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ABSTRACT 

Objective: In the context of today’s scenario of disease progression due to oxidative stress, there is a need to find out natural antioxidants of plant 
origin. Several plants have been used as food as well as medicine. Dioscorea alata L. (DA) is one of the plants routinely used as food and medicine 
and can be effectively utilized as source of natural antioxidants. DA is an important staple food as well as medicinal plant but its scientific 
authentication and mechanism of action has not been investigated.  

Methods: We investigated ethanolic and water extracts of DA for its polyphenolic content and free radical quenching potential using in vitro system.  

Results: Both the extracts showed high reductive potential and total antioxidant capacity. Similarly, it has effective free radical scavenging potential 
against 2, 2-diphenyl-1-picrylhydrazyl, nitric oxide and lipid peroxidation. Comparatively, potency of ethanol extract resembles with standard 
ascorbic acid, which may be due to presence of different classes of phenolic compounds. Water extract also showed presence of polyphenols except 
flavonols. There was positive correlation between total phenol, total flavonoids, total flavonol, total proanthocyanidins content and free radical 
scavenging activity of plant.  

Conclusion: The data clearly demonstrated that DA tubers are potential source of natural antioxidants and may be a good candidate for 
pharmaceutical plant based products. Studies on its mechanism of action may yield a potential compound against oxidative stress. 
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INTRODUCTION 

In recent years, there is an upsurge in the areas related to new 
developments in prevention of disease, particularly in the role of free 
radicals and antioxidants. The relation between free radicals and 
disease can be explained by the concept of ‘oxidative stress’. In a 
normal healthy human body, the generation of pro-oxidants in the 
form of Reactive Oxygen Species (ROS) and Reactive Nitrogenous 
Species (RNS) are effectively kept in check by various antioxidants. 
Free radicals inherently react with certain chemicals in body and 
thereby interfere with the cell’s ability to function normally. It is 
increasingly being realized that many of the modern human diseases 
are due to oxidative stress initiated by overproduction of ROS. This can 
result in tissue injury, disease progression and oxidative damage of 
proteins and nucleic acids. Lack of antioxidants to quench the excess 
reactive free radicals leads to different diseases like cancer, 
neurodegenerative and inflammatory disorders etc [1]. Therefore, 
recent studies are focussed on plants having high free radical 
quenching properties as a substitute to dietary intake of synthetic 
antioxidants which could cause genotoxicity and carcinogenicity at 
high concentrations [1]. 

Natural antioxidants from plant origin are more beneficial in 
reducing ROS levels, due to synergistic actions of wide range of 
biomolecules such as phenols, flavonoids, vitamin C, vitamin E and 
phytomicronutrients [2]. Among the entire tuber crops, Dioscorea 
alata L. (DA) is one of the medicinally potent plants. This plant is 
mostly studied for its starch granules and structure [3]. D. alata is 
known for its high carbohydrate content where starch is major 
carbohydrate reserve accounting for 85% of dry matter and is being 
studied as an alternative source of starch [4]. Five estrogenic 
compounds were isolated and identified from tubers of D. alata by 
Cheng et al [5]. The tubers are reported to have antihypertensive [6], 

bone protective [7], immunostimulatory [8] and anticlastogenic 
effects [9]. Dioscorin is found in D. alata which is a storage protein 
and has antihypertensive, enzymatic, immunomodulatory, lectin 
activities [10]. Since free radicals are major cause of most of the 
diseases and D. alata has a good medicinal value, study of 
polyphenolic content and free radical quenching properties of DA 
would yield important insights into the physiological role of tubers 
of Dioscorea alata L. 

MATERIAL AND METHODS  

Collection of plant material 

Plant material was collected from cultivated pots from Maval (Pune) 
and authenticated. Their voucher specimens were deposited in 
herbaria of Medicinal Plants Conservation Centre (MPCC). Dioscorea 
alata L. (MPCC 0578). 

Sample Preparation and Extraction 

Fresh tubers were cut in small pieces and shade dried in the 
laboratory. The dried material was then pulverized using an 
electronic blender and stored in an air tight polythene bags for 
further use. Ethanol and water extracts were prepared using hot and 
cold extraction method respectively [11]. The ethanol extract (DAE) 
was concentrated to dryness under vacuum using rotary evaporator. 
Water extracts (DAW) were filtered through filter paper. The yield of 
dried ethanol extract as a percentage weight of dried plant powder 
was 11.79 % and 2.72 % for water extract of DA.  

