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INTRODUCTION

Medicinal plants in South Africa have been utilized for
many years by indigenous people as remedies for human
diseases because they contain components of therapeutic value.
Even today more than 60 % of South Africans depend on the
effectiveness of traditional medicinal plants as compared
to synthetic medicines [1]. Diseases that have been managed
traditionally using medicinal plants include malaria, epilepsy,
infertility, convulsion, diarrhoea and other complications
caused by fungal and bacterial infections [2]. The importance
and efficacy of medicinal plants depends on the nature of
phytochemicals they possess [3].

The usage of medicinal plants in traditional healthcare
system is predominated by a phenomenon of convenient plant
collection practice, based on easiness of access. This gives
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rise to the collection of the same plant species at growth
locations with different environmental influences or exposure
for usage in treatment of similar disease conditions, with some
disparities in the phytochemical compositions of the collected
plant material [4]. One such scenarios is the collection of plant
species at varying distances to roads, including untarred roads
that exposes plants to road-dust pollution. Road-dust pollution
like many environmental factors may have effect on the quality
of phytochemicals found in medicinal plants parts [5,6]. In a
study by Leghari et al. [7], road dust pollution was shown to
have a negative effect on the growth of a grape bearing plant,
Vitis vinifera. One such plant species that is observably located
both near and far away to dusty roads in Limpopo province of
South Africa is Barleria dinteri, which variably exposes the
plant species to road-dust pollution. However, the effect that
differences in the exposure to road-dust pollution have on the



quality and quantity of the phytochemical composition of the
plant species is not known.

Barleria dinteri, a member of the Acanthaceae family, is
one such plant that was observed to be located both near dusty
roads in rocky areas of the mostly rural Limpopo province of
South Africa, with easy access and far away from the road,
mostly into the dense bushes with difficulty of access. The
easiness of access for the plant species located along the roads
leads for such plants to be frequently collected for usage in
traditional medicine compared to those located away from the
roads. B. dinteri is used in traditional medicine to treat many
disease including bacterial infections and some form of
intestinal tumours [8]. Barleria plant species are reported to
possess important phytochemicals such as alkaloids, flavo-
noids, tannins, saponins and anthraquinones [9].

The aim of this study was to undertake the qualitative
and quantitative phytochemical analysis of the leaves and roots
samples of B. dinteri collected at two locations with observable
differences in exposure to road-dust pollution in order to deter-
mine the effect that road-dust pollution have on the quality and
quantity of phytochemicals possessed by the plant species.

EXPERIMENTAL

The plant species, B. dinteri, was selected based on ethno-
botanical usage in traditional medicine and its habitation both
near and away from dusty roads. The roots and leaves samples
were collected from Limpopo province of South Africa at two
different locations, one location being near (test sample) a
dusty-road and the other location being far (control sample)
from the dusty-road, using convenient sampling method. The
collected plant samples were authenticated by staff at the
University of Limpopo Herbarium where the voucher specimen
was deposited (UNIN 11118). The collected roots and leaves
were washed with distilled water and dried at room tempe-
rature. Dried samples were ground to fine powder and stored
using closed containers at room temperature in the dark until
further usage.

Extraction: The ground plant samples (5 g) were extracted
with 50 mL of hexane, dichloromethane, acetone and methanol
by cold maceration extraction method in a serial exhaustive
procedure. Tubes were vigorously shaken for 5 min. After
centrifugation at 2000 rpm for 30 min the supernatant was
decanted into pre-weighed labelled beakers.

Qualitative phytochemical analysis

TLC analysis of the extracts: Chemical constituents of
the extracts were analyzed by thin layer chromatography (TLC)
using aluminum-backed TLC plates (Merck, silica gel 60 F234)
as described by Masoko and Eloff [10], with modifications.
The TLC plates that were developed separately with three diffe-
rent eluent systems, i.e. ethyl acetate/methanol/water (16:8:2,
v/v/v): [EMW] (higher polarity); chloroform/methanol (16:2,
v/v): [CM] (intermediate polarity); hexane/ethyl acetate (16:2,
v/v): [HE] (lower polarity). After development of chromato-
grams, compound bands were visualized by spraying with
freshly prepared vanillin reagent (0.5 vanillin, 50 mL methanol,
sulphuric acid) spraying reagents. The vanillin sprayed plates
were carefully heated at 100 ºC for colour development.

Compound bands were used to calculate Rf values and the
values were compared between similar solvents leaves and
roots samples extracts.

