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Abstract Modern research is directed towards finding

naturally-occurring antioxidants of plant origin for

improving nutrition and health benefit. Wild yam species

are used as indigenous food and medicine by various tribal

groups of Koraput, India. However, detailed analysis of

health promoting bioactive compounds and antioxidant

properties are lacking. The present study aims to evaluate

the flavonoid, total antioxidant capacity and in vitro

antioxidant activity of different wild and cultivated Dios-

corea species of Koraput. The extract of these tuber was

screened for its potential antioxidant activities by various

tests, such as DPPH, nitric oxide, superoxide and ABTS

radical cation assay. The phenol, flavonoid and total

antioxidant capacity of the samples were ranged from 2.19

to 9.62 mg g-1 dry weight, 0.62–0.85 mg g-1 dry weight

and 1.63–5.59%, respectively. The IC50 values were

77.9–1164, 101.2–1031.6, 27.0–1022.6 and

47.1–690 lg ml-1 for DPPH, ABTS, superoxide and nitric

oxide scavenging activity, respectively. Taken together,

some wild yam species such as D. bulbifera, D. pubera and

D. pentaphylla had significantly higher flavonoids content

and antioxidant capacity along with the lower IC50 values

than the standards in compared to the other species. The

present studies confirmed that some wild yam tubers have

superior potential for scavenging deleterious free radicals

effectively. Results indicated that these wild yam species

should be promoted as natural source of antioxidants.

Keywords Antioxidant activity � Flavonoid � Radical
scavenging activities � Wild yam species

Introduction

Naturally derived antioxidants are used as foods or

medicinal products to replace synthetic antioxidants could

help to protect from oxidative stress and to strengthen the

defense system against degenerative diseases (Sylvie et al.

2014; Kathirvel and Sujatha 2012). Yams (Dioscorea spp.)

are an integral part of food systems in the tropics, estimated

to provide more than 200 dietary calories each day for over

60 million people (FAO 2015). It is also considered as a

famine food for small and marginal rural families and

forest-dwelling communities during the food scarcity

periods (Otegbayo et al. 2018; Padhan et al. 2018). Apart

from food, some yam species are commonly utilized in

many pharmaceutical preparations owing to their special

bioactive constituents (Wu et al. 2016; Padhan and Panda

2016). It is known to contain a good quantity of secondary

metabolites such as alkaloids, tannins, flavonoids, sapo-

nins, glycoside steroids, anthraquinones and polyphenols

(Bhandari and Kawabata 2004; Niu et al. 2010; Cornago

et al. 2011). Some wild yam species have pharmacological

properties which inhibit cell proliferation activities, anti-

fungal, anticancer and hepato-protective properties (Wu

et al. 2016). Despite their popular consumption and eco-

nomic importance, there is an obscure knowledge of their

antioxidant constituents has provided inadequate bases for
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pharmacological action. As a result, the risk of ineffective

treatment has greatly increased in traditional medicinal

practice (Wu et al. 2016). Yams are reported to having the

7th highest antioxidant concentration among 11 root and

tuber crops (Halvorsen et al. 2002). The antioxidant

properties was reported in different tubers crops such as

potato (Reyes 2005; Rumbaoa et al. 2009), sweet potato

(Teow et al. 2007; Rumbaoa et al. 2009), cassava and taro

(Lako et al. 2007), however, there is dearth of information

on the antioxidant properties of underutilized wild edible

yam species.

The Koraput district of Odisha is one of the biodiversity

hot spots in India, harbors abundant tropical root and

tuberous plant resources (Padhan and Panda 2016). The

diversity of wild edible yams in this region traditionally

plays a significant role in meeting nutritional, minerals and

antioxidant requirement of ethnic communities (Mishra

et al. 2008; Padhan and Panda 2016; Kumar et al. 2017).