Chemicals 

Quercetin, Aluminium chloride (AlCl3), Catechin, 2, 4, 6-tripyridyl-s-
triazine (TPTZ), 2, 2- Diphenyl-1-picrylhydrazyl (DPPH), Sodium 
nitroprusside (SNP) was purchased from Sigma Chemical Co. (St Louis, 
MO, USA). Folin- ciocalteu reagent, Thiobarbaturic acid (TBA), N-1-
Napthyl ethylene diamine dihydrochloride (NED) was purchased from 
Loba chemie, Potassium ferricyanide, Trichloroacetic acid, Butylated 
hydroxyl toluene (BHT), Potassium chloride were purchased from 
Merck, Mumbai. Gallic acid, Vanillin, Sulphanilamide was purchased 
from Sisco Research Laboratory. All reagents were of analytical grade 
and distilled water was used throughout. 

Polyphenolic content 

Determination of Total Phenolic Content 

The total phenolic content of extracts was determined as described 
earlier [12]. Samples were analyzed at final concentration of 0.1 
mg/ml. The standard curve was prepared using gallic acid and 
values were expressed as gallic acid equivalents.  
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Determination of Total Flavonoid and Flavonol content  

The total flavonoids were determined using the method of Khan et al 
[13]. The plant extracts were evaluated at a final concentration of 1 
mg/ml. Total flavonoid and flavonol content was calculated as 
quercetin equivalent (mg/g) using equation obtained from the 
regression curve.  

Determination of Total Proanthocyanidin Content 

The total proanthocyanidins were determined as previously 
described [14], where absorbance of red color was measured 
spectrophotometrically at 500nm. The total proanthocyanidin 
contents were expressed as catechin equivalent (mg/g).  

Reducing ability Assays 

Ferric Reducing Antioxidant Power assay (FRAP) 

The ferric reducing power of the extracts was assayed by the 
method as described previously [15]. Absorbance of the sample 
extracts and standard was read at 593nm against reagent blank. The 
results expressed as Fe (II) equivalent (µ moles/ml). 

Reducing activity or Reducing Power assay 

The reducing power of extracts was assayed as described previously 
[12]. The absorbance was measured spectrophotometrically at 700 
nm. The higher absorbance of the reaction mixture indicates strong 
reducing power of the plant extracts and compared with standard 
ascorbic acid. 

Free radical scavenging assays 

Total antioxidant capacity assay by phosphomolybdenum method 

Total antioxidant capacity of extracts was assayed [12] and results 
were expressed as gallic acid equivalents. 

2, 2- Diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Assay 

In this method absorbance of the mixture was measured at 517 nm 
using spectrophotometer and ascorbic acid was used as standard 
[12]. The scavenging ability of the plant extract was calculated using 
following equation: 

Scavenging activity (%) = [(Abs control – Abs sample)]/ (Abs control)] x 100 

Where, Abs control is the absorbance of DPPH in methanol; Abs sample is 
the absorbance of sample or standard. 

Anti-lipid peroxidation assay 

Anti-lipid peroxidation assay was performed [15] in which the 
complex of TBA-MDA which is formed in this assay is selectively 

detected at 532nm against solution without FeCl3 (normal) and 
without drug (induced).  

Scavenging activity (%) = [(O.D. induced – O.D. sample)/ (O.D. 
induced – O.D. Normal)] x 100 

Nitric oxide (NO) scavenging assay  

To determine the nitric oxide radical scavenging activity the reaction 
mixture contained SNP (10mM) in phosphate buffered saline (pH 
7.4) and different concentration of extract and it was incubated for 
150 min at 250C. Then 125µl from above reaction mixture was 
reacted with griess reagent, in which firstly with 1% sulphanilamide 
(0.1ml), and after 5 min incubation with 0.1% NED (0.1ml) in 5% 
phosphoric acid. After 5 min incubation, pink chromogen, indicating 
nitrite formation, was quantified by the Griess-Illosvoy reaction at 
540nm [17]. The nitric oxide radicals scavenging activity was 
calculated according to the equation  

Scavenging activity (%) = [(Abs control – Abs sample)]/ (Abs control)] x 100 

Statistical analysis 

The observations were replicated thrice for each parameter, mean 
values were pooled and standard deviation (S.D.) was calculated. 