UV-visible analysis: Plant extracts were re-dissolved in
dimethyl sulfoxide to constitute 10 mg/mL of the extracts and
diluted tenfold as described by Alebiosu and Yusuf [11], with
slight modification. UV-visible spectral profiles of the diluted
extracts were obtained using a CECIL 1021 spectrophotometer
(Labotec, South Africa). Wavelengths of maximum absorbance
were recorded and compared between similar solvent leaves
and roots samples extracts.

Phytochemical screening: Extracts of different samples
were screened for the presence of different phytochemicals
using different standard tests for each phytochemical group
as outlined in Table-1.

TABLE-1 
STANDARD PHYTOCHEMICAL SCREENING TESTS  

FOR DIFFERENT PHYTOCHEMICAL GROUPS 

Secondary 
metabolites 

Test performed Ref. 

Alkaloids Dragendorff’s test [12] 
Anthraquinones Borntrager's test [12] 
Cardiac glycosides Kellar-Kiliani test [13] 
Flavonoids Shinoda test [12] 
Phenols Phenol test [12] 
Reducing sugars Fehling test [14] 
Saponins Frothing test/Foam test [13] 
Steroids Liebermann-Burchardt test [12] 
Tannins Braemer’s test [13] 
Terpenoids Salkowski test [15] 

 
Quantitative phytochemical analysis

Total phenolic content: Total phenolic contents of the
extracts were determined through the Folin-Ciocalteu reagent
method as described by Ghasemzadeh et al. [16], with some
modifications. Briefly, 2.5 mL of 10 % Folin-Ciocalteu reagent
and 2 mL of 2 % solution of sodium carbonate were added to
1 mL of plant extract. The resulting mixture was incubated
for 15 min at room temperature. The absorbance of the samples
was measured at 765 nm. Gallic acid was used as a standard
(1 mg/mL). All tests were performed in triplicates. The results
were expressed as Gallic acid equivalent (mg GAE/g of extracted
plant material).

Determination of total tannin content: Total tannin
contents of the extracts were determined by Folin-Ciocalteu
method as described by Marinova et al. [17]. About 0.1 mL of
the sample extract was added to a volumetric flask (10 mL)
containing 7.5 mL of distilled water and 0.5 mL of Folin-
Ciocalteu phenol reagent, 1 mL of 35 % Na2CO3 solution and
dilute to 10 mL with distilled water. The mixture was shaken
well and kept at room temperature for 30 min. A set of reference
standard solutions of gallic acid (20, 40, 60, 80 and 100 µg/mL)
were also prepared. Absorbance for test and standard solutions
were measured against the blank at 725 nm with an UV/visible
spectrophotometer. The tannin content was expressed in terms
of gallic acid equivalence (mg GAE/g) of extract.

Total flavonoids content: Total flavonoid contents of the
extracts were determined using the aluminum chloride

[12]
[12]
[13]
[12]
[12]
[14]
[13]
[12]
[13]
[15]
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colorimetric method as described by Ghasemzadeh et al. [16],
with some modifications. Briefly, 1 mL of sample plant extract
was mixed with 3 mL of methanol, 0.2 mL of 10 % aluminum
chloride, 0.2 mL of 1 M potassium acetate and 5.6 mL of distilled
water and remains at room temperature for 30 min. The absor-
bance was measured at 420 nm. Quercetin was used as standard
(1 mg/mL). All the tests were performed in triplicates. Flavo-
noids contents were determined from the standard curve and
were expressed as quercetin equivalent (mg QE/g) of extracted
plant material.

Total saponins content: Total saponin contents of the
extracts were determined using the vanillin-sulphuric acid
colorimetric reaction as described by Makkar et al. [18]. About
50 µL of plant extract was added with 250 µL of distilled water.
To this, about 250 µL 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. The values were expressed as diosgenin equivalents
(mg DE/g extract) derived from a standard curve.

Statistical analysis: Quantitative data was analyzed for
significant difference amongst groups by analyses of variance
(ANOVA) using SPSS (version 12.00) statistical package, with
significant difference demonstrated at p < 0.05.

RESULTS AND DISCUSSION

The extracts of the leaves and roots samples of B. dinteri
from two locations with varying exposure to road-dust pollution
were subjected to TLC analysis, UV-visible analysis and
phytochemical screening. TLC chromatograms developed in
mobile phases of different polarities and sprayed with vanillin/
sulphuric acid reagent showed some differences in resolved
compounds bands amongst the extracts of the leaves and roots
samples from two locations, with some compound bands
visualized in samples from one location that are absent in
similar solvent extracts of the samples from another location.
The results of Rf values of TLC resolved compound bands are
presented in Table-2. The number of compound bands undetec-
ted on TLC chromatograms of samples from one location that
were present in samples from another location were recorded
and the results are presented in Table-3. A higher number of
such compound bands were recorded in leaves (34) compared
to those of the roots (23).