However, the systematic investigation on natural antioxi-

dant potential of the wild edibles yams of the region is

meagre. Therefore, the present study aims to evaluate the

health promoting antioxidant activity in different

underutilized wild and cultivated yams from Koraput by

using different in vitro assay. The findings of the study are

of great help in determining suitable action in traditional

medicine by the traditional healer of indigenous commu-

nities and will enrich the national food composition data-

base for exploration of natural antioxidants.

Materials and methods

The antioxidant potential of eight wild edible yam tubers,

namely Dioscorea oppositifolia L., D. hamiltonii Hook.f.,

D. bulbifera L., D. pubera Blume., D. pentaphylla L., D.

wallichii Hook.f., D. glabra Roxb. and D. hispida Dennst.

along with one cultivated species D. alata L. from Koraput,

India were investigated in the current study. The details of

yam tuber and their ethnomedicinal importance were

reported in Table S1. These yam tubers were selected for

the study for their abundant use in tribal food and ehno-

medicine of this region. The mature tubers of different

species were collected from the medicinal plant garden of

Department of Biodiversity and Conservation of Natural

Resources, Central University of Orissa, Koraput, India,

which were grown under the same climatic and agronomic

condition (Padhan and Panda 2018). Briefly, plants were

grown in polythene bags filled with mixture of farm soil

and farmyard manure with a 3:1 ratio and plants were

irrigated regularly and subjected to natural solar radiation.

The tubers were harvested after all the vines dried. After

collection, the tubers were washed, peeled, made into small

slices and shade dried for 4-6 days. The dried tuber

samples were mechanically ground into powder and used

for analysis.

The tuber flour of different yams (10 g) was macerating

in 100 ml of methanol and keep at room temperature for

72 h. The solution obtained was filtered through a What-

mann filter paper No. 1 and stored at 4 �C for further

analysis. The phenol content was determined using the

method of Sadasivam and Manickam (2007) with some

modifications. An aliquot was prepared with 1 ml extract,

0.5 ml Folin-Ciocalteu’s reagent (2:1) and 2 ml of 20%

Na2CO3 and the mixture was incubated for 2 min. The

absorbance was measured at 650 nm and the total phenol

content was expressed as gallic acid equivalence (GAE)

mg g-1 dw using gallic acid as a standard. Total flavonoid

content was determined by Aluminium chloride colori-

metric assay with some modification, according to Chang

et al. (2002). The crude extracts (0.5 ml) was added with

0.1 ml AlCl3, 0.1 ml Pottasium acetate, 2.5 ml distilled

water and allowed to stand for 30 min. The absorbance was

measured at 415 nm with spectrophotometer. Results were

expressed as mg flavonoid g-1 of dry samples using

Quercitin as standard. The total antioxidant capacity of the

extract was evaluated by the Phospho-molybdenum method

with some modification of Prieto et al. (1999). An aliquot

of 300 ll of tuber extract was mixed with 3 ml of the

reagent 0.6 M sulphuric acid (H2SO4), 28 mM sodium

dihydrophosphate dihydrate and 4 mM ammonium hepta-

molybdate tetrahydrate) and allowed to incubate in water

bath at 90 �C of 90 min. Then the absorbance was mea-

sured at 695 nm against blank after complete cooling. The

percentage of antioxidant activity as calculated by fol-

lowing equation.

Antioxidant activity %ð Þ ¼ Asample � Ablank

� ��

Aascorbic acid�Ablankð Þ= � � 100

The free radical scavenging activity of different tuber

extracts was evaluated by DPPH following Blois (1958)

with some modifications. Briefly, the solution of DPPH

(0.1 mM in methanol) of 1 ml was added to 3 ml of vari-

ous concentrations (100 to 1000 lg/ml) of tuber extract.

