
                                                                                                                                                 

*Corresponding author: abdulfataijimoh@gmail.com; +234(80) 37015285 

ajopred.com 
 

 
 
 
 

 
 

 
 

 

 

IN-VITRO ANTIOXIDANT ACTIVITIES OF HYDROMETHANOLIC STEM EXTRACT OF Costus 
afer KER GAWL. (COSTACEAE) AND ITS RESIDUAL AQUEOUS FRACTION 
 
 
ABDULFATAI ADETUNJI JIMOH1,*, BILKISU BELLO MAIHA2, BEN AHMED CHINDO1, JANET 
IFEAKANWA EJIOFOR2, DANJUMA MALLAM1, AHMED AHMED DANBALA1 

 
1. Department of Pharmacology and Toxicology, Faculty of Pharmaceutical Sciences, Kaduna   State University, Kaduna.  
    Nigeria. 
 
2. Department of Pharmacology and Toxicology, Faculty of Pharmaceutical Sciences, Ahmadu Bello University, Zaria.  
    Nigeria. 
 

 

ABSTRACT 
Costus afer Ker Gawl (Costaceae) is used traditionally for the treatment of various diseases in several countries 
in tropical Africa. The antioxidant activities of the hydromethanolic stem extract of this plant and its residual 
aqueous fraction were investigated in in-vitro studies using spectroscopic methods against 2,2-Diphenyl-1-picryl-
hydrazyl-hydrate (DPPH), hydrogen peroxide, Ferric ion Reducing Antioxidant Power (FRAP) and Total Antioxidant 
Activity Capacity (PM) assays. Total phenols and flavonoids were also determined to assess their effects on the 
antioxidant activities of this plant. The DPPH free radical scavenging activities of the extract and its residual 
aqueous fraction were concentration dependent with IC50 values of 23.60 ± 1.00 and 49.40 ± 1.20 µg/ml 
respectively, while ascorbic acid had the most potent action (IC50 = 1.04 ± 0.10 µg/ml). The scavenging activities 
of the extract and its residual aqueous fraction against hydrogen peroxide non-free radical decreased with 
increasing concentration with IC50 values of 31.60 ± 2.30 and 63.10 ± 3.50 µg/ml respectively. There were 
concentration dependent increases in reducing power of the extract, residual aqueous fraction and ascorbic acid 
when absorbances were measured at 700 nm against a blank sample. In the PM assay, the total antioxidant activity 
of the extract was similar to that of ascorbic acid. The total phenolic content of the hydromethanolic extract was 
129.8 mg tannic acid equivalent, TAE/g of extract as against 70.2 mg TAE/g of residual aqueous fraction. The total 
flavonoid contents were 254.9 mg quercetin equivalent, QE/g of extract and 152.9 mg QE/g of residual aqueous 
fraction. A positive linear correlation was observed between these polyphenols and the free radical scavenging 
activities. The results indicate that Costus afer stem is a potential source of natural antioxidants. 
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INTRODUCTION 
The oxidative process is used for the production of 
energy required for essential cell functions. 
However, oxygen metabolism in the cells also 
causes production of free radicals [1].  A free radical 
is defined as any atom or molecule possessing 
unpaired electrons. Antioxidants are agents which 
scavenge the free radicals and inhibit oxidation 

