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Abstract

Received:

Rooibos (Aspalathus linearis (Brum.f) Dahlg.), is an economic plant of South
Africa known to be a rich source of phytochemicals, including its health beneficial
polyphenols thereby ascribed a global recognition in the preparation of herbal tea. In
this study, chloroform and ethanol extracts of both green and fermented rooibos were
subjected to preliminary phytochemical and thin layer chromatography (TLC) using
anti-tyrosinase bio-autographic screening. The most bioactive green rooibos ethanolic
extract (GRE) was fractionated using a gradient of TLC-guided column chromatographic
method. The constituents of the fractions obtained were identified by analytical highperformance liquid chromatography/ultra-violet detector (HPLC/UV). In vitro biological
activities demonstrated by GRE/FRE (fermented rooibos ethanol extract) include: skin
depigmentation (85.837 ± 1.722/58.703 ± 4.184 % at 1 mg/mL); Iron (II)-induced lipid
peroxidation inhibition (59.170 ± 0.869/42.344 ± 1.655 at 1 mg/mL); ORAC and TEAC
(38.653 ± 0.761/10.317 ± 2.722 and 7.320 ± 2.465/2.559 ± 3.601) µM TE/g X 103 and
FRAP (6.187 ± 0.014/1.156 ± 0.220) µM AEE/g X 103 respectively. Most of the activities
demonstrated by GRE were in competitive manner to that of the commercial skin
depigmenting agent kojic acid with % inhibition of 99.179 ± 0.945 % at 1 mg/mL and that
of antioxidant EGCG with 83.062 ± 0.309 % at same concentration. The results obtained
propose the unfermented rooibos to have good antioxidant and tyrosinase inhibitory
activity as an indication of having diverse health promoting properties, especially to
alleviate the occurrence of diseases associated with oxidative stress thereby promoting
its universal acceptability as both economic and medicinal plant.
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Introduction
Oxygen has positive benefits and potentially damaging
properties in biological systems. It is a highly reactive molecule,
which participates in a high-energy electron transfer and through
oxidative phosphorylation thereby supports generation of
adenosine-5-triphosphate (ATP) [1]. This makes reactive oxygen
species (ROS) liable to attack any biological molecule including
cellular components such as lipids, deoxyribose nucleic acid (DNA)
and proteins by accepting their electrons [2]. Such interactions
may result in cellular damage such as lipid peroxidation, protein
fragmentation, charge alteration, conformational changes,

alteration of gene expression [3], and most importantly, premature
skin aging such as formation of pigment on the surface of the skin
[4], leading to biological implications of diseases associated with
oxidative stress [5].

Aspalathus linearis (Brum.f Dahlg.) globally known as rooibos is
a fynbos species, which grows naturally in the Cederberg Mountains,
western parts of the Western Cape Province, South Africa. The
rooibos plant has made the transition from being a wild resource to
become a plant of great agricultural and economic importance [6]
with total production including unfermented rooibos was in excess
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of 14,000 tons [7]. It is people’s belief that rooibos tea possesses
antispasmodic properties, as well as to relieve digestive troubles
among others [8, 9].

After harvesting, the plant material can be subjected to a
fermentation process where it is bruised and oxidized in open air.
The processed tea is referred to as fermented rooibos, while the
unprocessed tea is referred to as “green” or unfermented rooibos
[10]. In both green and fermented rooibos, phenolic compounds
are present, but the concentration of polyphenols and flavonoids
decrease during the fermentation process. An analysis of both
plants has showed a higher total polyphenol content in green (41.2
%) than in fermented rooibos (29.7 %). The decrease of polyphenols
in fermented rooibos was mostly caused by loss of flavonoids [11].
The differences are ascribed to the enzymatic and chemical changes
during fermentation, and the drying method used [12]. Rooibos
have a unique flavonoid composition, containing rare compounds
as previously described [13-16], with varying degree of biological
potentials including antimutagenic [17], highly active free radical
scavenger [18], lowering of oxidative stress through scavenging of
ROS, reducing free radical generation, anti-inflammatory and anticarcinogenic effects [19], and anti-lipid peroxidative potential [20].
Health beneficial effect of daily consumption of both fermented
and green rooibos were also established and found to possess good
antioxidant capacity by improved lipid profile as well as redox status,
thereby averting ailments associated with cellular oxidative stress
[21]. Scientific database has documented numerous phytochemical,
biological and health beneficial effect of rooibos. Nevertheless, skin
depigmentation property this plant has not been investigated. This
study is therefore important to establish a background information
on possibility of alleviating the formation of pigments on the
surface of the skin using either green or its fermented plant. Other
skin aging related biological implications were also assessed on the
two plant materials in an in vitro system.