The mixtures were shaken vigorously and incubated at

room temperature for 30 min in the dark. The reduction of

the DPPH free radical was measured at 517 nm using UV-

VIS spectrophotometer against a control contains DPPH

and methanol. Ascorbic acid was used as the reference. The

capability of the scavenging the DPPH radical was calcu-

lated by using the following formula

DPPH radical scavenging activity % inhibitionð Þ
¼ Acontrol�Atestð Þ=Acontrol½ � � 100

where Acontrol is the absorbance of the control and Atest is

the absorbance of samples.
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ABTS radical scavenging assay was carried out with

slight modifications of Re et al. (1999). The stock solutions

included 7 mM ABTS solution and 2.4 mM potassium per-

sulfate solution. Various concentrations (100–

1000 lg ml-1) of the tuber extracts (1 ml) were allowed to

react with 2.5 ml of the ABTS solution and the absorbance

was taken at 734 nm after 7 min. The ABTS scavenging

capacity of the extract was compared with that of trolox

and percentage inhibition was calculated as

ABTS radical scavenging activity %ð Þ
¼ Acontrol�Atestð Þ=Acontrol½ � � 100

where Acontrol is the absorbance of ABTS radical with

methanol; Atest is the absorbance of ABTS radical with

sample extract as standard.

Nitric oxide was generated from sodium nitroprusside

and was measured by the Griess reagent using the method

of Green et al. (1982). Sodium nitroprusside (10 mM) was

mixed with different concentrations of the extract and

incubated at 25 �C for 150 min. The samples were added to

Griess reagent (1% sulphanilamide, 2% H3PO4 and 0.1%

napthyl ethylene diamine dihydrochloride). The absor-

bance was read at 546 nm and referred to the absorbance of

standard solutions of quercitine as a positive control. The

percentage of inhibition was calculated by the following

formula:

Radical scavenging activity %ð Þ
¼ Acontrol�Atestð Þ=Acontrol½ � � 100

where A control is the absorbance of the control (without

extract) and Atest is the absorbance in the presence of the

extract/standard.

The superoxide anion scavenging activity was measured

as described by Robak and Gryglewski (1988). The

superoxide anion radicals were generated in 3.0 ml of Tris–

HCl buffer (16 mM, PH 8.0), containing 0.5 ml of NBT

(0.3 mM), 0.5 ml NADH (0.936 mM) solution, 1.0 ml

extract of different concentration and 0.5 ml of Tris–HCl

buffer (16 mM, PH 8.0) and the reaction was started by

adding 0.5 ml PMS solution (0.12 mM) to the mixture and

incubated at 25 �C for 5 min and the absorbance was

measured at 560 nm against a blank sample and ascorbic

acid. The percentage inhibition was calculated by using the

following equation:

Superoxide radical scavenging activity

¼ Acontrol�Atestð Þ=Acontrol½ � � 100

Where Acontrol is the absorbance of the control (without

extract) and Atest is the absorbance in the presence of the

extract/standard.

The measurements were replicated in three independent

assays and mean value was presented. The antioxidant

activity of each samples were expressed in terms of IC50

(lg ml-1) and calculated from the graph after plotting

inhibition percentage against extract concentrations.

Analysis of variance (ANOVA) was carried out for flavo-

nid and total antioxidant capacity by using CROPSTAT

(International Rice Research Institute, Philippines)

software.

Results and discussion

Levels of flavonoid and total antioxidant capacity

The level of phenol, flavonoid and total antioxidant

capacity in the studied yam tubers are presented in Fig. 1.

The phenol content varied significantly (P\ 0.05) among

the yam species and it was ranged from 2.19 to

9.62 mg g-1 Dwt. The phenol content of D. bulbifera was

significantly (P\ 0.05) higher than the other yam species.

The flavonoid content was significantly (P\ 0.05) varied

among the yam species and the value was ranged from 0.62

to 0.85 mg g-1 Dwt. The level of flavonoid in all the wild

Dioscorea species except D. hispida were significantly

(P\ 0.05) higher than the cultivated species (D. alata).