directly and indirectly [2] and thereby prevent the 
damage caused by reactive oxygen species (ROS) 
and reactive nitrogen species (RNS). ROS consists 
of superoxide anions (O2.), hydroperoxyl (OOH.), 
peroxyl (ROO.) and alkoxyl (RO.) radicals. Non free 
radicals are hydrogen peroxide (H2O2), 
hydrochlorous acid (HOCl), Ozone (O3) and Singlet 
oxygen(1O2). RNS are mainly nitric oxide (NO), 
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peroxynitrite (ONOO.) and nitrogen dioxide (NO2). 
Oxidative stress results from the imbalance between 
the formation and neutralization of pro-oxidants [3] 
and free radicals generated as a result of oxidative 
process play a vital role in damaging various cellular 
macromolecules such as DNA, lipids, proteins, 
enzymes and carbohydrates [4,5]. This damage may 
result into many diseases such as diabetes mellitus, 
artherosclerosis, myocardial infarction, arthritis, 
anaemia, asthma, inflammation, neurodegenerative 
diseases and carcinogenesis [6-8]. Human cells are 
protected from oxidative damage either by 
preventing the formation of free radicals [9] or by 
neutralizing the free radicals through enzymatic or 
non-enzymatic antioxidant mechanisms [10]. The 
enzymatic antioxidants are produced endogenously 
and they include superoxide dismutase, catalase 
and glutathione peroxidase. The non-enzymatic 
antioxidants include tocopherols, carotenoids, 
ascorbic acid, flavonoids and tannins which are 
obtained from plant sources [5]. The antioxidant 
activity of plants is mainly due to the presence of 
phenolic compounds such as flavonoids, phenols, 
flavonols and proanthocyanidins [11]. There are also 
some synthetic antioxidant compounds such as 
butylated hydroxytoluene (BHT) and butylated 
hydroxyanisole (BHA) which are commonly used in 
processed foods but their main drawback is their 
toxic effects such as liver damage and mutagenesis 
[5]. Many plants used in traditional medicine are 
potential sources of natural antioxidants with strong 
activity and some of these plants have been 
evaluated for their antioxidant potential. One of such 
plants is Costus afer Ker Gawl. (Costaceae). 
Costus afer Ker Gawl., commonly known as 
gingerlily or bush cane belongs to the family 
Costaceae. It is one of the 150 species of tall, 
perennial and rhizomatous herbs of the genus 
Costus [12]. It is commonly found in moist and shady 
forest belt of Cameroon, Ghana, Guinea, Niger, 
Nigeria, Senegal, Sierra Leone and South Africa [12, 
13]. In Nigeria, Costus afer is known as Ireke omode 
in Yoruba, Kakizuwa in Hausa, Okpete or Okpoto in 
Igboland, Mbritem in Efik. In Ijaw it is called 
Ogbodou, Anglophone Cameroon calls it ‘Monkey 
sugar cane’ [14]. Ethnomedicinal uses of this plant 
include; treatment of diabetes mellitus, inflammation, 
arthritis [15], cough, malaria, venereal diseases, skin 
eruption [16], epilepsy, leprosy, headache and 
vertigo [17]. Some of the diseases for which this 
plant is used in ethnomedicine are due to oxidative 
stress resulting from the action of free radicals. The 
main objective of this research was therefore to 
determine in vitro antioxidant activities of the 
hydromethanolic stem extract of Costus afer Ker 

Gawl (Costaceae) and its residual aqueous fraction 
and to establish if there a correlation between these 
activities and total phenolic and flavonoid contents of 
this plant with a view to developing newer 
antioxidants from natural source that can help in the 
treatment of oxidative stress-induced diseases.  
 
 
MATERIALS AND METHODS 
 

Chemicals 
Disodium carbonate (Na2CO3) 75%w/v, Aluminum 
trichloride (AlCl3) were purchased from JHD, China, 
2,2-Diphenyl-1-picryl-Hydrazal (DPPH) radical, 
Ascorbic acid and Folin-Ciocalteu’s phenol reagent 
(FCR) were obtained from  Sigma Aldrich, Germany, 
Other chemicals and reagents such as Hydrogen 
peroxide, Trichloroacetic acid (TCA), Thiobarbituric 
acid (TBA), Molybdate reagent solution, Potassium 
ferricyanide [K3Fe (CN)6],  Ferric chloride, 0.1 M 
Phosphate buffer were obtained from reputable local 
distributors and they were all of analytical grade. 
 
Collection of plant material and extraction 
Costus afer (whole plant) was collected from Kagoro 
Hills in Kagoro Local Government Area of Kaduna 
State, Nigeria in September, 2017 and it was 
identified and authenticated by Mallam Shehu Umar 
Gallah, a Taxonomist in the Department in the 
Department of Biological Sciences, Kaduna State 
University. A voucher specimen (Voucher number 
01/1087) was prepared and deposited at the 
Herbarium Unit of the Department of Biological 
Sciences, Ahmadu Bello University, Zaria. Nigeria 
for future reference. 
The leaves were plucked off from the stem and stem 
was then debarked by removing the leafy covering. 
The pitch was cut into small pieces, air-dried in the 
laboratory at ambient temperature and humidity until 
constant weight was achieved. The dried stem was 
size-reduced using a wooden mortar and pestle. The 
pulverized stem was then ground into a fine powder 
using an electric grinder (Binatone). The resulting 
powder was stored in a dry air-tight container until it 
was used. 
Three hundred grams (300g) of the powdered stem 
was macerated with 1.8L 70% v/v methanol (JHD, 
China) for 72 hours at room temperature with 
occasional shaking. The mixture was filtered using 
muslin cloth, followed by Whatman No 1 filter paper 
to ensure all debris were filtered out. The filtrate 
obtained was then concentrated at 45o C using a 
Rotary evaporator under reduced pressure. The 
residue was dried in an oven at 45oC. The dried 
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extract was weighed and the percentage yield was 
calculated as follows: 
 