Materials and Methods
Chemicals and reagent

Kojic acid, epigallocatechin gallate (EGCG), 6-hydroxy-2,5,7,8tetra-methylchroman-2-carboxylic acid (Trolox), 2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid)
diammonium
salt (ABTS), potassium peroxodisulphate, fluorescein sodium
salt,
2,2’-azobis(2-mehtyl-propionamidine)
dihydrochloride
(AAPH), 2,4,6-tri[2-pyridyl]-s-triazine (TPTZ), iron (III) chloride
hexahydrate, monosodium phosphate, disodium phosphate and
skin enzyme tyrosinase (from mushroom) were purchased from
Sigma-Aldrich, Inc. (St. Louis, MO, USA). Methanol, ethanol, ethyl
acetate, dimethyl sulfoxide (DMSO), chloroform, vanillin sulphuric
acid, L-tyrosine, trifluoroacetic acid (TFAA), sodium acetate, glacial
acetic acid, hydrochloric acid (HCl), L-ascorbic acid, trichloroacetic
acid (TCA), ethylenediaminetetraacetic acid (EDTA), butylated
hydroxytoluene (BHT), iron (II) sulfate (FeSO4), potassium chloride
(KCl), potassium phosphate (KH2PO4), gallic acid, tert-butyl alcohol
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(TBA), acetonitrile and hexane were purchased from Pascal
scientific Ltd (Akure, Nigeria).

Preparation of plant extracts

Green and fermented rooibos plant material from Clan William
in the Cederberg region (32°30′S 19°0′E), Western Cape, South
Africa, was supplied by Rooibos Ltd. Both samples, 200 g each,
were extracted with chloroform (20 % m/v) for 24 hours at room
temperature (25 ºC), then filtered through filter paper (Whatman
No. 2) to remove chlorophyll and lipophilic constituents. The
plant materials (residue) were further extracted with absolute
ethanol (20 % m/v) for 24 hours at room temperature (25 ºC)
and filtered. The chloroform and ethanol filtrates of both samples
were evaporated to dryness under reduced pressure using a rotary
evaporator (BÜCHI Rotavapor R-114) at 35 ºC, to produce two
different extracts of chloroform and ethanol, and stored at 4 ºC.

Preliminary phytochemical screening of plant extracts

1 mg of the dried ethanol and chloroform extracts from both
fermented (FRC & FRE) and green (GRC & GRE) rooibos were

dissolved in 1 mL ethyl acetate (1 mg/mL) for TLC-profiling. The
samples (50 µL each) were spotted on commercial silica PF254
plate (7 x 6 cm) coated on aluminum foil as stationary phase with
spotting capillary tube. A 5 mL solution of hexane and ethyl acetate
(9:1, v/v) was used as the mobile phase in a chromatographic tank.
The development of the plate was done followed by identification of
the class of organic constituents in the extracts under UV lamp (254
and 366 nm) and then vanillin sulphuric acid spray reagent.

Preliminary anti-tyrosinase TLC bio-autography
screening of plant extracts

The TLC bioautographic assay of tyrosinase inhibition was
performed as described previously with slight modifications [22].
Phosphate buffer (PBS) was prepared by mixing two stock solutions
of monosodium phosphate 50 mM and disodium phosphate 50 mM
to the pH 6.5. Tyrosinase solution was prepared by dissolving 1 mL
of 1000 U enzyme in 1 mL of phosphate buffer. The substrate was
prepared by dissolving 0.0036 g of L-tyrosine in 10 mL phosphate
buffer. Extracts and kojic acid were dissolved in methanol to a
stock solution of 1 mg/mL. After spotting 15 µL of the extracts
and kojic acid (positive control) onto the TLC plate, the plate was
developed using solvent system hexane:ethyl acetate (7:3 v/v). The
developed plate was then sprayed with tyrosinase and incubated at
room temperature for 5 min, followed by L-tyrosine (20 mM) and
left at room temperature for 30 min. The background of the plate
assumed a purplish-grey colour and clear white zones of tyrosinase
inhibition were observed, indicating the presence of bioactive
constituents in the samples.

