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The current study was aimed at the determination of the phytochemical contents and antioxidant capacity of the leaves of A. greatheadii |
from four provinces of South Africa. The leaves samples of A. greatheadii were collected at four different locations in South Africa; |
namely, Limpopo province (Polokwane), Gauteng province (Ga-Rankuwa), Mpumalanga province (Siyabuswa) and North-West province
(Brits) during the summer season of the year. The ground samples were then extracted in a serial sequential procedure with different |
organic solvents using cold maceration extraction method. The extracts were then subjected to quantitative phytochemical analysis for the |
determination of total phenolic, total tannin, total flavonoid and total saponin content. In addition, the antioxidant capacity of the methanol |
extracts were evaluated through the DPPH assay. Quantitative phytochemical analysis showed variation in the total phenolic, total tannin, |
total flavonoid and total saponin contents of the samples from different locations, with specific phytochemicals found in higher amounts
at different locations. However, upon calculation of the total phytochemical content the high amount was recorded with the Limpopo |
province sample. Variation in the antioxidant capacity (ECs, based) of the samples from different locations was demonstrated, with the |
Limpopo and Mpumalanga provinces’ samples showing high capacity. The results demonstrated that the variation in geographical locations |
has an effect on the phytochemical contents and antioxidant capacity of the leaves of A. greatheadii. Furthermore, the Limpopo province |
area with a high altitude appeared to be providing suitable growing conditions for high accumulation of phytochemicals and higher
antioxidant capacity. I
|
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INTRODUCTION

The usage of plants for human and animal healthcare
purposes dates back many decades ago. Medicinal plants
possess many compounds within their different parts known
as phytochemicals that possess biological activities that exert
physiological responses in living systems which, are health
beneficial to organisms [1]. As such, it is the nature of phyto-
chemicals present in different plant parts that contributes to
their medicinal importance. The biosynthesis and accumulation
of phytochemicals, which informs the phytochemical compo-
sition, in plants is reported to be influenced by environmental
factors such as geographical locations, seasonal variations and
cultivation aspects under which the plants are growing [2,3].

Aloe plants are the most common or popular medicinal
plants used for traditional medicine purposes. Their extracts

are used traditionally for treatment of arthritis, skin cancer, burns,
eczema, psoriasis, digestive problems, high blood pressure and
diabetes [4]. Aloes in general are known for their antioxidant
properties attributed to the presence in this plants of organic
acids, polyphenols/phenolic acids, alcohols, aldehydes,
ketones, pyrimidines, indole alkaloids, phytosterols and dicar-
boxylic acids [5]. Since aloes are generally popular amongst
South African traditional health practitioners and general usage
by communities, the choice of the species for collection is
often informed by easy access and availability.

Amongst the aloes, Aloe greatheadii var. davyana is the
most widely distributed in all the northern provinces of South
Africa that include Limpopo, Gauteng, Mpumalanga and North-
West provinces, although its therapeutic properties are not well
documented [6]. This wide distribution in different geogra-
phical locations exposes the plant species to different growing
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abiotic conditions such as varied altitudes, rainfall patterns
and soil types that are associated with those growing locations
[7]. The extracts of the leaves of the A. greatheadii, like those
of other aloes, are reported to possess antioxidant properties
[8]. However, there is no information on whether the variation
in geographical locations has effect on the phytochemical
contents and antioxidant capacity of the leaves of the plant
species. The current study was aimed at the determination of
the phytochemical contents and antioxidant capacity of the
leaves of Aloe greatheadii collected from four provinces in
South Africa, with the intention to establish whether variation
in growing locations has effect on the phytochemical content
and antioxidant capacity of the plant species.

EXPERIMENTAL

The leaves of Aloe greatheadii were collected from four
different provinces (Limpopo, Gauteng, Mpumalanga and
North West) using convenient sampling method. The Limpopo
sample was collected at Polokwane along the Dendron road
(altitude: 1329 m above sea level), Gauteng one was collected
at Ga-Rankuwa (altitude: 1246 m above sea level), Mpumalanga
one was collected at Siyabuswa (altitude: 1020 m above sea
level) and the one from North West was collected at Brits
(altitude: 1083 m above sea level).

The leaves from different locations were washed with
distilled H,O, chopped into smaller pieces and dried at room
temperature. The dried plant samples were then ground into
powder and stored in the dark using tightly closed containers
until extraction.

Extraction: 5 g of the ground plant material from each
province was poured was extracted in a serial sequential pro-
cedure with 50 mL of hexane, dichloromethane, acetone and
methanol solvents using cold maceration extraction method.
The extracts were then filtered into pre-weighed beakers, allowed
to dry under a stream of air at room temperature and stored in
the dark until further analysis.