% Yield =  
Weight of dried extract (g) 

Weight of powdered plant material (g) 
 X 

100 
 
One gram (1 g) of the dried extract was weighed and 
dissolved in 10 ml distilled water to get a stock 
solution of 100 mg/ml and other concentrations were 
prepared by serial dilution of the stock solution on 
each day of the experiment. 
Ethical Approval: All experiments were conducted in 
line with the Guidelines and Principles of Ahmadu 
Bello University Committee on Animal Use and Care 
(Approval Number: ABUCAUC/2018/015). 
 
Fractionation of the hydromethanolic stem 
extract of Costus afer 
Ten (10) grams of the hydromethanolic extract was 
dissolved in 150 ml distilled water and filtered. The 
filtrate was successively partitioned with equal 
volumes of dichloromethane, ethylacetate and n-
butanol in a separating funnel in increasing order of 
polarity. The mixture was gently shaken and allowed 
to separate. The required layer was then decanted 
into a measuring cylinder. This process was 
repeated 4 times. 
The dichloromethane and ethylacetate fractions 
were concentrated at 50o C using a rotary evaporator 
under reduced pressure. The concentrates were 
then dried in an oven at 50o C. 
The n-butanol fraction and the residual aqueous 
fraction were concentrated to dryness in a water bath 
at 50o C. 
The various concentrates were weighed and 
percentage yields were calculated as follows: 
 
% Yield of fraction =

  
Weight of concentrate (g)

Weight of extract (g) 
 X 100 

 
Estimation of phenolic compounds of 
hydromethanolic stem extract of Costus afer and 
its residual aqueous fraction 
 
Total phenolic content 
The total phenolic content of the hydromethanolic 
stem extract of Costus afer and its residual aqueous 
fraction was determined spectrophotometrically with 
Folin-Ciocalteau reagent using the modified method 
of Wolfe et al. [18]. An aliquot of the extract (0.5 ml) 
was mixed with 2.5 ml of 10% Folin-Ciocalteau 
reagent and 2 ml of Na2CO3 (75% w/v). The resulting 
mixture was vortexed for 15 seconds and incubated 

at 40ᵒC for 30 minutes for colour development. The 
absorbance of the samples was measured at 765 nm 
using UV/visible light spectrophotometer. Total 
phenolic content was expressed as mg/g tannic acid 
equivalent from the calibration curve using the 
equation: 
 
Y = 0.0957x + 0.0399, R2 = 0.9942  
 
Where Y is the absorbance and x is tannic acid 
equivalent mg/g of extract/fraction  
 
Total flavonoid content  
The method of Ordon et al. was [19] used to estimate 
the total flavonoids content of the hydromethanolic 
stem extract of Costus afer and its residual aqueous 
fraction based on the formation of a complex 
flavonoid –aluminium. 0.5 ml of 2 % AlCl3 ethanol 
solution was added to 0.5 ml of extract/fraction 
solution. After one hour of incubation at room 
temperature, the absorbance was measured at 420 
nm using UV/visible spectrophotometer. All 
determinations were done in triplicate and averaged. 
Total flavonoid was calculated from the calibration 
curve obtained from quercetin using the equation: 
 
Y = 0.0255x, R2 = 0.9812  
 
Where Y is the absorbance and x is the quercetin 
equivalent (mg/g) of extract/fraction 
 
In vitro experimental procedure 
All the following experiments were done three times 
and the mean results were taken. 
 