RESULTS AND DISCUSSION 

Polyphenolic content 

Determination of total phenolic content 

Maximum total phenolic content was recorded in DAE (2.69 ± 0.02 
mg/g of GAE) while the low concentration was present in DAW 
which is 0.89 ± 0.03 mg equivalent GAE/g dry mass per 100 µg plant 
extract. Phenol antioxidant index is a combined measure of the 
quality and quantity of antioxidants and is responsible for effective 
free radical scavenging and antioxidative action. The antioxidant 
capacity of phenolic compounds has long been accepted for their 
ability to scavenge radicals and strong chain-breaking actions, 
thereby protecting cells against the detrimental effects of reactive 
oxygen species [16]. 

Determination of total flavonoids, flavonols and 
proanthocyanidins content 

Flavonoids are phenolic substances which have important structure- 
activity relationships of the antioxidant activity. The concentrations of 
flavonoids, flavonols and proanthocynidins content were high in 
ethanolic extract and least in water extract (Table 1). Flavonoids are 
common as oligomers and polymers (condensed tannin or 
proanthocyanidins) and are divided into several classes like flavones, 
flavonols, isoflavones, anthocyanidins, flavonols and flavanones [2]. 
Their mechanism of action is through scavenging or chelation [12]. 

 

Table 1: Total flavonoid, flavonol and proanthocyanidin content per 1 mg/ml of extract 

Drug Total flavonoid content  
(mg QE/g)b 

Total flavonol content  
(mg QE/g)b 

Total proanthocyanidin content 
(mg CE/g)c 

 DAEa,d 0.75 ± 0.02 3.6 ± 0.03 5.93 ± 0.09 
DAWa,e 0.14 ± 0.02 - 1.73 ± 0.06 

aAll experiments were done in triplicates and data were expressed as mean and standard deviation (SD).  
bData expressed in mg quercetin equivalent/g dry weight (mg QE/g) 
cData expressed in mg catechin equivalent/g dry weight (mg CE/g) 
dDAE, Dioscorea alata ethanol extract 
eDAW, Dioscorea alata water extract 
 

Reducing ability Assays 

Ferric reducing or antioxidant power assay (FRAP) 

The trends for ferric ions reducing activities of D. alata extracts at 
same concentrations were observed (Table No.2). DAE showed 
relatively strong ferric ion reducing activity (12 ± 0.04) and low (4.6 ± 
0.06) activity in DAW equivalent to Fe (II)/g dry mass. The ferric 
reducing power was higher in DAE indicating the hydrogen donating 
ability of the extract. In FRAP, intense blue color was monitored which 
is formed in non specific reaction where ferric tripyridyltriazine (Fe III 

TPTZ) complex is converted to ferrous form. This assay is implied for 
determining hydrophilic antioxidants [18]. 

Reducing activity or Reducing power assay 

The dose-response increase in the reducing powers of tested 
samples were observed and correlated well with the increasing 
concentration (Table No. 2.). Results of antioxidative activity 
determined by Fe+3/Fe+2 reducing activity showed that both extracts 
of D. alata possessed the iron (III) to (II) reducing activity and it was 
higher in DAE than DAW. 
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Table 2: Reducing capacity expressed with standard equivalents 

Sample Conc.  
(µg/ml) 

FRAP 
(µM Fe(II)/gm)  

Reducing Power assay 
(mg Asc AE/g) 

DAEa,d 25 3.77 ± 0.06 0.26 ± 0.03 
 50 6.03 ± 0.32 0.55 ± 0.01 
 100 12.0 ± 0.04 0.87 ± 0.01 
DAWa,e 25 2.13 ± 0.06 0.04 ± 0.03 
 50 2.87 ± 0.06 0.15 ± 0.03 
 100 4.60 ± 0.06 0.31 ± 0.03 

aAll experiments were done in triplicates and data were expressed as mean and standard deviation (SD).  
bData expressed in µM Fe (II) equivalent/g dry weight (µM Fe (II)/gm) 
cData expressed in mg Ascorbic acid equivalent/g dry weight (mg Asc AE/g) 
dDAE, Dioscorea alata ethanol extract 
eDAW, Dioscorea alata water extract 
 

Free radical scavenging assays 

Total antioxidant capacity assay by phosphomolybdenum method 

The activities of both extracts tremendously increased with the 
concentration of the sample (Figure 1). Ethanolic extract exhibited 
comparatively high activity than water extract. The 
phosphomolybdenum method is quantitative since the total 
antioxidant activity is expressed as the number of equivalents of gallic 
acid. This assay represents activity of all the compounds including 
polyphenols. The total antioxidant activity of the extract was 
calculated from the formation of green colored complex at acidic pH, 
which was measured spectrophotometrically at 695nm [12]. 
Interaction with the extract or standard increases the formation of 
green colored complex and ultimately increases the absorbance.    