The total antioxidant capacity (%) among different Dios-

corea species varied from 1.63 to 5.59% and it was sig-

nificantly (P\ 0.05) higher in D. pubera and D. bulbifera

as compared to other yam species. Such difference of

antioxidant capacity among the Dioscorea species might be

related to their genetic origin and geographical sources

where they are grown. The antioxidant activities of plants

are mainly contributed by the active compounds present in

them. Antioxidant compounds help in inhibiting hydrogen

abstraction, radical scavenging, and scavenging the per-

oxides radicals by donating electrons. Due the plant

derived natural antioxidant compounds such as flavonoids

and phenolic compounds known to possess antioxidant

activities due to the presence of hydroxyl groups in their

structures and their redox properties (Abbas et al. 2015).

The values of phenolic content in the present study varied

slightly compared to those in the literature (Shahidi and

Naczk 2003). This may be due to the presence of different

levels of sugars, carotenoids or ascorbic acid, or the

duration, geographical variation or methods of extraction,

which may alter the amount of phenolics (Bhandari and

Kawabata 2004). Plant materials with high concentrations

of the flavonoid and antioxidants will definitely play an

important role in maintenance of human health as reported

earlier by Bhatt et al. (2017) and Otegbayo et al. (2018).

In vitro antioxidant activity

The radical scavenging activity of the yam tuber extract

was measured by determining the ability to scavenge
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different free radicals such as DPPH, ABTS, superoxide

and nitric oxide. The capacity to scavenge these free rad-

icals were compared with the activity of standards such as

ascorbic acid, trolox and quercetin (Fig. 2). The DPPH is a

commercially available stable free radical and it is a highly

reliable methods to quantify the antioxidant activities

(Kathirvel and Sujatha 2012; Sakthidevi and Mohan 2013).

The results of DPPH radical scavenging activities revealed

that, all the tuber extract had lower scavenging activity

than the standard ascorbic acid. Most of the yam extracts

showed higher scavenging activity at the concentration

between 80 to 800 lg ml-1 except D. hispida and D.

wallichii (Fig. 2a). The scavenging effects of the yam

species on the basis of IC50 value were in the following

order: ascorbic acid[D. bulbifera[D. pubera[D.

pentaphylla[D. glabra[D. oppositifolia[D.hamil-

tonii[D. alata[D. wallichii[D. hispida. The wild

yam species D. bulbifera showed highest scavenging

activity against DPPH radicals with IC50 value of

77.90 lg ml-1 whereas, lowest scavenging activity was

observed in D. hispida with the IC50 of 1164 lg ml-1

(Fig. 3). In the present study, all the yam extracts were

inhibited the DPPH radical in different manners which

indicates potentiality of the yam extracts to donate an

electron or hydrogen to scavenge the DPPH radical. This

variation observed between the scavenging activities of the

different yam extract depends on the unequal distribution

of the antioxidant molecules in the form of secondary

Fig. 1 Total phenol* (a),
flavonoid (b) and total

antioxidant capacity (c) of
different wild and cultivated

Dioscorea species from

Koraput. Data are the mean of

three replications. Means

followed by a common letter are

not significantly different at the

5% level by Fisher’s least

significance difference (LSD)

test (*Padhan et al. 2020)
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metabolites such as polyphenol and flavonoids of the plant

(Sylvie et al. 2014). The wild yam extract of D. bulbifera

had the lowest IC50 and had superior scavenging activity.

In this study, it is evident that the wild species, D. bulbifera

tuber possess effective antioxidant activity. The results of

the present findings in the studied wild yams agree with the

findings of Rajalakshmi and Mohan (2013) on the DPPH

radical scavenging of D. tomentosa and with the previous

reports on Dioscorea esculenta of Thajunnisha et al.

(2013).