2,2 – Diphenyl-1-picryl-hydrazal (DPPH) radical 
scavenging activity 
The method of Liyana-Pathiranan and Shahidi [20] 

was used for the determination of scavenging activity 
of DPPH free radical in the extract solution. A 
solution of 0.135 mM DPPH in methanol was 
prepared and 1 ml of this solution was mixed with 1 
ml of various concentrations (12.5 - 200 µg/ml) of the 
extract/fraction dissolved in methanol and the 
standard drug (Ascorbic acid, 12.5 - 200 µg/ml). The 
reaction mixture was vortexed thoroughly and left in 
the dark at room temperature for 30 minutes. The 
absorbance of the mixture was measured 
spectrophotometrically at 517 nm. All tests were 
performed in triplicates. 
The ability of the plant extract to scavenge DPPH 
radical was calculated as follows: 
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DPPH radical scavenging activity (%) =
(Abs control – Abs sample/standard drug) 

(Abs control)
 X 100

  
Where; Abscontrol is absorbance of DPPH radical + 
methanol; Abssample/standard drug is absorbance of DPPH 
radical + sample extract or standard drug. 
 
The average percentage radical scavenging 
activities obtained were plotted against log 
concentrations of the extract/fraction and standard 
drug (Ascorbic acid) and the IC50 values were 
estimated using linear regression. 
 
Hydrogen peroxide scavenging activity 
The method of Ruch et al. [21] was used for the 
determination of the scavenging activity of hydrogen 
peroxide by the plant extract and its residual 
aqueous fraction. 4 ml of various concentrations 
(12.5 - 200 µg/ml) of the extract/fraction prepared in 
distilled water was mixed with 0.6 ml of 4 mM H2O2 
solution prepared in phosphate buffer (0.1M pH 7.4) 
and incubated for 10 minutes. The absorbance of the 
solution was taken at 230 nm against blank solution 
containing H2O2 and methanol. Ascorbic acid was 
used as the reference drug. All tests were performed 
in triplicate. 
The amount of hydrogen peroxide radical inhibited 
by the extract/fraction was calculated using the 
following equation; 
 
H2O2 scavenging activity (%) =  
(Abs control – Abs sample/standard drug) 

(Abs control) 
 X 100 

 
Where: Abs control is the absorbance of H2O2 radical + 
methanol; Abs sample/standard drug is absorbance of H2O2 
radical + sample extract/fraction or standard drug. 
 
The average percentage scavenging activities 
obtained were plotted against log concentrations of 
the extract/fraction and standard drug (Ascorbic 
acid) and the IC50 values were estimated using linear 
regression. 
 
Ferric ion reducing antioxidant power (FRAP) 
assay 
Ferric ions reducing power was measured according 
to the modified method of Oyaizu [22]. Five different 
concentrations (12.5 - 200 µg/ml) of the 
extract/fraction and ascorbic acid were mixed with 
2.5 ml of 20 mM phosphate buffer and 2.5 ml 1% w/v 
potassium ferricyanide, and then the mixture was 
incubated at 50o c for thirty minutes. Thereafter, 2.5 
ml of 10% w/v trichloroacetic acid and 0.5 ml 0.1% 

w/v ferric chloride were added to the mixture and 
then kept aside for 10 minutes. Finally, the 
absorbance was measured at 700 nm. All tests were 
done in triplicate and the absorbances were 
averaged. 
 
A graph of absorbances against concentrations of 
the extract/fraction and ascorbic acid was plotted. 
 
Total antioxidant capacity: PM assay 
Total antioxidant activity was estimated by 
phosphomolybdenum (PM) assay as described by 
Prieto et al. [23]. The PM assay is based on the 
reduction of Phosphate-Mo (VI) to Phosphate Mo (V) 
by the sample and a subsequent formation of a 
bluish-green coloured phosphate /Mo (V) complex at 
acid pH. This method is routinely applied in the 
laboratory to evaluate the total antioxidant capacity 
of plant extracts [23]. Briefly, different concentrations 
(12.5 - 200 µg/ml) of the hydromethanolic stem 
extract of Costus afer and its residual aqueous 
fraction were added to each test tube individually 
containing 3 ml distilled water and 1 ml Molybdate 
reagent solution. The tubes were incubated at 95ᵒC 
for 90 minutes. After incubation, the tubes were 
normalized to room temperature for 20-30 min. and 
the absorbance of the reaction mixture was 
measured at 695 nm. All tests were done in triplicate 
and the mean values of absorbance were calculated 
for each concentration of the extract and fraction. 
Ascorbic acid was used as positive reference 
standard. 
 