TLC-guided column chromatographic fractionation

The most bioactive extract (GRE) was subjected to TLC- guided
column chromatography. The fermented rooibos ethanol extract
(GRE, 5.5 g) was dissolved in ethyl acetate and pre-adsorbed onto
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silica in a petri dish for 5 hours. The column (24 x 14 cm) was packed
with silica and added to the top of the stationary phase. The flow rate
(8.5 mL/min) of the mobile phase solvent system was a gradient of
hexane, ethyl acetate and methanol. The collected fractions (GRE
1-19) were concentrated under reduced pressure (rotavapor)
and developed on TLC with solvent systems (Hexane:ethyl acetate
9:1; 7:3; 1:1). Fractions of the same TLC characteristics under UV
(254; 366 nm) and when sprayed with vanillin sulphuric acid were
combined to yield 9 main fractions coded GRE I-IX.

Determination of constituents of GRE using HPLC/UV

Determination of polyphenolic compounds from combined
fractions labelled I-IX was carried out on a reverse-phase analytical
HPLC. This was done using Agilent 1200 series, equipped with UVdetector, automatic injector, quaternary pump, vacuum degasser
and column compartment. The UV-detector was set at 287 nm
for detection of aspalathin and 360 nm for detection of all other
compounds, with a bandwidth of 4 nm. The mobile phases were
made up of water and acetonitrile containing a diluted (0.03%)
trifluoroacetic acid (TFAA). The elution process was carried out
using various time dependent compositions of the mobile phases
as acetonitrile/water: 35/65 at 5 min; 80/20 at 25 min; 35/65 at
28 min; 35/65 at 30 min. The entire experiment was carried out at
23 °C with silica column C-18-micron, internal diameter: 150 x 4.60
mm. The flow rate was set at 1 mL/min and the injection volume
was 2 µL.

Ferric-Reducing Antioxidant Power (FRAP) assay

FRAP was measured according to the method described [23].
FRAP reagent was prepared by mixing 30 mL acetate buffer, 3 mL
TPTZ solution, 3 mL FeCl3 solution, and 6.6 mL distilled water in a
50 mL screw cap tube. 10 µL of the samples, ascorbic acid standards,
and EGCG control was added in triplicates in designated wells in
a clear well plate. 300 µL of the FRAP reagent was added to each
well using a multichannel pipette. The plate incubated in the dark
at room temperature for 30 minutes before reading. The samples
were measured at 593 nm.

Trolox-Equivalent Antioxidant Capacity (TEAC) assay

TEAC was measured according to the method described [23].
The ABTS mix was diluted with ethanol to read an absorbance
of 2 (± 0.1) in the plate reader. 25 µL of the trolox standards, the
samples and the EGCG as positive control were added in triplicates
to designated wells in a clear well plate. 275 µL of the ABTS mix
was added to each well using a multichannel pipette. The plate
incubated in the dark at room temperature for 30 minutes before
reading. The samples were measured at 734 nm.

Oxygen Radical Absorbance Capacity (ORAC) assay

ORAC was measured according to the method described
[24]. Trolox standard series were diluted in PBS (75 mM, pH
7.4) which was previously prepared by mixing 18 mL of 75 mM
sodium phosphate with 82 mL of 75 mM disodium phosphate. 12
µL of trolox standards and samples were added in triplicates to
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designated wells in a black 96-well plate. Fluorescein stock solution
was previously prepared by dissolving 0.0225 g fluorescein sodium
salt (C20H10Na2O5) in 50 mL PBS. This solution was diluted by
adding 10 µL fluorescein stock solution to 2 mL phosphate buffer,
and then further diluted 240 µL of the new solution in 15 mL PBS.
138 µL of fluorescein stock solution diluted in PBS was added to
each of the wells. 50 µL of peroxyl radical AAPH dissolved in PBS to
a concentration of 25 mg/mL, was added to each well. The decay in
fluorescence was measured with a fluorescence detector at 486 nm
excitation and 538 nm emission wavelengths. The ORAC value was
calculated by dividing the sample curve-area by the trolox curvearea.