Phytochemical contents

Total phenolic content: Total phenolic content was deter-
mined using the Folin-Ciocalteu assay as described by Tambe
and Bhambar [9]. Standard solutions of gallic acid (20, 40,
60, 80, 100 pg/mL) were prepared. About 1 mL of each of the
gallic acid soloution was added to 9 mL of distilled water in a
25 mL volumetric flask. Then 1 mL of Folin-Coicalteu phenol
reagent was added to the solution with shaking. After 5 min,
10 mL of 7 % sodium carbonate solution was added to the
mixture. The solution in the flask was then incubated for 90
min at room temperature and the absorbance was recorded
at 550 nm. Solutions of leaf extracts of A. greatheadii were
analyzed in the same manner described for standard solutions.
Total phenol content of the extracts was expressed as gallic
acid equivalence (GAE)/g dry weight of plant material.

Total tannin content: Total tannins content was deter-
mined using the Folin-Coicalteu assay as described by Tambe
and Bambhar [9]. A standard curve was drawn with gallic acid
standard solutions (20, 40, 60, 80, 100 ug/mL). About 0.5 mL
of each of the gallic acid concentrations were added to a 50 mL
volumetric flask containing 37.5 mL of distilled water. Then

2.5 mL of Folin-Coicalteu phenol reagent and 1 mL of 35 %
Na,COs solution were added. The mixture was shaken and kept
at room temperature for 30 min. Absorbance was measured
against the blank at 725 nm. The leaf extracts of A. greatheadii
were analyzed in the same manner described for standard
solutions. Total tannin content in plant extracts was expressed
as GAE/g dry weight of plant material.

Total flavonoid content: Total flavonoid content was
measure by the aluminium chloride colorimetric assay as
described by Tambe and Bhambar [9]. Standard solutions of
quercetin (20, 40, 60, 80 and 100 ug/mL) were prepared from
which about 1 mL. was mixed with 4 mL of distilled water in
a 10 mL volumetric flask. The mixture was then treated with
about 0.30 mL of 5 % sodium nitrate and 0.3 mL of 10 %
aluminium chloride was added was added after 5 min. After 5
min of incubation at room temperature, 2 mL of 1 M sodium
hydroxide was added and the mixture further diluted with 10
mL with distilled water. Absorbance was then read at 510 nm.
The leaf extracts of A. greatheadii were analyzed in the same
manner described for standard solutions. Total flavonoid con-
tent in plant extracts was expressed as quercetin equivalence
(QE)/g dry weight.

Total saponin content: Estimation of total saponins content
was determined by the method described by Makkar et al. [10],
based on vanillin-sulphuric acid colorimetric reaction with
some modifications. About 50 pL of plant extract was added
with 250 pL of distilled water. To this solution, about 250 pL of
vanillin reagent (800 mg of vanillin in 10 mL of 99.5 % ethanol)
was added. Then 2.5 mL of 72 % sulphuric acid was added and
it was mixed well. This solution was kept in a water bath at 60 °C
for 10 min. After 10 min, it was cooled in ice cold water and the
absorbance was read at 544 nm. Total saponin content in plant
extracts was expressed as diosgenin equivalents (DE)/g dry
weight extract derived from the standard curve of standard solu-
tions of diosgenin treated similarly to the plant extracts.

Total phytochemical content: The average values obtained
for amounts of individual phytochemical groups (i.e., total
phenolic, total tannin, total flavonoid and total saponin contents)
for each sample from different locations were summed up to
arrive at what was referred to as total phytochemical content.
The location of the sample that the total phytochemical content
was recorded at highest amounts was noted.

Antioxidant activity strength

DPPH assay: The free radical scavenging activity of the
roots and leaves extract of the medicinal plant were compared
to activity of a standard, vitamin C, as described by Abdille
et al. [11], with slight modification. Serial dilutions (0-250
ug/mL) of the extract were prepared in 100 pL using distilled
water. Similar concentrations and volume of ascorbic acid were
used as positive control. Then, 100 L 0.1Mm methanol solution
of DPPH was added into the extracts solution and allowed to
stand at room temperature for 30 min. The changes in absor-
bance of the samples were measured at 550 nm using Multiskan
Ascent plate reader (Thermo Labsystems, USA). The percen-
tage inhibition of the extracts was calculated as follows:

Aextmct X 100

control

control

DPPH inhibition (%) =
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TABLE-1
TOTAL PHENOLIC, TANNIN, FLAVONOID AND SAPONIN CONTENTS OF THE
EXTRACTS OF A. greatheadii LEAVES FROM FOUR SOUTH AFRICAN PROVINCES