 

Fig. 1: Total antioxidant capacity 

2, 2- Diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Assay 

Being a stable free radical, DPPH is often used to determine 
radical scavenging activity of natural compounds. The reduction 
capability of DPPH was determined by the decrease in its 
absorbance at 517nm, which is induced by antioxidants activity 
[14]. The ethanol extract of D. alata revealed inhibition of DPPH 
radical with a 50% inhibition (IC50) at a concentration of 12.9 ± 
0.32μg/ml, while water extract was shown to occur least activity 
(IC50 70.6 ± 0.72μg/ml). The concentration dependent curve of 
DPPH radical scavenging activity of both extracts compared well 
with standard ascorbic acid (IC50 20.1 ± 3.19μg/ml) (Fig. 2) and 
its polyphenolic content, which suggests that ethanol extract 
possesses high scavenging activity than standard and it has 
ability to scavenge DPPH radical and relatively its strong proton 
donating ability [14].  

Anti-lipid peroxidation assay 

The effects of both extracts of D. alata and standard, on non 
enzymatic peroxidation are shown in Fig. 3. The percentage 
inhibition of peroxide formation increased in a dose dependant 
manner. The highest activity was remarked for DAE (IC50 33.7 ± 
4.23μg/ml) and is more potent in inhibition of lipid peroxidation in 

goat liver homogenate than DAW (IC50 161.7 ± 1.78μg/ml). Standard 
used was ascorbic acid (IC50 5.5 ± 0.13μg/ml). Lipid peroxidation is 
probably the most extensively investigated free radical induced 
process. It induces lipid peroxidation in poly unsaturated lipid rich 
areas like brain and liver [19]. 

 

 

Fig. 2: Comparative DPPH scavenging activity of DA extracts 

 

Fig. 3: Anti - lipid peroxidation assay 

Nitric oxide scavenging assay 

A trend in nitric oxide scavenging activities of D. alata extracts at 
different concentrations as compared with standard ascorbic acid is 
presented in Fig. 4. Suppression of released NO may be partially 
attributed to direct NO scavenging [20], as the extracts of D. alata 
decreases the amount of nitrite generated from the decomposition 
of SNP in vitro. The scavenging of NO by extracts increased in dose 
dependent manner. DAE showed maximum activity of 79.32% and 
DAW showed 60.33% at 1 mg/ml, whereas ascorbic acid at the same 
concentration exhibited 82.64% inhibition. Results revealed that 
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DAE has property to counteract with the effect of NO formation and 
in turn may be of considerable interest in preventing the ill effects of 
excessive NO generation in vivo. 

 

Fig. 4: Nitric oxide (NO) radical scavenging assay 

On the basis of the results obtained in the present study, it is 
observed that ethanolic extract of Dioscorea alata L. tubers, which 
contains large amounts of flavonoids, flavonols, proanthocynidins 
and phenolic compounds, exhibits reducing power and free radical 
quenching properties. It is the extent of these phytochemicals 
present in these extracts being responsible for its marked 
antioxidant activity as assayed through various in vitro methods. 
These results are supported by some earlier work published viz. 
heat treatment could reduce the phenolic content and DPPH radical 
scavenging activity of D. alata tubers [21]. Additionally, 
hydroalchoholic extract of tubers of D. alata showed high phenolic 
content, reducing power and it gives protection against 
hypochlorous acid damage at low doses [22]. Thus, present 
investigation confirms its activity as natural antioxidant. 

CONCLUSION 

This study affirms the in vitro free radical quenching potential of 
crude extracts of the tubers of D. alata, with results comparable to 
those of the standard compounds such as gallic acid, ascorbic acid, 
quercetin and catechin. However, the components responsible for 
the antioxidative activity are currently unclear. Therefore, further 
research is necessary to isolate the active components of these 
extracts including in vivo antioxidant activity. This needs to be 
assessed prior to commercial use of this plant. 
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