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a b s t r a c t

Absolute methanol extract leaf of Costus afer was comprehensively investigated for free radical scav-
enging activities and antioxidant activities using battery of testing: 1, 1-diphenyl-2-picrylhydrazyl
(DPPH) scavenging, hydroxyl radical scavenging, hydrogen peroxide radical scavenging, 2, 2′-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) scavenging, nitric oxide inhibition, anti-lipid peroxi-
dation, ferrous chelating potential, reducing power potential, total antioxidant capacity, cupric reducing
antioxidant capacity CUPRAC and ferric reducing antioxidant power (FRAP). The content of phenol,
flavonoid, cupric, anthocyanin were also investigated. The results suggest that the antioxidant poten-
tials of the extract may be responsible for its medicinal potentials. Cell viability assay revealed that up
to12 �g/ml of the extract is safe for Chang liver cell and no sign of toxicity was observed after the extract
treatment of 2000 mg/kg in albino rats.

© 2018 “Society information”. Production and hosting by Elsevier B.V. on behalf of KeAi
Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Free radicals such as reactive oxygen species (ROS) and reactive
nitrogen species (RNS) are known to causes damage to the cellular
biomolecules, resulting degenerative diseases. Antioxidants pre-
vent the oxidative damage caused by free radicals. Antioxidants
offer resistance against oxidative stress by inhibiting the free rad-
icals [1]. The higher burden of free radicals causes imbalance in
homeostatic phenomena between oxidants and antioxidants in the
body [2]. This imbalance leads to oxidative stress that is being sug-
gested as the root cause of aging and various human diseases such
as atherosclerosis, stroke, diabetes, cancer and neurodegenerative
diseases [3].
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Medicinal plants are abundantly rich in antioxidant compounds,
with significant free radical scavenging potential which is due to the
presence of various phyto-constituent [4]. Identification of plant
based antioxidants is an aspect which has gained immense atten-
tion and importance in protecting the cell/tissues from the damage
caused by free radicals [5].

Costus afer. Ker is a medicinal plant of Costaceae family, it is a tall
perennial herbaceous, unbranched medicinal plant with creeping
rhizome, commonly found in moist or shady forests and riverbanks
of tropics [6]. In Africa, C. afer is found in the forest belt from Sene-
gal to Ethiopia and in the East to Tanzania, Malawi and Angola,
in the South and in West Africa. It is common plant in Nigeria,
Ghana, Togo, and Cameroun. It is often planted in home garden
for medicinal purposes. C. afer is pan tropical and comprises of
about 70 species, which about 40 species are found in tropical
America, about 25 in tropical Africa and about 5 in South-East Asia
[7]. The plant is used as remedy for cough, inflammation, arthri-
tis, as laxative, aperient and purgatives, diuretics, rheumatism and
treatment of several diseases [8]. The rhizomes of C. afer con-
tain several steroidal sapogenins (diosgenin), aferosides, dioscin
and paryphyllin C and flavonoid glycoside kaempferol 3-O-�-L-
rhamnopyranoside [7]. The chloroform and methanol extracts from
the aerial parts reduced carrageenan-induced rat paw oedema [7].
Extracts of C. afer stem and leaf exhibited hepatoprotective activi-
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ties [8,9]. The GCMS of hexane fraction of C. afer leaf show that are
the chemical constituents of the fraction include naphthalene 2,3-
dimethyl-, naphthalene 1,6-dimethyl and other essential fatty acids
[9]. Anaga et al [10] reported that the methanol extract of C. afer leaf
showed moderate local anesthetic property and antihyperglycemic
property in streptozotoxin-induced diabetic rats. Hexane fraction
of C. afer leaf was found to be a good source of anti-inflammatory
agents for herbal formulation or pharmaceutical drug production
[9].

Extract yields and resulting antioxidant activities of plant mate-
rials are strongly dependent on the nature of extracting solvent,
since different antioxidant compounds has varied chemical charac-
teristics and polarities in different solvents [11]. Although there are
previous reports on antioxidant activities of different fractions of
the C. afer leaf, we investigated the free radical scavenging poten-
tial of absolute methanol extract of C. afer with arrays of in vitro
antioxidant assays some of which has not be previously reported
with the view of providing information on natural antioxidant sup-
plements from a plant source and preliminary study on the safety
of the extract was carried out.