Statistical analysis 
Data were expressed as mean ± standard error of 
mean and presented as Tables or Figures. Data 
were analysed using One Way Analysis of Variance 
(ANOVA) followed by Bonferroni post hoc multiple 
comparisons test. Significant differences between 
means were assessed at 95% level of significance ie 
p-values less than or equal to 0.05 (p ≤ 0.05) were 
considered significant. SPSS Version 20 (2011) 
software package was used to carry out the 
statistical analysis of the data. 
 
 
 
RESULTS 
Estimation of total phenolic content of the 
hydromethanolic stem extract of Costus afer and 
its residual aqueous fraction 

 

Total phenols 
The total phenolic content of the hydromethanolic 
stem exract of Costus afer and its residual aqueous 
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fraction was obtained from the regession equation 
(R) for the calibration curve of standard tannic acid 
(y= 0.0957x + 0.0399, R2=0.9942) and expressed as 
tannic acid equivalent (TAE). The hydromethanolic 
stem extract yielded 129.8 mg TAE/g of extract and 
the residual aqueous fraction yielded 70.2 mg TAE/g 
of fraction. 
 
Flavonoid content 
The flavonoid content of the hydromethanolic stem 
extract of Costus afer and its residual aqueous 
fraction was obtained from the regression equation 
(R) for the calibration curve of standard quercetin (y 
= 0.0255x, R2 = 0.9812) and expressed as Quercetin 
equivalent (QE). The hydromethanolic stem extract 
yielded 254.9 mg QE/g of extract and the residual 
aqueous fraction yielded 152.9 mg QE/g of fraction. 
 
In vitro antioxidant activity 
DPPH radical scavenging activity 
The DPPH antioxidant activity of hydromethanolic 
stem extract of Costus afer and its residual aqueous 
fraction was assessed at concentrations between 
12.5 µg/ml and 200 µg/ml and it was found to be 
generally good. The hydromethanolic extract 
produced a minimum of 50.5% radical scavenging 
activity at 25 µg/ml concentration and 87.2% radical 
scavenging activity at 200 µg/ml, while the residual 
aqueous fraction produced radical scavenging 
activities of 27.7% and 83.6% at 25 µg/ml and 200 
µg/ml concentrations respectively and these 
scavenging activities were not significantly different 
(p>0.05) Ascorbic acid, the reference drug produced 
81.0% and 99.6% at 25 µg/ml and 200 µg/ml 
concentrations respectively which were significantly 
higher than those of the extracts (p≤0.05)  (Table 1) 
The DPPH radical scavenging activities of the 
hydromethanolic stem extract of Costus afer and its 
residual aqueous fraction as well as ascorbic acid 
were dose-dependent and they had IC50 values of 
23.60 ± 1.00 µg/ml, 49.40 ± 1.20 µg/ml and IC50 of 
1.04 ± 0.10 respectively (Table 1). 
The order of DPPH radical scavenging activity is as 
shown below; 
Ascorbic acid > hydromethanolic stem extract > 
residual aqueous fraction. 
 
Hydrogen peroxide scavenging activity 
The scavenging activity of the hydromethanolic stem 
extract of Costus afer and its residual aqueous 
fraction for hydrogen peroxide decreased with 
increasing concentration with IC50 values of 31.6 ± 
2.3µg/ml and 63.1 ± 3.5µg/ml respectively. Ascorbic 
acid had the lowest IC50 value of 20.0 ± 1.7 µg/ml 

which was significantly lower than those of the 
extracts (p≤0.05) (Table 2). 
 
Ferric ion reducing antioxidant power (FRAP) 
activity 
FRAP Assay measured the reducing potency of the 
hydromethanolic extract and residual aqueous 
fraction as compared to the reference standard, 
ascorbic acid. The higher the absorbance, the higher 
the reducing potency. There were concentration-
dependent increases in reducing potencies of the 
extract, residual aqueous fraction and ascorbic acid 
as shown in Figure 1. 
The reducing potency of the hydromethanolic stem 
extract of Costus afer was higher than that of the 
residual aqueous fraction but not statistically 
significant (p>0.05). Ascorbic acid had the highest 
reducing potency (Figure 1) which was significantly 
higher (p ≤0.05) than those of hydromethanolic stem 
extract and the residual aqueous fraction. 
 
