) Effect of chromi-
um supplementation on the glucose homeostasis and anthropometry
of type 2 diabetic patients: double blind, randomized clinical trial. J
Trace Elem Med Biol 36:65–72

75. Lombaert N, Lison D, Van Hummelen P, Kirsch-Volders M (2008)
In vitro expression of hard metal dust (WC-Co)—responsive genes

in human peripheral blood mononucleated cells. Toxicol Appl
Pharmacol 227(2):299–312

76. Barceloux DG (1999) Cobalt. J Toxicol Clin Toxicol 37:201–206
77. Fewtrell L, Kaufmann R, PrussUstun A (2003). Assessing the en-

vironmental burden of disease at national and local levels.
Environmental Burden of Disease Series, No. 2

78. Agency for Toxic Substances and Diseases Registry (ASTDR)
(2005) Toxicological profile for lead. U. S. Department of Health
and Human Services. Public Health Services

79. WHO, World Health Organization (2010) Cadmium; environmen-
tal health criteria, 134, Geneva

80. European Commission (2006) (Regulation 1881/2006/EC)
Commission Regulation (EC) No 1881/2006 of 19 December
2006 setting maximum levels for certain contaminants in food-
stuffs. Official Journal L 364, 2006, 5–24

81. Sun R, Eriksson S, Wang L (2010) Identification and characteriza-
tion of mitochondrial factors modulating thymidine kinase 2 activ-
ity. Nucleosides Nucleotides Nucleic Acids 29(4–6):382–385

82. Zwanzger P, Baghai TC, Schuele C, Strohle A, Padberg F,
Kathmann N, Schwarz M, Moller HJ, Rupprecht R (2001)
Vigabatrin decreases cholecystokinin-tetrapeptide (CCK-4) in-
duced panic in healthy volunteers. Neuropsychopharmacology.
25(5):699–703

83. Mohamed Ismail NA, Ibrahim M, Mohd Naim N, Mahdy ZA,
Jamil MA, Mohd Razi ZR (2008) Nifedipine versus terbutaline
for tocolysis in external cephalic version. Int J Gynaecol Obstet
102(3):263–266

84. Mets MA, Volkerts ER, Olivier B, Verster JC (2010) Effect of
hypnotic drugs on body balance and standing steadiness. Sleep
Med Rev 14(4):259–267

85. Ageno W, Gallus AS, Wittkowsky A, Crowther M, Hylek EM,
Palareti G (2012) Oral anticoagulant therapy: antithrombotic thera-
py and prevention of thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines.
Chest. 141(2 Suppl):e44S–e88S

86. Golan DE, Armstrong EJ, Armstrong AW (2017) Principles of phar-
macology: the pathophysiologic basis of drug therapy, 4th edn.Wolters
Kluwer, Philadelphia, p 142, 199, 205t, 224t, 608, 698–700

87. Testa G, Cacciatore F, Della-Morte D, Mazzella F, Mastrobuoni C,
Galizia G, Gargiulo G, Rengo F, Bonaduce D, Abete P (2014)
Atenolol use is associated with long-term mortality in
community-dwelling older adults with hypertension. Geriatr
Gerontol Int 14:153–158

88. Barcelos RP, Stefanello ST, Mauriz JL, Gonzalez-Gallego J, Soares
FA (2016) Creatine and the liver: metabolism and possible interac-
tions. Mini-Rev Med Chem 16(1):12–18

89. Tinberg CE, Khare SD, Dou J, Doyle L, Nelson JW, Schena A,
Jankowski W, Kalodimos CG, Johnsson K, Stoddard BL, Baker
D (2013) Computational design of ligand-binding proteins with
high affinity and selectivity. Nature. 501(7466):212–216

90. Meriggioli MN, Sanders DB (2014) Muscle autoantibodies in my-
asthenia gravis: beyond diagnosis? Expert Rev Clin Immunol 8(5):
427–438

91. Giannelli V, Lattanzi B, Thalheimer U, Merli M (2014) Beta-
blockers in liver cirrhosis. Ann Gastroenterol 27(1):20–26

92. Magill AJ, StricklandGT,Maguire JH, Ryan ET, SolomonT (2012)
Hunter's Tropical medicine and emerging infectious disease, 9th
edn. Elsevier Health Sciences, Edinburgh, p 723

93. Pero RW (2010) Health consequences of catabolic synthesis of
hippuric acid in humans. Curr Clin Pharmacol 5(1):67–73

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Evaluation of Phytochemicals, Antioxidants, Trace Elements in Kigelia africana Fruit Extracts and Chemical...

View publication statsView publication stats

https://www.researchgate.net/publication/335286442

	Evaluation...
	Abstract
	Introduction
	Materials and Methods
	Collection and Identification of Kigelia africana Fruit
	Solvent Extraction of Kigelia africana Fruit
	Chemicals
	Phytochemical Screening
	Alkaloids Test
	Alkaline Method for the Test of Flavonoids
	Tannins Test
	Frothing Test for Saponins
	Test for Glycosides
	Salkowski’s Sterol Test
	Salkowski Test for Terpenoids
	Test for Resins
	Test for Phenols
	Test for Carbohydrates
	Test for Phlobatannins
	Antioxidant Activity Assays
	Determination of Lipid Peroxidation Inhibition Activity
	Determination of Chelating Activity of Metals
	Determination of OH− Scavenging Activity
	Phosphomolybdenum Method of Total Antioxidant Capacity Determination

	Determination of Trace Element Levels
	Microwave Digestion
	Determination of Trace Element Levels by ICP-OES

	Chemical Profiling Analysis of K.�africana Fruit Extract by UHPLC-qTOF-MS2
	Sample Preparation
	Instrumentation and Analytical Method
	Statistical Analysis


	Results and Discussion
	Extraction Yields
	Phytochemical Screening
	Antioxidant Activity Assays
	Anti-Lipid Peroxidation Inhibition Assay
	Metal Ion Chelating Activity Assay
	OH− Radical Scavenging Activity Assay
	Total Antioxidant Capacity Assay
	Principal Component and Hierarchical Cluster Analysis of Kigelia africana Fruit
	PLS Regression’s Prediction of the Total Antioxidant Activity
	Trace Elements Determination of Kigelia africana Fruit Extracts Using ICP-OES
	Concentration of Trace Elements in Kigelia africana Solvent Extracts
	MS-Based Identification of Compounds Present in K.�africana Fruit Extracts

	Discussion
	Conclusion
	References