2. Method

2.1. Collection of plant material and preparation of plant extract

Fresh leaves of C. afer used were harvested in April 2016 from
Laje Village, Ondo West Local Government Area, Ondo State, Nigeria
and taxonomically authentication was made by a Botanist (Mr. G.
A Ademoriyo) at the Obafemi Awolowo University Herbarium, Ile-
Ife, Osun State, Nigeria where a specimen with voucher number
17,605 was deposited. The leaves were washed, rinsed and air dried
for 4 weeks after which they are pulverized into fine powder. 50 g
of powdered material was extracted three times with 1 L of abso-
lute methanol (one extraction in one day) at room temperature.
The combined extract was filtered using muslin cloth and the fil-
trate was further concentrated using rotary evaporator apparatus
at 60 ◦C. The brownish-green crude extract obtained was dried in
the desiccator before finally stored in refrigerator prior to use. The
percentage yield of the extract was calculated prior to storage in
the refrigerator

2.2. Sources of chemicals and cell line

Chang liver cell line were obtained from the American Type Cul-
ture Collection (Highveld Biological, Johannesburg, South Africa).
Fetal calf serum (FCS) was purchased from Highveld Biological,
South Africa. The other chemicals and other reagents used in this
study were of analytical grade and were purchased from Sigma
Aldrich, Germany.

2.3. In vitro antioxidant potentials

2.3.1. Determination of total phenolic content
The method of Singleton and Rossi [12] was used to determine

the total phenolic content. Briefly, to 0.1 ml (0.25 mg/ml) of sam-
ple, 0.9 ml of water and 0.2 ml of folin-ciocalteu’s phenol reagent
were added and the resulting mixture was vortexed. After 5 min of
standing, 1.0 ml of 7% (w/w) Na2CO3 solution was then added and
the resulting solution was made up to 2.5 ml with distilled water.
The solution was incubated for 90 min at room temperature after
which the absorbance against a negative control containing 1 ml of
distilled water in place of the sample was then taken at 750 nm.
The results were expressed as mg garlic acid equivalent (GAE) per
gram of dry mass.

2.3.2. Determination of total flavonoid content
The determination of flavonoid content carried out according to

method of Miliauskas et al. [13]. Briefly, to 0.1 ml (0.25 mg/ml) of
the extract was added 0.4 ml of distilled water. This was followed
by 0.1 ml of 5% sodium nitrite. After 5 min, 0.1 ml of 10% AlCl3 and
0.2 ml of 0.1 M NaOH were added and the volume was made up
to 2.5 ml with distilled water. The absorbance at 510 nm was mea-
sured against the blank. The total flavonoid content of the extract,
expressed as mg quercetin equivalents per gram of dry mass is
calculated as:

X = q ∗ V

w

X = total content of flavonoid compound in quercetin equivalent.
q= concentration of quercetin established from the standard

curve.
V= volume of extract (ml).
w= weight of the crude methanolic extract obtained.

2.3.3. Total proanthocyanidin content
The modified acid/butanol method of Porter et al [14] was

used to quantify the total proanthocyanidin content. To 0.25 ml
(0.25 mg/ml) of extract was added 3 ml of a 95% solution of n-
butanol/HCl (95:5 v/v) followed by 0.1 ml of a solution made
by dissolving 0.5 g of NH4Fe(SO4)2.12H2O in 0.25 ml of 2 M HCl.
The tightly capped tubes were incubated for 40 min at 95 ◦C. The
absorbance of the cooled extract was read at 550 nm. Results are
expressed in mg of cyanidin chloride g-1 dry mass.

2.3.4. Determination of total anthocyanin content
Total anthocyanin content of the extract was determined by the

pH differential method [15]. Briefly, a pH 1.0 buffer solution was
prepared by mixing 125 ml of 0.2 M KCl with 385 ml of 0.2 M HCl
and 490 ml of distilled water, the pH of the buffer was adjusted to
pH 1.0 with 0.2 M HCl. A pH 4.5 buffer solution was also prepared
by mixing 440 ml of 1.0 M sodium acetate with 200 ml, 1.0 M HCl
and 360 ml of distilled water, the pH of the solution was adjusted
to pH 4.5 with 1.0 M HCl. 0.5 ml (0.25 mg/ml) of the extract was
made up to 12.5 ml with pH 1.0 and 4.5 buffers in two separate vials
respectively and were allowed to equilibrate in the dark for 2 h. The
absorbance of the sample in the buffers at 512 nm (A512 nm) and
700 nm (A700 nm) were measured on a UV–vis spectrophotome-
ter. The difference in absorbance (�A) between the anthocyanin
extract in pH 1.0 and pH 4.5 buffers was calculated using the equa-
tion below

�A = (Absorbance at 512 nm, pH1.0 - Absorbance at 700 nm,
pH1.0) - (Absorbance at 512 nm, pH 4.5 – Absorbance at 700 nm,
pH 4.5).