Fe (II)-Induced microsomal lipid peroxidation (LPO)
assay

LPO was measured according to the method described
(Snijman et al. 2009) with some modifications [4]. TCA –EDTA
solution was prepared by dissolving 10 g of TCA and 29.2 mg of
EDTA in 100 mL distilled water, then a BHT solution was made by
dissolving 0.8 g BHT in 10 mL ethanol. TCA reagent (10 % TCA,
BHT & 1 mM EDTA) was then made by adding 0,125 mL of the BHT
solution to 100 mL TCA-EDTA solution. TBA (0.67 %) solution was
prepared by dissolving 0.67 g of TBA in 100 mL distilled water.
FeSO₄ solution was prepared by dissolving 139 mg of FeSO₄·7H₂0
in 200 mL distilled water, to a 2.5 mM solution. KCl-buffer with 1.15
% KCl containing 0.01 M potassium phosphate buffer (pH 7.4) was
previously made by dissolving 1.15 g KCl and 1.7418 g K₂HPO₄
and 1.3699 g KH₂PO₄ in 100 mL distilled water. Microsome blank
was prepared by mixing 0.5 mL KCl-buffer and 0.5 mL microsomes
to a total volume of 1 mL. EGCG was used as positive control. The
samples and positive controls was prepared by incubating a mix
of 50 µL anti-oxidative solution corresponding to either the plant
extracts or the positive controls and 300 µL microsomes at 37 °C
for 30 min in a shaking water bath, before 100 µL of FeSO₄-solution
and KCl-buffer was added. The samples were then incubated at
37°C for 1 hour in a shaking water bath. After the incubation 1
mL TCA reagent was added to each tube and further vortexed and
centrifuged at 2000 rpm for 15 min. After the centrifugation 1 mL
of the supernatant was removed and added to new test tubes in
which 1 mL 0.67 % TBA solution was added. The samples were
further vortexed and heated for 20 min at 90°C in a water-bath.
The microsomes, positive controls, and samples were then added
in triplicates in designated wells in a clear well plate. The samples
were measured at 532 nm.
% inhibition = [(Acontrol – Asample) / Acontrol] x 100

Tyrosinase enzyme assay

This assay was performed using a spectrophotometric method
previously described [26]. PBS (50 mM) was prepared to pH 6.5.
Reagent blank (negative control) contained sodium phosphate
buffer and enzyme without any inhibitor. Kojic acid was used
as positive control. In the wells of a 96-well plate, 70 µL of each
sample working solution was combined with 30 L of tyrosinase
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(200 Units/mL in sodium phosphate buffer) in triplicate. Parallel
to these wells’ samples were added in triplicate with buffer instead
of enzyme as sample control. After incubation at room temperature
for 5 min, 110 L of substrate (2 mM L-Tyrosine) was added to each
well. 2 mM L-tyrosine was prepared by mixing 0.036 g L-tyrosine in
100 mL distilled water. Incubation commenced for 30 min at room
temperature and the enzyme activity was determined by measuring
the absorbance at 490 nm. The percentage of tyrosinase inhibition
was calculated as follows:
Tyrosinase inhibition (%) = [(A - B) - (C - D)] / (A - B) × 100

Table 1: Extraction and % yield of plant material.
Plant material
Green Rooibos: 200 g

B=Absorbance of the control without enzyme
C = Absorbance of sample with enzyme;

D = Absorbance of sample without enzyme

Results and Discussion
Plant extraction

The results of extraction of the plant materials (rooibos: green
and fermented) using two different organic solvents: chloroform
and then ethanol are depicted in Table1.