The UV-visible analysis and the phytochemical screening
results for the leaves and roots samples with varying exposure
to road-dust pollution are shown in Tables 4 and 5, respectively.
The recorded maximum absorbance wavelengths from the
absorbance spectra of extracts from both samples were mostly
similar with the exception of the acetone control leaf sample

TABLE-2 
Rf VALUES OF RESOLVED COMPOUND BANDS WITHIN THE EXTRACTS OF THE LEAVES AND ROOTS SAMPLES  

OF B. dinteri COLLECTED AT TWO LOCATIONS WITH VARYING EXPOSURE TO ROAD-DUST POLLUTION 

n-Hexane extracts Dichloromethane extracts Acetone extracts Methanol extracts 

LC LT RC RT LC LT RC RT LC LT RC RT LC LT RC RT 

Mobile phase: Hexane: Ethyl acetate (9:1, v/v); lower polarity 
0.10 

– 
– 

0.98 

0.10 
0.20 
0.38 
0.98 

– 
0.22 
0.40 

– 
0.60 
0.84 
0.96 

0.14 
0.25 
0.36 
0.53 
0.64 
0.75 
0.96 

– 
0.10 
0.16 
0.24 
0.30 

– 
– 

0.90 
– 

0.04 
– 
– 

0.24 
0.32 
0.50 
0.60 
0.92 
0.98 

0.10 
0.18 

– 
0.28 
0.32 
0.50 
0.60 
0.92 
0.98 

0.09 
0.18 
0.22 

– 
0.42 
0.50 
0.63 
0.84 
0.96 

– 
– 

0.30 
0.34 

– 

0.14 
0.24 
0.30 
0.34 
0.44 

0.02 
0.30 
0.83 
0.95 

0.03 
– 

0.82 
0.96 

0.02 
– 

0.36 

0.02 
0.30 

– 

0.04 
0.33 
0.82 
0.95 

0.03 
– 
– 
– 

Mobile phase: Chloroform: Methanol (9:1, v/v); intermediate polarity 
– 

0.36 
0.41 
0.90 

0.05 
– 
– 

0.90 

0.96 0.96 0.58 
0.76 
0.86 
0.96 

– 
– 

0.88 
– 

0.36 
0.56 
0.58 
0.64 

– 
0.88 
0.95 

0.36 
0.56 

– 
0.64 
0.73 

– 
0.96 

0.58 
0.76 

– 
– 

0.98 

0.58 
– 

0.84 
0.90 
0.98 

0.25 
0.32 
0.36 
0.40 
0.58 
0.64 
0.72 

– 
0.88 
0.98 

0.24 
0.32 
0.36 
0.40 
0.58 

– 
0.72 
0.76 
0.88 
0.98 

0.15 
0.20 
0.28 
0.36 
0.41 
0.58 
0.73 

– 
0.98 

– 
– 

0.32 
– 

0.40 
0.59 

– 
0.83 
0.98 

0.18 
0.24 
0.32 
0.36 
0.41 
0.58 
0.72 
0.75 
0.98 

0.18 
0.24 
0.32 
0.36 
0.42 
0.58 
0.72 

– 
0.96 

Mobile phase: Ethyl acetate: Methanol: Water (8:4:1, v/v/v); higher polarity 
– 

0.96 
0.50 
0.96 

0.83 
0.98 

– 
0.98 

0.76 
0.83 
0.86 
0.99 

– 
0.81 

– 
0.96 

0.83 
– 

0.96 

0.85 
0.93 
0.98 

0.76 
0.83 
0.86 
0.99 

0.76 
0.83 

– 
0.96 

– 
0.91 

– 

0.84 
0.91 
0.98 

0.32 
0.58 
0.63 
0.76 

– 
0.85 

– 
0.98 

– 
0.58 
0.63 
0.76 
0.83 
0.85 
0.88 
0.98 

– 
– 
– 
– 
– 
– 
– 

0.91 
– 

0.19 
0.32 
0.56 
0.65 
0.73 
0.76 
0.83 

– 
0.98 

LC: leaves control sample; LT: leaves test sample; RC: roots control sample; RT: roots test sample 
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extract, the acetone control root sample extract and the methanol
test sample extract whereby two wavelengths of maximum
absorbance were observed while not observed in their counter-
part sample extracts. The phytochemical screening results
showed most of the similarities in the phytochemical composi-
tions of the two plants samples (i.e., test and control samples)
with all tested phytochemicals present in one or more of the
extracts of the samples. Phytochemicals were mainly detected
to be present in the polar extracts (acetone and methanol extracts)
except for the steroids which were mainly present in the non-
polar extracts (n-hexane and dichloromethane extracts).