The anthocyanin content was expressed as mg cyanidin 3-
glucoside per 100 g samples using a molar absorbance coefficient
(�) of 26,900 L−1M−1 cm−1) [16].

TACY = (�A × MW) × DF × 1000
ε × 0.1 × 1

where
TACY = Total anthocyanin expressed as mg cyanidin 3-

glucoside/100 g of plant material.
MW = Molecular weight of Cyanidin 3-glucoside (449.2 g/L).
DF = dilution factor to expressed the extract on per gram.
�= molar absorbance coefficient of cyaniding 3-glucoside

(26,900 M−1 cm−1).
0.1= the conversion factor for per 1000 g to 100 g basis.

2.3.5. Determination of proanthocyanidin content
The proanthocyanidin content of the extract was determined

using the method of Porter et al [17]. Briefly, to 0.25 ml (0.25 mg/ml)
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of extract was added 2.25 ml of concentrated hydrochloric acid/
n-butanol (10/90 v/v) in a screw top vial. The resulting solution
was mixed for 15 s. The mixture was then heated for 90 min in a
85 ◦C water bath and it was then cooled to 25 ◦C in an ice bath. The
absorbance at 550 nm was measured on a UV visible spectropho-
tometer. A control solution of the extract was prepared to account
for the background absorbance due to pigments in the extracts. The
control solution consisted of the extract prepared in the hydrochlo-
ric acid/n-butanol solvent without heating. The proanthocyanidin
content was expressed as mg cyaniding per g of sample.

= (�A × MW) × DF × 1000
ε × L

Where �A = A550sample – A550control.
A550sample= Sample absorbance at 550 nm.
A550control= control absorbance at 550 nm.
� = Molar absorbance coefficient of cyanidin (17,360

L−1M−1 cm−1).
L = pathlength (1 cm).
MW = Molecular weight of Cyanidin (287 g/mol).
DF = dilution factor to express as g/L.
1000 is the conversion from grams to milligram.

2.4. In vitro antioxidant activity

2.4.1. DPPH assay
The radical scavenging ability of the extract was determined

using the stable radical DPPH as described by Brand-Williams et al
[18]. Briefly, to 1 ml of different concentrations of the extract in a
test tube was added 1 ml of 0.3 mM DPPH prepared in methanol.
The mixture was mixed and incubated in the dark for 30 min after
which the absorbance was read at 517 nm against a DPPH control
containing only 1 ml methanol in place of the extract.

The percent of inhibition was calculated as follows:

I% = [(Ablank-Asample)/Ablank] × 100

Where Ablank is the absorbance of the control reaction (contain-
ing all reagents except the test compound), and Asample is the
absorbance of the test compound. Sample/ascorbic acid (reference
antioxidant) concentration providing 50% inhibition (IC50) was
calculated from the graph plotting inhibition percentage against
extract/ascorbic acid concentration.

2.4.2. Inhibition of nitric oxide radical
The inhibition nitric oxide radical activity of the extract was car-

ried out according to method of Marcocci et al [19]. Briefly, the
reaction mixture, containing 0.1 ml of different concentrations of
the extract and 0.9 ml (2.5 mM) of sodium nitroprusside in phos-
phate buffer saline was incubated under illumination for 150 min.
After incubation, 0.5 ml of 1% sulphanilamide in 5% phosphoric acid
was added and incubated in the dark for 10 min, this was followed
by addition of 0.5 ml 0.1% NED (N-1-napthylethylenediamine dihy-
drochloride). The absorbance of the chromophore formed was
measured at 546 nm. Sample/ascorbic acid (reference antioxidant)
concentration providing 50% inhibition (IC50) was calculated from
the graph plotting inhibition percentage against extract/ascorbic
acid concentration.

2.4.3. Determination of total antioxidant capacity
Total antioxidant capacity was determined according to method

described by Prieto et al. [20] Briefly, to 0.1 ml (0.25 mg/ml) of
the extract or standard solutions of ascorbic acid (20–100 �g/ml)
was added 1 ml of the reagent solution which consisted of 0.6 M
sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium
molybdate. The tubes containing the reacting mixture were incu-
bated in a water bath at 95 ◦C for 90 min. The mixture was then

allowed to stand and cool to room temperature and the absorbance
measured at 695 nm against a blank which consisted of the react-
ing mixture a distilled water in place of the extract. The antioxidant
activities of the extracts were expressed as an ascorbic acid equiv-
alent.