Limpopo Gauteng Mpumalanga  North West Limpopo Gauteng Mpumalanga  North West
Extracts province province province province province province province province
Total phenolic content (mg GAE/g extract dry weight) Total tannins content (mg/GAE/g dry weight)
Hexane 1.91 0.86 1.39 ND 0.068 ND ND 0.153
DCM 2.14 1.48 3.85 2.12 0.089 ND 0.368 0.239
Acetone 3.27 2.20 3.93 1.95 0.261 0.026 0.410 ND

Methanol 1.65 2.82 1.61 1.65 0.389 0.346 ND 0.111
Average 2.24 1.84 2.63* 1.43 0.202* 0.093 0.195 0.126
Total flavonoids content (mg/GAE/g extract dry weight) Total saponins content (mg/GAE/g extract dry weight)
Hexane 2.47 2.97 2.04 1.35 0.275 0.315 0.279 0.269
DCM 2.01 1.06 1.92 1.49 0.324 0.527 0.415 0.239
Acetone 2.78 0.61 0.82 0.686 0.405 0.223 0.276 0.177
Methanol 3.57 0.73 1.32 1.23 0.271 0.238 0.204 0.146
Average 2.71* 1.34 1.52 1.19 0.319 0.326* 0.294 0.208

Values calculated using the average absorbance of triplicates; *recorded highest amount amongst samples; ND: not determined.

The antioxidant activity strength of the methanol extracts
of the leaves of A. greatheadii collected from four South African
provinces was determined through the effective concentration
that gave 50 % DPPH inhibition that was extrapolated from
the plot of the % DPPH inhibition vs. extract concentration.
The lowest or lower value was regarded as demonstration of
highest or higher antioxidant activity strength.

RESULTS AND DISCUSSION

The extracts of the leaves of A. greatheadii from four South
African provinces were subjected to quantitative phytoche-
mical analysis for the determination of total phenolic contents,
total tannin contents, total flavonoid contents and total saponins
contents. The results of the phytochemical quantities deter-
mined within extracts of samples from different locations are
shown in Table-1. On average, the high amount of total
phenolics was recorded with Mpumalanga province sample;
high amounts of tannins and flavonoids were recorded with
the Limpopo province sample and the high amount of saponins
was recorded with the Gauteng province sample. The results
of the calculated total phytochemical content of samples are
shown in Table-2. The highest total phytochemical content
was recorded with the Limpopo province sample (5.47 mg/g
dry weight), followed by the Mpumalanga province sample
(4.64 mg/g dry weight) and the Gauteng province sample (3.59
mg/g dry weight), with the North West province sample (2.95
mg/g dry weight) recording the lowest total quantitative phyto-
chemical composition.

TABLE-2
TOTAL PHYTOCHEMICAL CONTENT OF THE LEAVES OF
A. greatheadii FROM FOUR SOUTH AFRICAN PROVINCES

Phytochemical contents (mg/g dry weight)

Phytochemical ~ Limpopo Gauteng Mpumalanga I\\I{),{::i_
province  province province .
province

Total phenolics 2.24 1.84 2.63 1.43
Total tannins 0.202 0.093 0.195 0.126
Total flavonoids 2.71 1.34 1.52 1.19
Total saponins 0.319 0.326 0.294 0.208
Total 5.47* 3.59 4.64 2.95

*Recorded highest amount amongst samples

The evaluation of antioxidant activity of the methanol
extracts of the plant samples was done based on DPPH inhi-
bition (Fig. 1). The methanol extract of the samples from all
four provinces showed free radical scavenging properties
against DPPH in a dose-dependent manner. The antioxidant
activity strength was evaluated through the determination of
ECs of the samples extracts from the % DPPH inhibition versus
concentration plot and the ECs, values extrapolated from the
antioxidant activity figure are shown in Table-3. The samples
from the Limpopo and Mpumalanga provinces recorded the
lowest ECsos of 0.42 and 0.43 mg/mL, respectively that were
not different from each other. The Gauteng and North-West
provinces samples recorded ECs, values of 0.62 and 0.82 mg/
mL, respectively.
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Fig. 1. 9% DPPH inhibition of the methanol extracts of leaves of A. greatheadii

collected from four South African provinces

TABLE-3
EC,, VALUES OF THE METHANOL EXTRACTS OF THE
LEAVES OF A. greatheadii FROM FOUR SOUTH AFRICAN
PROVINCES AGAINST DPPH FREE RADICAL

Province EC;, (mg/mL)
Limpopo 0.42*
Gauteng 0.62°
Mpumalanga 0.43*
North West 0.82°