Similarly, the studied yam extract of D. bulbifera

showed potent antioxidant activity against ABTS which is

higher than standard trolox. The ABTS radical scavenging

activity of D. bulbifera and D. pubera species increased up

Fig. 2 Scavenging activities of different wild edible Dioscorea species. a DPPH assay; b ABTS radical scavenging activities; c Superoxide

radical scavenging activities; d Nitric oxide radical scavenging activities

Fig. 3 IC50 values of the tuber

extract of different Dioscorea

species
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to 70% at the concentration of 320 to 640 lg ml-1

(Fig. 2b). The scavenging activity against ABTS radical

cation was higher in D. bulbifera followed by[ trolox[
D. pubera[D. alata[D.pentaphylla[D. oppositifo-

lia[D. glabra[D.hamiltonii[D. wallichii[D. hisp-

ida (Fig. 3). The flavonol glycosides and polyphenol

constituents has been reported to be the major contributing

factor to the antioxidant activity of ABTS radicals (Gao

et al. 2002; Londhe et al. 2008). The results are also con-

sistent with the other wild tuber crops and yam species

(Bhandari and Kawabata 2004; Ghosh et al. 2013). This

result indicates that these extracts could serve as a free

radical inhibitors or scavengers using their proton-donating

ability or could act as the primary antioxidants (Marxen

et al. 2007).

The super oxide radical scavenging activity of D. pub-

era extracts increased up to 70% at the concentration of

80–160 lg ml-1 (Fig. 2c). The scavenging activity of yam

species against superoxide radicals was higher in D. pubera

followed by[D. bulbifera[ ascorbic acid[D. penta-

phylla[D. alata[D. glabra[D. hamiltonii[D.

oppositifolia[D. wallichii[D. hispida. The IC50 values

for D. pubera and D. bulbifera was 27.02 and

37.04 lg ml-1 respectively with higher scavenging activ-

ity than the standard (Fig. 3). The results clearly indicated

that the most of the wild species had noticeable effect to

scavenge superoxide radicals than the cultivated species.

The tuber extract of D. pubera and D. bulbifera had

superior radical scavenging activity than the other species

as well as with the standard, which can be used as the

dietary antioxidants (Naskar et al. 2010).

In addition, the nitric oxide radical scavenging activity

was higher in D. bulbifera and D. pubera as compared to

the standard. The order of the yam species in relation to

IC50 values to inhibited the nitric oxide radicals were: D.

bulbifera[D. pubera[ quercetin[D. glabra[D.

pentaphylla[D. alata[D. wallichii[D. hamil-

tonii[D. oppositifolia[D. hispida. The result revealed

that two wild yam species, such as D. bulbifera and D.

pubera had higher nitric oxide scavenging activity than the

standard quercetin with IC50 values at 47.14 and

53.61 lg ml-1 respectively (Fig. 2 D). Based on the

results, these tubers could significantly reduce the level of

nitric oxide and also reported to play a crucial role in

inflammation and other diseases (Naskar et al. 2010). Thus,

the findings strongly rationalize the traditional use of D

bulbifera in inflammations and wound healing (Nguelefack

et al. 2010; Mbiantcha et al. 2011). The relationship of

antioxidant compounds such as phenol and flavonoid with

antioxidant activities were well proven by many research-

ers in other crops as well as in yam species (Bhandari and

Kawabata 2004; Aryal et al. 2019). The species which

showed higher phenols and flavonoid content having more

scavenging activity with lower IC50 values (Aryal et al.

2019). The studied wild yam tubers such as D. bulbifera

and D. pubera showed higher scavenging activities due to

presence of higher phenol and flavonoids content than the

other species.

In conclusion, the result provided a strong scientific

evidence for considering the wild yam species as natural

antioxidants. The wild yam species such as D. bulbifera

and D. pubera contained significantly higher amounts of

bioactive compounds and also showed superior radical

scavenging activity over the other Dioscorea species.

Hence, these understudied wild yam tubers can be used as a

good dietary source of antioxidant for treatment of oxida-

tive stress induced diseases and will enrich the national

food composition database. Further research is aimed to

isolate and identify the antioxidative components and

validate their effects through in vitro studies to confirm

their natural biological functions.
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