CODE

Solvent

Weight of Extract (g)

% Yield

GRC

Chloroform

1.361

0.68

FRC

Chloroform

1.327

0.66

GRE

Fermented Rooibos: 200 g

A = Absorbance of control with enzyme;

Ethanol

FRE

6.575

Ethanol

5.843

3.29

2.92

GRC: chloroform extract of green rooibos; GRE: ethanol extract of green rooibos;FRC: chloroform extract of fermented rooibos ; FRE:
ethanol extract of fermented rooibos
The ethanol extract of both green (GRE) and (GRC) were found
to possess higher % yields (3.29 and 0.68 respectively) than their
corresponding fermented extracts (FRE and FRC). This can be
ascribed to loss in the concentration of polyphenols and flavonoids
during the fermentation process [11]. The ethanol extracts of both
green and fermented were found to lower than their chloroform
counterparts possibly due to the polar nature of ethanol with
polarity almost similar to that of water, a universal solvent widely
employed traditionally and in rooibos herbal tea preparation.

Preliminary phytochemical and anti-tyrosinase TLC
bio-autographic screening

The results of the preliminary phytochemical screening of the
total extracts using solvent system (hexane:ethyl acetate 9:1 v/v)
followed by vanillin sulphuric acid spray for identification of the
class of organic compounds and finally investigated the tyrosinase
bioautographic profile. The plates were visualized under UV lamp
at wavelengths 254 nm and 366 nm. The presence of visual bands
Table 2: Extraction and % yield of plant material.

at 254 nm represents conjugated compounds most especially
polyphenols. GRE showed diverse class of organic compounds after
sprayed with vanillin sulphuric acid, compared to other extracts
(FRE, GRC & FRC). GRE and the positive control (kojic acid; KA)
also proved to have significant inhibitory effect on the tyrosinase
enzyme when compared to other extracts. The background of the
plate assumed a purplish-grey colour and clear white zones of
tyrosinase inhibition were observed, indicating the presence of
bioactive constituents with anti-tyrosinase activity in the samples.
The number of bands (constituents) present in GRE coupled with
anti-tyrosinase bio-autographic profile nominated this extract
(GRE) as the most bioactive and therefore selected for further
chemical and biological activities. The quantitative analysis for the
total antioxidant revealed GRE with potent ORAC (38.653 ± 0.761µM
TE/g x 10³); FRAP 6.187 ± 0.014 µM AAE/g x 10³) and TEAC 7.320
± 2.465 µM TE/g x 10³). Other biological activities demonstrated by
other fractions are reported in Table 2.Total Antioxidant capacities
and Skin depigmentation Activities of Extracts.

Extract

ORAC (peroxyl)
(µM TE/g x 10³)

FRAP
µM AAE/g x 10³

TEAC
µM TE/g x 10³

LPO
% inhibition

TYR
% inhibition

GRE

38.653 ± 0.761

6.187 ± 0.014

7.320 ± 2.465

59.170 ± 0.869

85.837 ± 1.722

GRC

5.059 ± 11.437

0.288 ± 31.197

0.408 ± 2.013

25.799 ± 2.988

33.240 ± 5.913

6.428 ± 20.478

1.665 ± 0.167

FRE
FRC

EGCG

Kojic acid

10.317 ± 2.722
4.238 ± 24.194
-

1.156 ± 0.220
0.168 ± 6.193
-

2.559 ± 3.601
0.385 ± 2.363
1.907 ± 8.569
-
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21.817 ± 5.578
83.062 ± 0.309
83.062 ± 0.309

58.703 ± 4.184
17.816 ± 2.776
-

99.179 ± 0.945
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TLC-guided chromatographic fractionation of GRE
The main fractions GRE (1-19), were combined according
to their TLC characteristics to yield nine (9) combined fractions
coded by roman numbers GRE (I-IX) and the chromatograms are
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presented in Figures 1-3. The combined fractions were developed
on TLC (solvent systems hexane:ethyl acetate 9:1; 7:3; and 1:1),
viewed under UV at 254 nm (Figure 1), 366 nm (Figure 2), then
sprayed with vanillin sulphuric acid (Figure 3).

Figure 1: Phytochemical screening of collected fractions 1-19 and the total extract on TLC-plates (A), (B) and (C), with solvent
system (Hex:EtAc, 9:1) for (A), and (Hex:EtAc, 3:7) for (B) and (Hex:EtAc, 1:1) for (C). Plates (A), (B) and (C) is displayed at 254
nm UV-light.