2.4.4. FRAP assay
The FRAP assay was determined according to method described

by Benzie and Strain [21]. Briefly, a 300 mM acetate buffer of pH 3.6,
10 mM 2, 4, 6-tri-(2-pyridyl)-1, 3, 5-triazine and 20 mM FeCl3.6H2O
were mixed together in the ratio of 10:1:1 respectively, to give the
working FRAP reagent. A 50 �l aliquot of the extract at 0.1 mg/ml
and 50 �l (20–100 �g/ml) of standard solutions of ascorbic acid was
added to 1 ml of FRAP reagent. Absorbance measurement was taken
at 593 nm. The reducing power was expressed as equivalent con-
centration which is defined as the concentration of antioxidant that
gave a ferric reducing ability equivalent to that of the ascorbic acid
standard.

2.4.5. ABTS+ radical scavenging activity
The free radical scavenging activity of extracts was determined

according to the method of Re et al. [22]. The ABTS radical cation
(ABTS+) was produced by reacting ABTS stock solution (7 mM) with
7 mM potassium persulphate in a ratio 2:1 and the mixture was
allow to stand in the dark at room temperature for 16 h before
use. Prior to use, the stock solution was diluted with70% ethanol
to an absorbance of 0.75 ± 0.05, to give ABTS working solution.
2 ml of ABTS working solution was mixed with 50 �l of different
concentration of the extract/trolox (reference antioxidant) and the
absorbance was measured after 20 min at 734 nm. Sample/trolox
concentration providing IC50 was calculated from the graph plot-
ting inhibition percentage against extract/trolox concentration.

2.4.6. Ferrous ion-chelating ability activity
The ferrous ion-chelating assay was carried out according to the

method of Singh and Rajini [23] with some modifications. Briefly, an
aliquot (1 ml) of different concentrations of the extract was mixed
with 1 ml (2 mM) FeCl2·4H2O. After 5 min incubation, the reaction
was initiated by the addition of 1 ml (5 mM) ferrozine. The mixture
was shaken vigorously and after a further 10 min incubation period,
the absorbance of the resulting solution was measured spectropho-
tometrically at 562 nm. The percentage inhibition of ferrozine–Fe+2

complex formation was calculated by using the formula:

Chelatingeffect% = [(Acontrol-Asample)/Acontrol] × 100

where Acontrol = absorbance of control (containing all reagents
except the test compound) and Asample = absorbance of samples
(containing all reagents including the test compound). EDTA was
used as positive control.

2.4.7. Hydroxyl radical scavenging activity
The hydroxyl radical scavenging activity was measured accord-

ing to the method of Halliwell et al. [24] Briefly, the reaction mixture
contained 1.0 ml of reagent (3.0 mM deoxyribose, 0.1 mM EDTA,
2 mM H2O2, 0.1 mM L-ascorbic acid, 0.1 mM FeCl3.6H2O in 10 mM
phosphate buffer, pH 7.4) and various concentrations of the extract
(50–350 �g/ml). The reaction mixtures were incubated at 37 ◦C for
1 h, and followed by the addition of 1.0 ml of 1% (w/v) TBA (in
0.25 M HCl) and 1.0 ml 10% (w/v) trichloroacetic acid (TCA). The
reaction mixture was heated in boiling water bath at 100 ◦C for
20 min and the pink chromogen (malondialdehyde-(TBA) adduct)
was extracted into 1.0 ml of butan-1-ol and the absorbance (Abs)
was read at 532 nm against reagent blank. BHT (butylated hydrox-
ytoluene) served as positive control
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The percentage inhibition was calculated using the following
expression:

Percentage inhibition = Acontrol − Asample

Abscontrol
× 100

where Acontrol = absorbance of control (containing all reagents
except the test compound) and Asample = absorbance of samples
(containing all reagents including the test compound).

2.4.8. Anti-lipid peroxidation activity
The assay of anti-lipid peroxidation activity was carried out

according to method of Sato and Bremner [25]. Ten percent (10%)
liver homogenate (0.25 ml) was added to 150 mM Tris-Cl buffer, pH
7.2 (0.1 ml), 1% (w/v) ascorbic acid (0.05 ml), 0.07 M FeSO4 (0.05 ml)
and different concentrations of the extract. The reaction mixtures
were incubated at 37 ◦C for 1 h. After incubation, 0.5 ml of 0.1 M
HCl, 0.2 ml of 9.8% SDS, 0.9 ml of distilled water and 2.0 ml of 0.67%
TBA were added sequentially. The reaction mixtures were heated
in boiling water at 100 ◦C for 30 min, cooled and 2.0 ml of butan-
1-ol was added and later centrifuged at 3000 rpm for 10 min. The
supernatant was collected and measured at 532 nm against reagent
blank.