Total antioxidant capacity (T-AOC) – PM assay 
There were concentration-dependent increases in 
the total antioxidant capacities of the 
hydromethanolic stem extract of Costus afer and its 
residual aqueous fraction as well as that of the 
reference standard, ascorbic acid. The total 
antioxidant capacity of hydromethanolic stem extract 
of Costus afer was greater than that of the standard 
drug, ascorbic acid but the difference was not 
statistically significant (p>0.05). The residual 
aqueous fraction of Costus afer had a similar total 
antioxidant capacity to ascorbic acid, the reference 
drug (p>0.05) (Figure 2). 
 
 
 
DISCUSSION 
The DPPH radical scavenging activity of the 
hydromethanolic stem extract of Costus afer was 
higher than that of the residual aqueous fraction as 
they had IC50 of 23.60 ± 1.00 µg/ml and 49.4 ± 1.20 
µg/ml respectively. The reference standard, 
Ascorbic acid produced the highest DPPH radical 
scavenging activity with an IC50 of 1.04 ± 0.10 µg/ml. 
The higher total phenol content (129.8 mg tannic 
acid equivalent per gram of hydromethanolic extract 
versus 70.2 mg tannic acid equivalent per gram for 
the residual fraction and flavonoids (254.9 mg 
quercetin equivalent/g of hydromethanolic extract 
versus 152.9 mg quercetin equivalent/g of residual 
aqueous fraction) may be responsible for the higher 
DPPH radical scavenging activity of the 
hydromethanolic extract.  
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Table 1: DPPH radical scavenging activity of the hydromethanolic stem extract of Costus afer and its residual 
aqueous fraction 
 

Extract/Fraction 
concentration 
(µg/ml) 

Average 
RSA (%) 

 
HMECA   

 
 
 
RAFCA 

 
 
 
   AA 

IC50 (µg/ml) 
 
HMECA       

 
 
 
RAFCA 

 
 
 
      AA 

12.5 29.7 15.8 73.2    
25.0 50.5 27.7 81.0    
50.0 78.6 48.7 91.0 23.60±1.00* 49.40±1.20* 1.04 ± 0.10 
100.0 85.3 75.7 96.9    
200.0 87.2 83.6 99.6    

 
Values are means ± S.E.M, n=3, One Way ANOVA, *P≤ 0.05 = significant difference between IC50 values of 
HMECA and RAFCA when compared to the standard drug, AA. 
Key:  
HMECA = Hydromethanolic stem extract of Costus afer 
RAFCA = Residual aqueous fraction of Costus afer 
AA = Ascorbic acid. 
 

 
 
 
 
 
Table 2: Hydrogen peroxide scavenging activity of the hydromethanolic stem extract of Costus afer and its residual 
aqueous fraction 
 

Extract/Fraction 
concentration 
(µg/ml) 

 
 
 
HMECA 

Average 
RSA (%) 
RAFCA 
 

 
 
 
AA 

 
 
 
HMECA 

IC50 
(µg/ml) 
 
RAFCA 

 
 
 
AA 

12.5 75.7 85.0 55.2    
25.0 61.1 76.6 47.7    
50.0 36.2 60.9 33.5 31.6±2.3* 63.1±3.5* 20.0±1.7 
100.0 9.3 33.8 -9.2    
200.0 6.0 15.3 -26.5    

 
Values are means ± S.E.M, n=3, One Way ANOVA, *P≤ 0.05 = significant difference between IC50 values of 
HMECA and RAFCA when compared to the standard drug, AA. 
Key: 
HMECA = Hydromethanolic stem extract of Costus afer  
RAFCA = Residual aqueous fraction of Costus afer  
AA = Ascorbic acid. 
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Figure 1: Ferric reducing antioxidant activity of hydromethanolic stem extract of Costus afer (HMECA) and its 

residual aqueous fraction (RAFCA); AA= Ascorbic acid. 
 