The quantitative phytochemical analysis of the leaves and
roots of the test and control samples are shown in Tables 6
and 7, respectively. The leaf extracts of the test sample showed
higher amounts of total phenolic, total tannin and total
flavonoid than those of the control sample. The roots extracts
of the test sample also showed higher total phenolic and total
flavonoid contents, while the control sample showed higher
total tannin contents. Total saponin contents were not signifi-
cantly different amongst the samples for both the leaves and
the roots.

Qualitative and quantitative phytochemical analysis of
medicinal plants is important as it affords the determination
of the nature of phytochemicals possessed by the different

TABLE-3 
UNDETECTED COMPOUND BANDS ON TLC CHROMATOGRAMS OF EXTRACTS OF B. dinteri LEAVES AND ROOTS SAMPLES 
FROM ONE LOCATION THAT ARE PRESENT IN SIMILAR SOLVENT EXTRACTS OF SAMPLES FROM THE OTHER LOCATION 

Number of bands 
Mobile phase 

Leaves control sample Leaves test sample Roots control sample Roots test sample 
Hexane: Ethyl acetate  (9:1, v/v) 10 3 3 5 
Chloroform: Methanol (9:1, v/v) 4 10 2 4 
Ethyl acetate: Methanol: Water (8:4:1, v/v/v) 3 4 8 1 

TOTAL 17 17 13 10 
 Total per parts Leaves: 34* Roots: 23* 

*Significantly different at p < 0.05 

 
TABLE-4 

MAXIMUM ABSORBANCE WAVELENGTHS (λmax) RECORDED FOR EXTRACTS OF THE LEAVES AND  
ROOTS SAMPLES OF B. dinteri WITH VARYING EXPOSURE TO ROAD-DUST POLLUTION 

λmax values (nm) 
Samples 

n-Hexane extracts Dichloromethane extracts Acetone extracts Methanol extracts 
Leaves control sample 200 200 200, 260 200 
Leaves test sample 200 200 200 200  
Roots control sample 200 200 200, 260 200  
Roots test sample 200 200 200 200, 320 

 
TABLE-5 

PHYTOCHEMICAL SCREENING OF THE EXTRACTS OF THE LEAVES AND ROOTS  
SAMPLES OF B. dinteri WITH VARYING EXPOSURE TO ROAD-DUST POLLUTION 

Hexane DCM Acetone Methanol 
Phytochemicals 

LC LT RC RT LC LT RC RT LC LT RC RT LC LT RC RT 
Alkaloids – – – – – – – – + + + + + + + + 
Flavonoids – – – + – – – + ++ ++ ++ ++ + + + ++ 
Glycosides – – – + + + + ++ ++ ++ ++ ++ ++ ++ ++ ++ 
Phenols – – – – – + + – + ++ – + + ++ ++ ++ 
Saponins – – – – – – – – – – – – + + + + 
Steroids + + + + + – + + – – – ++ – – – + 
Tannins – – – – + + + – – + + + ++ + + ++ 
Terpenoids – – + + – – – + + + + + + + + + 
LC: leaves control sample; LT: leaves test sample; RC: roots control sample; RT: roots test sample 

 
plants parts as well as their amounts [19]. In the present study
the nature of phytochemicals present in the leaves and roots
of two samples of B. dinteri collected from two locations in
Limpopo province (South Africa) with varying exposure to
road-dust pollution were determined through thin layer
chromatography, UV-visible analysis and chemical screening
tests. In addition, the amounts of phytochemicals within the
plant sample extracts were determined through spectrophoto-
metric analysis.

The results obtained through the three analytical tech-
niques for phytochemical analysis all showed only slight diffe-
rences in the phytochemical composition profiles of the samples
of B. dinteri with varying exposure to road-dust pollution.
Through TLC analysis, the results showed slight differences
in the polarities of compounds possesses by the leaves and
roots of B. dinteri samples from the two locations, with many
differences shown by Rf values of detected compound bands
observed and recorded in the leaves samples as (Table-3). In
addition, slight differences were seen in the light absorbance
patterns of compounds possessed by the extracts of the samples
from the two locations as depicted by slight differences in the
maximum absorbance wavelengths of similar solvent extracts.
Furthermore, slight differences were also seen in the phyto-
chemical compositions of the extracts of the samples from the
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two locations as determined through phytochemical screening
tests. However, it is worth noting that the three techniques
used in this study are limited to the detection of the classes of
compounds present in plants extracts with less specificity to
the actual compounds [20].