Figure 2: Phytochemical screening of collected fractions 1-19 and the total extract on TLC-plates (A), (B) and (C), with solvent
system (Hex:EtOAc, 9:1) for (A), and (Hex:EtAc, 3:7) for (B) and (Hex:EtOAc, 1:1) for (C). Plates (A), (B) and (C) were viewed
under UV lamp at 366 nm UV-light.

Figure 3: Phytochemical screening of collected fractions 1-19 and the total extract on TLC-plates (A), (B) and (C), with solvent
systems (Hex:EtOAc, 9:1) for (A), and (Hex:EtOAc, 3:7) for (B) and (Hex:EtOAc, 1:1) for (C).The plate were sprayed with
vanillin sulphuric acid.

HPLC Identification of compounds
Compounds identified from the HPLC spectral of GRE as well as
their respective total antioxidant capacities are indicated in Table

3. Fractions VII, VIII and XI demonstrated the most active in peroxyl
ORAC, FRAP and TEAC assays. The importance of quercetin and
luteolin as potential antioxidants cannot be left out in the outcome
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of the results presented in Table 3 [27]. Our results aligned with
previous data indicating FRE (VIII-IX) where compounds quercetin,
luteolin and chrysoeriol were found to be the most prominent
peaks. Such compounds are therefore likely to be responsible for
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the total antioxidant activities observed in the assays. This further
indicates the importance of quercetin, luteolin and chrysoeriol in
combating the pathological effects caused by free radicals, as are
known to play an important role in free radical neutralization [27].

Table 3: Total antioxidant activities of the column chromatographic fractions.
Fraction

Compound identified

ORAC
ROO• (µM TE/g x 10³)

FRAP
µM AAE/g x 10³

TEAC
µM TE/g x 10³

GRE

Aspalathin (6.6), isovitexin (9.0), vitexin
(10.6), hyperoside/rutin (12.1), quercetin
(17.3), luteolin (18.3), chrysoeriol (20.5)

38.653 ± 0.761

6.187 ± 0.014

7.320 ± 2.465

Hyperoside/rutin (12.2), quercetin (17.2),
luteolin (18.3), chrysoeriol (20.1)

0.764 ± 12.336
1.200 ± 9.036

1.049 ± 0.385

1.331 ± 11.147

ND

9.238 ± 6.525

1.163 ± 1.932

I

Hyperoside/rutin (12.1), quercetin (17.2),
luteolin (18.3), chrysoeriol (20.2)

III

ND

II

IV
V

VI
VII

Vitexin (10.5), quercetin (17.0), luteolin
(19.9), chrysoeriol (20.2)

1.149 ± 14.463

1.009 ± 16.878

1.093 ± 3.301

0.504 ± 4.999

1.935 ± 22.318

Orientin (6.9), vitexin (10.5), quercetin
(17.0), luteolin (18.5), chrysoeriol (20.2)

5.475 ± 15.354

Orientin (6.7), vitexin (10.6), hyperoside/
rutin (11.8), quercetin (17.2), luteolin
(18.2), chrysoeriol (20.3)

5.393 ± 11.720

0.838 ± 6.651

0.424 ± 9.020

46.806 ± 15.561

2.874 ± 0.078

4.701 ± 2.349

Vitexin (10.3), quercetin (17.7), luteolin
(18.3), chrysoeriol (20.3)

62.618 ± 12.408
75.842 ± 4.815

8.263 ± 0.027

4.071 ± 76.685

1.665 ± 0.167

1.907 ± 8.569

Vitexin (10.6), hyperoside/rutin (11.7),
quercetin (17.0), luteolin (18.1),
chrysoeriol (20.2)

VIII

Aspalathin (6.6), quercetin (17.1), luteolin
(18.3), chrysoeriol (20.4)

EGCG

-

IX

7.858 ± 9.062

0.428 ± 9.514

6.428 ± 20.478

12.342 ± 0.045

Figures in the bracket represent retention time measured in minute; ND: not detected