  
 

Figure 2: Total antioxidant capacity (TAC) of hydromethanolic stem extract of Costus afer (HMECA) and its 
residual aqueous fraction (RAFCA); AA=Ascorbic acid.   
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Polyphenols possess hydroxyl (OH) groups which 
act as positive moieties for their antioxidant activities 
[24] and a number of studies have demonstrated a 
positive correlation between the polyphenol content 
of plant samples and their antioxidant capacities [25, 
26]. Several studies have demonstrated that the 
higher the phenolic and flavonoid contents of 
medicinal plants the higher their antioxidant activities 
[27]. This agrees with the findings in our study. 
It is possible that the antioxidant compounds present 
in the Costus afer stem may have neutralized the 
free radical character of DPPH, leading to a 
reduction in absorption and subsequent colour 
change from purple of DPPH radical to the yellow 
coloured diphenyl picrylhydrazine [28]. Discoloration 
probably occurred due to decreasing quantities of 
DPPH in the environment and this reflected the 
radical scavenging activity of the analysed extract 
[29]. 
The ability of the hydromethanolic stem extract of 
Costus afer and its residual aqueous fraction to 
scavenge hydrogen peroxide was also 
demonstrated as they had IC50 values of 31.6 ± 
2.3µg/ml and 63.1 ± 3.5 µg/ml respectively. 
Ascorbic acid had the lowest IC50 value of 20.0 ± 1.7 
µg/ml.  Hydrogen peroxide is a non-free radical and 
the ability of a plant extract or compound to prevent 
the decomposition of hydrogen peroxide into free 
hydroxyl radicals is a measure of its antioxidant 
activity. Hydrogen peroxide is an important reactive 
oxygen species because of its ability to penetrate 
biological membranes. However, it may be toxic if 
converted to hydroxyl radical in the cell by reacting 
with Fe2+ and possibly Cu2+ ions [30]. 
The ferric ion reducing antioxidant power (FRAP) 
assay was also used to assess the antioxidant 
potential of the hydromethanolic stem extract of 
Costus afer and its residual aqueous fraction. The 
reducing power was determined on the basis of the 
ability of their antioxidant principles to form coloured 
complex with potassium ferricyanide, trichloroacetic 
acid (TCA) and ferric chloride. The higher the 
absorbance of the reaction mixture, the higher the 
reducing power [5]. The result of this study showed 
that the hydromethanolic stem extract of Costus afer 
had a higher ferric ion reducing potency than the 
residual aqueous fraction, but ascorbic acid, the 
reference standard drug, had the greatest reducing 
potency. The anti-radical property of flavonoids is 
directed mostly toward hydroxyl, superoxide as well 
as peroxy and alkoxyl radicals [5]. Flavonoids also 
have a strong affinity for ferric ions which are known 
to catalyze many processes leading to the 
appearance of free radicals and they are also 
capable of chelating iron [5]. While the antioxidant 

potential of Costus afer cannot be attributed to a 
single bioactive component, it is possible that the 
bioactive components act synergistically or 
antagonistically with one another. Phenolic 
compounds of plants fall into several categories and 
chief among them are flavonoids which have potent 
antioxidant activities [31]. The antioxidant activities 
of flavonoids depend on their molecular structure as 
the position of the OH group and other features are 
important for their antioxidant and free radical 
scavenging activities [31]. 
The total antioxidant capacity (T-AOC) level which is 
an indication of the status of non-enzymatic reactive 
oxygen species (ROS) defense system [2] of the 
hydromethanolic stem extract of Costus afer and its 
residual aqueous fraction was estimated by the 
phosphomolybdenum (PM) assay. The result 
showed dose-dependent increase in absorbance for 
the hydromethanolic extract, residual aqueous 
fraction and ascorbic acid. However, the 
hydromethanolic extract of Costus afer produced 
higher absorbances than ascorbic acid indicating a 
higher total antioxidant capacity than the reference 
standard. The residual aqueous fraction of Costus 
afer had the lowest absorbances. It has been 
reported that many flavonoids and related 
polyphenols contribute to the phosphomolybdate 
scavenging activity of medicinal plants [33]. From 
this result, it is possible that the antioxidant activity 
of C. afer is mainly through the non-enzymatic 
antioxidant system as the results of DPPH radical 
scavenging, hydrogen peroxide scavenging, FRAP 
and Total Antioxidant Capacity (T-AOC) assays all 
showed good activities. 
 
 
CONCLUSION 
The results of this investigation suggest that the 
hydromethanolic stem extract of Costus afer and its 
residual aqueous fraction possess good in vitro anti-
oxidant activities which may be attributed to the 
presence of phenolic compounds. This plant may be 
a source of new natural antioxidants and the results 
justify its use in several oxidative stress-related 
diseases in ethnomedicine. 
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