The percentage inhibition was estimated using the expression:

Rate of inhibition(%) = {A-B
A

} × 100

where A = Absorbance in the absence of extract (control);
B = Absorbance in the presence of extract.

Sample/BHT concentration providing IC50 was calculated from
the graph plotting inhibition percentage against extract/BHT con-
centration.

2.4.9. Reductive potential
The reductive potential of the extract was determined accord-

ing to the method of Oyaizu [26]. Briefly, to 1 ml (0.25 mg/ml) of
the extract was added 1 ml of phosphate buffer (pH 6.6, 0.2 M) after
which 2.5 ml of 1% potassium ferricyanide was added. The reacting
mixture was then incubated in a water bath at 50 ◦C for 20 min.
2.5 ml of 10% TCA was then added to the mixture and then cen-
trifuged for 10 min. To 2.5 ml of the supernatant was added 2.5 ml
of distilled water and 0.5 ml of 0.1% ferric chloride and the resulting
mixture was vortexed. The absorbance was measured at 700 nm.
The reductive potential was expressed as reductive potential index
(REI)

REI = absorbance of extract
Absorbance of 10�g/ml ascorbic acid standard

2.4.10. Hydrogen peroxide scavenging potential
The method described by Jayaprakah et al [27]. was adopted.

Briefly, a solution of hydrogen peroxide (20 mM) was prepared
in sodium phosphate buffer (pH 7.4). Various concentrations of
1 ml of the extracts or ascorbic acid (reference antioxidant) in
methanol were added to 2 ml (20 mM) of the hydrogen peroxide.
The absorbance was measured at 230 nm, after 10 min against a
blank solution that contained extracts in sodium phosphate buffer
without hydrogen peroxide.

2.4.11. CUPRAC assay
The method of Apak el al. [28] was used with little modifica-

tion to determine the cupric ions (Cu2+) reducing ability of the
extracts. Briefly, 0.25 ml (0.01 M) CuCl2 solution, 0.25 ml (7.5 × 10−3

M) ethanolic neocuproine solution, and 0.25 ml (1 M) CH3COOH4
buffer were added to a test tube, this was followed by addition
of 0.25 ml (0.25 mg/ml) of the extract. The total reaction volume

was adjusted to 2 ml with distilled water. The resulting mixture
was incubated at room temperature for 30 min and absorbance
was measured at 450 nm. Increased absorbance indicates increased
reduction capability which is express as ascorbic acid equivalent
(AAE).

2.5. Toxicity study

2.5.1. Cell viability assay
The method described by Mosmann [29] and as employed

by Williams et al [30]. was employed for the viability assay.
Briefly, confluent Chang liver cells from a culture were replated
in 96-well microplates at 5 × 105 cells/mL. Cells were microscop-
ically counted using a haemocytometer and trypan blue. Cells
were allowed to attach overnight and exposed to a range of
10 �L of plant extracts (8, 10, 12 and 16 �g/ml extract con-
centrations) for 48 h. Media was aspirated and each well was
incubated with 100 �l of MTT {(3-(4, 5-dimethylthiazolyl-2)- 2,5-
diphenyltetrazoliumbromide),(0.5 mg/ml in RPMI 1640: 10% FBS)}
for 4 h at 37 ◦C (5% humidified incubator). The media was then
removed and the dye trapped within the cells was solubilized with
1 mL of DMSO. The extracted dye was read at 540 nm using a Biotek
Powerwave XS microtiter plate reader.

2.5.2. Experimental animals and acute oral toxicity study (OECD)
Male Wistar rats weighing 120–150 g rats were handled

humanely, kept in plastic suspended cages in a well-ventilated and
hygienic rat house under suitable conditions of temperature and
humidity. They were provided with standard rats feed (Growfast
feed) and water ad libitum. They were allowed to acclimatize in
the animal house of the Department of Biological Sciences, Federal
University of Agriculture, Abeokuta for two weeks prior to the com-
mencement of animal model experiments. Animal maintenance
and care was according to National Institute of Health (NIH) ani-
mal care guidelines (NRC, 2010) [31]. The acute toxicity study for
C. afer leaves methanol extract was performed using the median
lethal dose of the extract in albino rats following the Organization
for Economic Cooperation and Development (OECD) guideline 425
[32] and as adopted by Anyasor et al. [9]. A male Wistar albino rat
was orally administered with 2000 mg/kg of the extract after fast-
ing overnight. The animal was observed for 24 h for any clinical
signs of toxicity such as change in fur colour, accelerated breathing
or death. The animal survived without any observable change. Sub-
sequently, five male albino rats were selected by random sampling
technique and subjected to the same protocol for 72 h and they all
survived. The animals were then observed for the next 14 days.