Skin pigmentation inhibitory activity and LPO inhibition
The tyrosinase enzyme assay reveals that GRE shows efficient
tyrosinase inhibition with 85.837 ± 1.722 % at 1 mg/mL while that
of FRE could not be detected. Nevertheless, the collected fractions
from this extract shows potent inhibitory effect. Fraction VI, VII
and IX shows the potent tyrosinase inhibition of 86.823 ± 3.645;
71.552 ± 0.776 and 66.544 ± 11.732 % inhibition respectively
at 1 mg/mL (Table 4) while kojic acid shows near full inhibition
at same concentration. The LPO result indicated FRE had most
inhibitory effect on lipid peroxidation (59.170 %) of all total
extracts Fractions (Table 2), while fractions VIII and IX had most
inhibitory effect on lipid peroxidation with 65.059 ± 0.538 and
61.582 ± 0.879 in % inhibition respectively at 1 mg/mL (Table 4).
This is an indication that these fractions contain quercetin, luteolin

20.909 ± 1.710

and chrysoeriol with abilities to inhibit degradation of lipids due
to oxidative damage. Consequently, antioxidants are essential in
quenching ROS responsible for oxidative stress in tissue [3,28,29].
Quercetin, luteolin and chrysoeriol were the major components
identified from the column fractions GRE (I-IX). The biological
activities demonstrated by fractions VII-IX may be attributed to
the presence of quercetin, luteolin and chrysoeriol, while the antityrosinase activity of fraction VI may be attributed to vitexin and
rutin as well as quercetin and luteolin [30]. Rutin is also known to
possess tyrosinase inhibitory effect due to its phenolic groups and
exerts its inhibitory effect through copper-chelation [31]. The antityrosinase activity demonstrated by fraction VI (86.823 %) may be
linked with previous activities demonstrated and documented by
the identified compounds [32-34].

Table 4: Skin depigmentation and anti-lipid peroxidation activities of the column chromatographic fractions.
Fraction

Compound identified

Lipid peroxidation
(% inhibition)

Tyrosinase
(% inhibition)

GRE

Aspalathin (6.6), isovitexin (9.0), vitexin (10.6), hyperoside/rutin
(12.1), quercetin (17.3), luteolin (18.3), chrysoeriol (20.5)

59.170 ± 0.869

85.837 ± 1.722

II

Hyperoside/rutin (12.2), quercetin (17.2), luteolin (18.3),
chrysoeriol (20.1)

48.233 ± 1.41

I

Hyperoside/rutin (12.1), quercetin (17.2), luteolin (18.3),
chrysoeriol (20.2)

Copyright@ Olugbenga Kayode Popoola | Biomed J Sci & Tech Res | BJSTR. MS.ID.003481.

2.075 ± 40.530

59.031 ± 11.301
26.806 ± 2.776
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III
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ND

29.164 ± 3.508

19.721 ± 9.403

Orientin (6.9), vitexin (10.5), quercetin (17.0), luteolin (18.5),
chrysoeriol (20.2)

17.611 ± 3.980

19.816 ± 4.913

38.923 ± 0.432

71.552 ± 0.776

IV

Vitexin (10.5), quercetin (17.0), luteolin (19.9), chrysoeriol (20.2)

VI

Vitexin (10.6), hyperoside/rutin (11.7), quercetin (17.0), luteolin
(18.1), chrysoeriol (20.2)

VIII

Aspalathin (6.6), quercetin (17.1), luteolin (18.3), chrysoeriol
(20.4)

V

VII

Orientin (6.7), vitexin (10.6), hyperoside/rutin (11.8), quercetin
(17.2), luteolin (18.2), chrysoeriol (20.3)

IX

Vitexin (10.3), quercetin (17.7), luteolin (18.3), chrysoeriol (20.3)

Kojic acid

-

EGCG

-

17.386 ± 2.560
24.397 ± 2.422

65.059 ± 0.538

Over-accumulation of free radicals, specifically ROS is the
primary cause of cellular oxidative stress and skin aging problems.
These ROS are unstable molecules, they therefore interact with
cellular components in order to become stable. These interactions
may lead to cellular damage such as lipid peroxidation, protein
fragmentation and skin aging. Effect of fermentation on green
rooibos have been demonstrated and established from this study.
Such effect resulted into enzymatic oxidation and chemical changes
leading to changes in the composition of bioactive constituents
thereby reading its biological activities. Further studies can further
include in vivo investigation of the fractions and or compounds
identified by HPLC on alleviating other factors of premature skin.
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