*beyalues with different letters are significantly different at p < 0.05;
values with similar letters are not significantly different at p < 0.05
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Quantitative phytochemical analysis is of significant impor-
tance in the study of medicinal plants since their biological
activities have been shown to be dose-dependent in most cases
[12,13]. In this study, quantitative phytochemical analysis was
intended to determine the geographical location that, amongst
other locations where samples were collected, affords high
accumulation or amounts of tested phytochemicals. Determi-
nation of the amounts of phytochemicals within plant extracts
entails spectrophotometric measurements of the colour inten-
sity of the formed product upon reaction of the components
of the extracts with a specific substrate [ 14]. Following spectro-
photometric measurements, the amounts of phytochemicals
are determined from the standard curves as equivalence of the
concentration of standard compounds for a specific phyto-
chemical group upon their reaction with a similar substrate
under the same reaction conditions [9]. As such, total phenolic
and tannin contents were expressed as gallic acid equivalence
(GAE), total flavonoids were expressed as quercetin equivalence
(QE) and total saponins were expressed as diosgenin equiva-
lence (DE).

On average, the results showed the highest amounts of
total phenolic content to be recorded with the Mpumalanga
province sample; the highest amounts of tannins and flavonoids
were recorded with the Limpopo province sample and the
highest amounts of saponins to be recorded with the Gauteng
province sample. The North-West province sample recorded
none of the phytochemicals in highest amounts. In previous
studies, higher altitudes were also linked with higher phyto-
chemical amounts in medicinal plants [15-17]. However, in
this study the different phytochemicals were recorded in higher
amounts in samples from various locations. Since the different
locations under study are of different altitudes, phytochemical
group specificity upon influence of varied altitudes is therefore
suggested. The suggested specificity in phytochemical groups
accumulation specificity at different altitudes demonstrated
through the results of the current study is in agreement with
the results of a study by Nchabeleng et al. [18], where total
polyphenols were found in wild bush tea samples growing at
high altitudes whereas the accumulation of tannins was high
at low altitudes in wild bush tea.

Confronted by similar observations of phytochemical
specificity upon influence by varied geographical locations
on the leaves of Senna italica, Gololo et al. [19] presented the
comparative quantitative phytochemical analysis in the form
of a concept referred to as the total phytochemical content
that is achieved through the summation of the recorded indi-
vidual phytochemical amounts. The results showed a high total
phytochemical content to be recorded with the Limpopo pro-
vince sample, followed by the Mpumalanga province sample
and in turn followed by the Gauteng province sample, with
the North-West province sample recording a low total phyto-
chemical content. The sampling location at the Limpopo
province area is of higher altitude compared to those of other
sampling areas. Therefore, the results in terms of the total phyto-
chemical content suggest that the phytochemical content was
high at the location with a higher altitude. Therefore it appears
that variation in geographical location have effect on the
phytochemical content of the leaves of A. greatheadd;.

Most plants reported to possess some antioxidant
properties to exhibit many other biological activities such as
antidiabetic, anticancerous, antiatherosclerosis and anti-
microbial activities [20]. For the current study, antioxidant
capacity was evaluated using only the methanol extracts since
previous studies has shown that methanol affords extraction
of most antioxidant compounds from medicinal plants parts
than other solvents [21,22]. The antioxidant capacity was
determined using the effective concentration that gave 50 %
inhibition (ECso) against DPPH free radical, with the lower
values indicating higher antioxidant strength or capacity. The
results of the current study showed some variation in the anti-
oxidant capacity of the methanol extracts of the leaf samples
of A. greatheadii from the different locations. The results
further indicated higher antioxidant activity in the methanol
extracts of leaf samples from Limpopo and Mpumalanga
provinces as signified by lower ECs, values of 0.42 and 0.43
mg/mL, respectively, compared to relatively higher ECs, values
for samples from the Gauteng and North-West provinces.
Interestingly, the Limpopo province sample recorded the
highest total phytochemical content as well as the highest
antioxidant capacity; whereas the North West province sample
recorded the lowest total phytochemical content and the lower
antioxidant capacity. The results therefore suggest a positive
relationship in the total phytochemical content and the anti-
oxidant capacity of the leaves of A. greatheadii. This deduced
observation is in agreement with the findings of the study by
Aburigal et al. [23] where variation in the antioxidant capacity
of Ocimum basilium collected from different regions and a
positive relationship in the antioxidant capacity and total
phenolic content were reported.

Conclusion

The leaf samples of A. greatheadii from four South African
provinces showed some variation in the phytochemical contents
and antioxidant capacity. The Limpopo province sample with
the highest altitude, appeared to be providing suitable condi-
tions for high accumulation of phytochemicals and higher
antioxidant capacity. Therefore, the study demonstrated that
variation in geographical locations has effect on the phyto-
chemical contents and antioxidant capacity of the leaves of A.
greatheadii.
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