2.6. Statistical analysis

Statistical analysis was carried out with the aid of Graphpad
prism 5.0. Regression was performed to determine fifty percent
inhibitory concentration (IC50) values for the antioxidant studies.
For the toxicity study, values were reported as mean ± SEM as three
replicate analysis and statistical significance was tested one way
ANOVA followed by Tukey’s-HSD multiple range post hoc test. Sta-
tistical significance was determined at p < 0.05.

3. Results and discussion

3.1. The percentage yield of standardized extract of C. afer leaf

The percentage yield of the methanol extract of the Costus afer
leaf was 18.92%.



270 T.G. Atere et al. / Food Science and Human Wellness 7 (2018) 266–272

Table 1
Inhibitory concentration of antioxidants potentials of methanol extract of Costus afer leaf compare with reference antioxidants.

Assay IC50 (mg/ml) of methanol extract C. afer leaf Reference antioxidants IC50 (mg/ml) of standards

DPPH radical scavenging activity 1.09 ± 0.02 Ascorbic acid 0.00815 ± 4.18E-5
Hydroxyl radical scavenging activity 0.37 ± 0.0004 BHT 0.074335 ± 0.0008
Hydrogen peroxide radical scavenging activity 0.25 ± 0.0004 Ascorbic acid 0.127 ± 0.0028
ABTS) scavenging activity 1.53 ± 0.05 Trolox 0.0065 ± 1.50E-05
Nitric oxide inhibition potential 0.223 ± 0.006 Ascorbic acid 0.0193257 ± 0.3748
Anti-lipid peroxidation activity 4.92 ± 0.26 BHT 0.27356 ± 11.08
Ferrous chelating potential 0.58 ± 0.01 EDTA 0.020 ± 5.7E-05

Values are means of three determinations ± SEM.

3.2. In vitro antioxidant potentials and activities

Previous work on antioxidant properties of Costus afer leaf inves-
tigated some antioxidant potentials of the leaf using sequential
solvent fractionation method [9,33]. Phytochemicals are known to
have a complex nature this suggests that the antioxidant activi-
ties of plant extracts cannot be evaluated by a single method [34]
wherefore in this present study, we investigated the antioxidant
potentials of the absolute methanol extract of Costus afer using
battery of antioxidants assays.

DPPH molecule that contains a stable free radical has
been widely use to evaluate the radical scavenging ability of
antioxidants. From Table 1, results showed that DPPH rad-
ical scavenging abilities of the extract is less than that of
ascorbic acid C. afer (IC50 = 1.09 ± 0.02 mg/g) > ascorbic acid
(IC50 = 0.008147 ± 4.18×10−5 mg/g). Although report from Tcham-
goue et al. [33] reported IC50 of 0.19 ± 0.03 mg/g for methanol
fraction of the leaf, the difference in results may likely due to differ-
ences in method of extraction and/or geographical factors. EC50 of
139 ± 1.55 �g/ml was obtained for DPPH radical scavenging poten-
tial of Costus speciosus leaf [35].

The working mechanism of the ABTS method for the evaluation
of antioxidant activity is the same as that of the DPPH method, but
the ABTS method is more reliable than the DPPH method, due to
solubility of the ABTS reagent in both aqueous and organic solvents
and rapid reaction with lipophilic as well as hydrophilic antioxidant
species as compared to DPPH [36,37]. The IC50 of methanol extract
of Costus afer leaf was 1.53 ± 0.05 (Table 1).

FRAP assay measures the reducing potential of an antioxidant
reacting with a ferric tripyridyltriazine [Fe3+-TPTZ] complex and
producing a coloured ferrous tripyridyltriazine [Fe2+-TPTZ] [21].
FRAP assay treats the antioxidants in the sample as a reductant
in a redox –linked colorimetric reaction [38]. The reducing prop-
erties are associated with the presence of compounds which exert
their action by breaking the free radical chain by donating a hydro-
gen atom [39].Ferric reducing antioxidant potential of methanolic
extract of Costus afer leaf was 14.31 ± 0.78 �g AAE/g (Table 1).
Tchamgoue et al. [33] found the methanol fraction of Costus afer
leaf to be 51.84 ± 2.19 mg/g catechin equivalent.

