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PHYTOCHEMICAL SCREENING AND ANTIBACTERIAL ACTIVITY OF DIOSCOREA BULBIFERA L. FRUITS
M. Mohanty1, 2, R. Choudhury1, S. Kumar1 and R. Maggirwar3*

ABSTRACT

Dioscorea bulbifera (Pita aalu) is a medicinal plant belongs to famility Dioscoreaceae, used to cure various diseases like malaria, 
diarrhoea, diabetes, dysentery, cancer, piles and skin infections. We designed the present study to analyse phytochemical and 
antibacterial activity of D. bulbifera fruit so as to conform its edible property. For this we followed phytochemical screening 
of the fruit extracts and found that it is consist of tannin, saponin, phenols, steroids, terpenoids and some carbohydrates in high 
concentration. The antibacterial activity of aqueous extract of the fruit against Streptococcus mutans pathogen was determined by 
using agar well diffusion, disc diffusion and broth dilution assay. From the results it was confirmed that the aqueous extract of the 
fruits of D. bulbifera showed high inhibition zone at 100µg/ml is 19 mm in agar well diffusion, 14 mm in disc diffusion assay. The 
minimum inhibitory concentratiom (MIC) of extract of D. bulbifera arranged in respect to the parts from 100 µg/ml, 200 µg/ml, 
300 µg/ml, 400 µg/ml, 500µg/ml and inoculums control showed visible growth due to no antimicrobial agents, whereas the broth 
control showed no growth due to absence of bacteria. Presence of primary and secondary metabolites indicates the nutraceutical 
value of D. bulbifera fruits. So the fruits of D. bulbifera can be used as a tool against antimicrobial resistance (AMR).
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Introduction
The common name of D. bulbifera is air potato, air 
yam, bitter yam and cheeky yam (Shajeela et al., 2011). 
It is usually found in India, Maldives, China, Japan and 
Indonesia. It is the most edible food crop of West Africa. 
These are climbing, perennial, erect herbs or shrubs. 
Stems are woody about 10 m long. Leaves are simple, 
opposite, lobed, attractive, alternate, small, pale green and 
arising from leaf axis. It is about 20 cm long and reticulate 
venation is found. Stems are herbaceous, arises from 
the underground tubers. Toxic substances and alkaloid 
dioscorine present in the aerial bulb. Flowers are generally 
small, minute, dioecious and very rarely bisexual (Tindall 
1983). Male and female flower occurred in different plants 
(Wagner et al., 1999; Miller 2003). D. bulbifera is generally 
edible plants containing tubers, bulbils and fruits (Adama 
et al., 2017). West Africa is known as the native place of D. 
bulbifera. It was introduced by Department of Agriculture, 
United State in 1967. In East Indies, the plant was reported 
as “naturalized and cultivated” by A. H. R. Grisebach 
(Grisebach 1864). It can be found more in moist forest, 
hardwood forest and urban forest but less in pinelands 
(Moriwasa 1999). Nowadays it is used as the source of food 
for commercial distribution (Bhandari & Kawabata 2005). 
D. bulbifera is generally cultivated in tropical, sub-tropical 
and moist containing area. The plant is cultivated in low 
temperature of about 20°C to 30°C and it can also grow 
in 12°C to 38°C. Loamy soil and high organic materials 
are best for the cultivation of D. bulbifera (Martin 1974; 
Wilkin 2001). Sexual reproduction is very rare in this plant 
and occurred by seeds and asexual reproduction occurred 

by bulbils (Miller 2003). D. bulbifera fruits are found 
during June to October. Fruits are capsulated, 3-winged, 
2.5 m long. These are very light in weight and green in 
color. When fruits become dry, their colour changes to 
light brown. Fruits normally develop from the twining 
stem. Major types of nutrients present in the D. bulbifera 
are carbohydrates, ascorbic acid, amino acid, cystein, 
argenine, histidine and glutamic acid. The tuber is rich in 
protein, hence can be used as food (Arinathan et al., 2009). 
The phytochemistry of D. bulbifera varies with their 
geographical distribution. Due to presence of antioxidants, 
it gives energy to the body and is antagonistic to diabetes 
and cancer. Some non-enzymatic antioxidants are found in 
D. bulbifera like Vitamin-E and Vitamin-C (Suriyavathana 
2011). Flavonoids are extracted from the rhizome of the 
plant using 75% of ethyl acetate (Gao et al., 2002). Steroid 
and saponin is extracted by using 95% of the ethanolic 
extract (Liu et al., 2010). Diterpenoids are extracted from 
the methanolic extract of bulbils (Kuete et al., 2012). It 
also used in the field of nanobiotechnology and gold 
nanoanisotrops (Ghosh et al., 2012; Kokni et al., 2016). 
This plant has a special type of phytochemistry in which 
reducing agents like ascorbic acid, citric acid, phenolics 
and capping agents like starch, saponin etc. are used in 
the reduction, stabilization and evolution of the shape of 
nanoparticles (Nwoke 2019).  D. bulbifera is commonly 
used as food in the tropical region. The tubers are roasted 
and cooked as vegetables and it can be taken as food by 
pigs. Bulbils are the best food for the diabetic patients 