In contrast to the qualitative analysis results, the quantita-
tive analysis results showed significantly different (i.e., p <
0.05) amounts of almost all analyzed phytochemicals between
the test and control samples. In this regard, higher amounts of
total phenolic, total tannin and total flavonoid contents were
found in the test leaves sample as compared to those of the
control leaves sample. Higher amounts of total tannin and total
flavonoid contents were also found in the test roots sample
compared to those of the control roots sample. However, the
higher amounts of total tannin was found in the control roots
sample as compared to those of the test sample control. Further-
more, the total saponin contents were not significantly different
(i.e., p > 0.05) for both the leaves and roots samples. This
non-conformity in the trend of quantitative results regarding
which sample, either the test sample or the control sample,
have higher amounts of phytochemicals throughout suggest
an element of specificity of affected phytochemicals for their
accumulation in plant parts. The results of the current study
are therefore in agreement with the findings of Gololo et al.
[21] on the specificity of the accumulation of phytochemicals
in plants. The effect of road-dust pollution on the quality and
quantity of phytochemicals in the leaves and roots of B. dinteri
is reported here for the first time.

Conclusion

The results of the present study suggest that the differences
in exposure to road-dust pollution have moderate effect on
the quality of the phytochemical composition of the leaves

TABLE-7 
QUANTITATIVE PHYTOCHEMICAL ANALYSIS OF THE ROOTS OF B. dinteri  

WITH VARYING EXPOSURE TO ROAD-DUST POLLUTION 

Total phenolic content (mg 
GAE/g extract dry weight) 

Total tannin content (mg 
GAE/g extract dry weight) 

Total flavonoid content (mg 
QE/g extract dry weight) 

Total saponin content (mg 
DE/g extract dry weight) 

Extracts 
Test  

sample 
Control 
sample 

Test  
sample 

Control 
sample 

Test  
sample 

Control 
sample 

Test  
sample 

Control 
sample 

n-Hexane nd nd nd nd nd nd 0.407±0.065 0.245±0.194 
Dichloromethane nd nd nd nd nd nd nd nd 
Acetone 3.16±0.242 0.610±0.030 2.17±0.352 6.71±0.040 2.98±0.286 0.087±0.222 0.369±0.840 0.162±0.082 
Methanol 1.72±0.032 1.62±0.001 4.46±0.346 14.3±0.356 3.56±0.167 0.931±0.125 0.380±0.242 0.546±0.417 
Total 4.88* 2.23* 6.57* 21.0* 6.54* 1.02* 1.16 0.953 
*Significantly different at p < 0.05; nd: not determined. 

 

TABLE-6 
QUANTITATIVE PHYTOCHEMICAL ANALYSIS OF THE LEAVES OF B. dinteri  

WITH VARYING EXPOSURE TO ROAD-DUST POLLUTION 

Total phenolic content (mg 
GAE/g extract dry weight) 

Total tannin content (mg 
GAE/g extract dry weight) 

Total flavonoid content (mg 
QE/g extract dry weight) 

Total saponin content (mg 
DE/g extract dry weight) 

Extracts 
Test  

sample 
Control 
sample 

Test  
sample 

Control 
sample 

Test  
sample 

Control 
sample 

Test  
sample 

Control 
sample 

n-Hexane nd nd 0.500±0.28 0.026±0.098 nd nd nd nd 
Dichloromethane nd nd nd nd nd nd nd nd 
Acetone 6.93±0.980 2.35±0.360 19.0±0.080 9.81±0.167 1.42±0.152 0.117±0.190 0.45±0.760 0.50±0.147 
Methanol 0.763±0.016 0.400±0.500 7.63±0.242 10.3±0.082 0.49±0.480 0.39±0.082 0.68±0.250 0.70±0.225 
Total 7.69* 2.75* 27.1* 20.1* 1.91* 0.507* 1.13 1.20 
*Significantly different at p < 0.05; nd: not determined. 

 

and roots of Barleria dinteri, although substantial effects could
be seen in the quantity or accumulation of its phytochemicals.
It appears, the most affected part of B. dinteri in the phyto-
chemical composition upon exposure to road-dust pollutionis
the leaves. The leaves are part of the above ground plants parts
that are naturally exposed to dust pollution that might inform
the observed results in the present study. The findings of the
current study therefore supports the general principle that
phytochemical composition of plants is affected by environ-
mental conditions in which they are growing.
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