Hydroxyl radical is the most reactive oxygen centered species
and causes severe damage to adjacent biomolecule. Hydroxyl rad-
ical scavenging activity was estimated by generating the hydroxyl
radicals using ascorbic acid–iron EDTA. The IC50 (mg/g) of hydroxyl
radical scavenging activity of methanol extract of Costus afer
leaf was 0.37 ± 0.0004 mg/ml (Table 1). IC50 of hydroxyl radi-
cal scavenging of methanol extract of activity of leaf extract
of Costus speciosus (Koen) J.E. Sm leaf methanol extract was
10.06 ± 1.12 �g/ml [40].

Plants with iron chelating activity are most effective for reduce
of lipid peroxidation reaction and therefore play a key role in medic-
inal practice [41]. The IC50 of metal chelating potential of methanol
extract of Costus afer leaves was 0.583493 ± 0.01 mg/ml (Table 1).
The Iron chelating activity of the methanol extract of rhizomes of
Costus speciosus is IC50 was 6.48 ± 0.072 mg/ml [42].

Table 2
Other antioxidants properties of methanol extract of Costus afer leaf.

Antioxidant Assay Value

Reductive Potential Activity (Reducing
Index/1.0 mg/ml)

1.68 ± 0.03

Total Antioxidant Capacity(�g AAE/g) 7.743525 ± 0.95
FRAP (�g AAE/g) 14.31 ± 0.78
PHENOL (mg GAE/g) 47.06 ± 3.80
Flavonoid (mg QUE/g) 584.2363 ± 121.95
Cuprac (mg AAE/g) 38.16 ± 7.30
Anthocyanin (mg cyanidin

3-glucoside/100 g)
29.22 ± 2.95

Proanthocyanin (mg cyanidin/g) 0.5869 ± 0.003

Values are means of three determinations ± SEM.

Drugs which quench the hydrogen peroxide radical serves as
better therapeutic for the stress related disorders [4]. Hydrogen
peroxide enters into the human body through inhalation of vapour
or mist and through eye or skin contact and is rapidly decomposed
into oxygen and water and this may produce hydroxyl radicals
(OH.-) that can initiate lipid peroxidation and cause DNA damage in
the body [4]. 0.24876 ± 0.004 mg/ml was the IC50 value of hydrogen
peroxide scavenging potential of the methanol extract of Costus afer
(Table 1), this value suggests that the extract has great potentials
being an antioxidants. The methanol fraction of bark of C. pictus
gave 300 �g/ml IC50 [43].

The reducing ability of a compound generally depends on the
presence of antioxidants, which exert the antioxidant activity by
breaking the free radical chain by donating a hydrogen atom [1]. The
value of 1.68 ± 0.03 mg/ml was the reductive potential inhibition
potential of methanol extract Costus afer leaf while that of ascorbic
acid (reference antioxidant) was 0.26 ± 0.005 mg/ml (Table 1).

Total antioxidant capacity of the extract of C. afer leaf methanol
extract expressed as the number of micro gram equivalents of
ascorbic acid, is shown in Table 2 (7.743525 ± 0.95 �g AAE/ml). The
phosphomolybdenum method used was based on the reduction of
Mo (VI) to Mo (V) by the antioxidant compound and the formation
of a green phosphate/Mo (V) complex with a maximal absorption at
695 nm. Total antioxidant capacity of methanolic extract of Costus
speciosus rhizome was reported to be 82.88 �g AAE/ml [35].

Phatak and Hendre [44] reported that CUPRAC assay to be a
novel method for determining in vitro antioxidants which shows
superiority among many antioxidant assays. The method is based
on the measurement of the developed absorbance at 450 nm of
a stable copper (I) neocuproine complex [45]. In the presence of
antioxidant molecules, copper (II) was reduced to copper (I).This
method should be advantageous over FRAP because the redox
chemistry of copper (II) as opposed to that of ferric ion should
involve faster kinetics [46]. CUPRAC value of methanol extract of
Costus afer leaf was 38.16 ± 7.30 mg AAE/g (Table 2).

The result of IC50 of anti-lipid peroxidation activity of methanol
extract of Costus afer leaf was 4.92 ± 0.26 mg/ml while that of
BHT was 273.56 ± 11.08 mg/ml (Table 1). This results showed high
potential of the extract as antioxidants. Peroxidation of lipid is a
natural phenomenon and occurs on its exposure to oxygen [47].
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Anti-lipid peroxidation potentials of methanol extract of C. afer leaf
revealed that the extracts might prevent reactive radical species
from damaging biomolecules such as lipoprotein, DNA, amino
acids, sugar, proteins and PUFA in biological and food systems.

Phenolic antioxidants are potent free radical terminator [48].
The phenolic compounds, biologically active component are the
main agents that can donate hydrogen to free radicals and thus
break the chain reaction of lipid peroxidation at the first initiation
step [49]. Phenol content of methanol extract Costus afer leaf was
47.06 ± 3.80 mg GAE/g (Table 2). From other studies, methanolic-
aqueous extract of Costus speciosus leaves was found to be 11.45 mg
GAE/g [35]. Methanolic extract of Costus pictus D. Don leaves gave
110.47 ± 1.02 mg GAE/g phenol [50]. Total phenol of methanol
extract of C. afer stem gave 0.54 ± 0.01 mg GAE/g [51]

Flavonoids have been reported to be associated with antiox-
idative action in biological systems, acting as scavengers of
singlet oxygen and free radicals [52,53]. The flavonoids content of
methanol extract of C. afer leaf was 584.2363 ± 121.95 mg QUE/g
(Table 2) this is relative high when compared with flavonoids con-
tent extracts from other Costus, methanolic extract of the rhizome
of Costus speciosus (Zingiberaceae) contains 9.32 mg quercetin
equivalents/g extract respectively flavonoids [54].

Proanthocyanins are also referred to as condensed tannins, they
are oligomers or polymers essentially derived from flavan-3-ol and
their derivatives via carbon to carbon (C-C) or rarely C-O-C links. As
with other polyphenols, tannin structures are suitable for free radi-
cal scavenging activities serving as an excellent hydrogen or electro
donors to form radical that are relatively stable [55]. In addition to
antioxidant properties of tannins, they are also antagonist of hor-
mone receptors or inhibitors of enzymes such as cyclooxygenase
enzymes [56]. The methanol extract of Costus afer leaf proantho-
cyanins content was 0.5869 ± 0.003 mg cyanidin/g (Table 2).

In some small fruits like raspberries, sweet potatoes and cran-
berries the antioxidant capacity has been correlated to a significant
degree with anthocyanin content, indicating that anthocyanins
may govern the antioxidant capacity of several plant tissues to a
certain extent [57]. The result of anthocyanins of methanol extract
of C. afer leaf was 29.22 ± 2.95 mg cyanidin 3-glucoside/100 g.

Reactive nitrogen intermediates, such as nitric oxide (NO) has
also been shown to play an important role in the inflammatory
processes [58]. The IC50 of methanol extract of Costus afer leaf is
0.223 ± 0.006 mg/ml while that of ascorbic acid (reference stan-
dard) is 19.3257 ± 0.374832 mg/ml (Table 1). The methanol extract
of Costus afer is a good nitric oxide radical scavenger, this could
be as result of phytocomponents present in the extracts ability to
compete with oxygen that react with nitric oxides and then inhibit
generation of nitrite [59]. IC 50 of 20.01 ± 1.76 �g/mL was reported
for methanol extract of rhizomes of Costus speciosus (Koen) J.E. Sm
[60]

4. Toxicity study

Acute toxicity study, revealed that up to 2000 mg/kg of methanol
extract of Costus afer leaf was considered safe in albino rats, also the
data obtained from cell viability assay shown that the extract up to
12 �g/ml is safe on the liver cells (Fig. 1).

5. Conclusion

This work also reveals that the methanol extract of C. afer leaf
possess high antioxidant activity in vitro, virtually all the antioxi-
dant properties were in dose dependent manner (detail not shown)
this is due to the presence of antioxidant such as polyphenols,
flavonoids and other antioxidant compounds in the standardized
extract. Phenolic content present in the plants are directly corre-

Fig. 1. Cell viability assay of different concentration of C. afer leaves methanol
extract in Chang liver cells. Mean ± SEM of eight replicates wells per experiments
(n = 5). Bars bearing same letter are statistically not significant from one another
p < 0.05.

lated with their antioxidant properties [61,62]. From our previous
report [63], GCMS analysis of the extract revealed that the extract
contains a number of polyphenols and flavonoids. It was estab-
lished that the extract contains 2-methoxy-4-vinylphenol, phenol,
2, 6-dimethoxy, phenol, 2, 4-bis (1, 1-dimethylethly), essential fatty
acids capable of antioxidant properties, as well as and other antiox-
idative agents. The high values of phenolic and flavonoids content
from this study support the possibility that these compounds could
be responsible for the antioxidant potentials observed in this study.

It can be concluded that the presence of high phenolic and
flavonoid content of the C. afer leaf extract has contributed directly
to the antioxidant ability by neutralizing the free radicals. This
possibility support the traditional use of the plant’s relevance in
combating oxidative stress and its related ailments. Furthermore,
the extract could be used in food industries as source of good
antioxidant.
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