(Karnick 1969) and root powder is the best medicine for 
tuberculosis. For the typhoid patients bulbils are the best 
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D.bulbifera fruit extract saponin Tannin Phenolic compound terpenoids steroids 
Aqueous +ve +ve +ve -ve -ve 
Ethanol -ve +ve -ve -ve -ve 
Methanol -ve +ve -ve -ve -ve 
Acetone -ve +ve -ve -ve -ve 
N-hexane -ve -ve -ve -ve -ve 

Table 1: Phytochemical screening in different extracts of fruits of D. bulbifera.

Bacteria 100 µg/ml 200 µg/ml 300 µg/ml 400 µg/ml 500 µg/ml 
S. mutans Growth No Growth No Growth No Growth No Growth 
Broth No growth No growth No growth No growth No growth 
Inoculum (Bacterial broth) Growth Growth Growth Growth Growth 

Table 2: Estimation of Minimum Inhibitory Concentration (MIC) 

Figure 1: Antibacterial activity of D. bulbifera extract against S. mutans 
(Agar well diffusion assay of aqueous extract) (mean values; n=3)

Figure 2: Disc diffusion assay (mean values; n=3)

precaution to prevent the disease (Abhyankar & Upadhyay 
2011). It is also used to compose birth control pills due to 
presence of diosgenin i.e. a steroidal saponon (Oboh et al., 
2001). It is also utilized for the treatment of parasitic and 
fungal infections. Leaves are used to treat against pink-
eye. Dioscorine, a neurotoxin, has been found in tubers, 
alkaloids are detected in leaves, saponin, diosgenin like 
other pharmacologically active substances are found in D. 
bulbifera (Burkill 1985).

Materials and methods
The D. bulbifera plant species was selected as per 

availability and consumption rate among the rural and tribal 
communities of study area (Khordha). The experimental 
plant species of the region were identified following flora’s 
books (Kumar & Jena 2017) and published article (Kumar 
et al., 2013; Haines 2006; Saxena et al., 1994; Kumar et 
al., 2012).
Preparation of plant extracts
Soxhlet method was adopted to obtain the plant extracts. 
The fruits of D. bulbifera was collected and dried at 
room temperature under shade and powdered after drying 
them by using mechanical devices. The powdered fruit 

extracts of the plant was kept in thimble and 
extraction was carried out using the Soxhlet 
apparatus. The residue was collected and left 
for air drying and dried crude extracts were 
stored in refrigerator for further experimental 
work (Tiwari & Das 2011; Harborne 1998; 
Sofowora 1993).
Test for Tannin
0.5 g of dried powder sample was boiled in 10 
ml of distilled water and filtered with whatman 
42 filter paper. 2 ml of filtrate solution was 
taken in a test tube and 3 to 5 drops of 0.1% 
of ferric chloride solution was added. The 
brownish green or blue black colouration 
indicated the presence of tannin.
Test for Saponin
0.5 g of dried powder sample was boiled 
in 10 ml of distilled water and filtered with 
whatman 42 filter paper. 5 ml of filtrate was 
mixed with 2 ml of normal distilled water and 
shaken vigorously. The stable persistent froth 
indicated the presence of saponin.
Test for Phenolic compounds
0.5 g of extract was treated with 3 to 5 drops 
of 1% ferric chloride solution. Formation of 
bluish black colouration indicated the presence 
of phenolic compounds.
Test for Terpenoids
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6 ml of extract was mixed in 2.5 ml of chloroform and 
3 ml of concentrated sulphuric acid was added. A radish 
brown colouration of interface indicated the presence of 
terpenoids.
Test for Steroids
2 ml of plant extract was dissolved in 5 ml of chloroform 
and then 5 ml of concentrated sulphuric acid was added. 
Formation of two phases (upper red and lower yellow with 
green fluorescence) indicated the presence of steroids.
Antibacterial activity
The fruit extract of D. bulbifera plant was screened for 
antibacterial activity against a Gram- positive bacteria S. 
mutans (MTCC 497). The MTCC (Microbial Type Culture 
Collection) bacterial strain was collected from Institute 
of Microbial Technology (IMTECH), Chandigarh. 
Antibacterial activity was done using slight modification 
of standard methods of Agar Well Diffusion assay (Irshad 
2012), Disc Diffusion method (Yasin et al., 2013; Zaidan 
et al., 2005; Thompson et al., 2013) and Broth Dilution 
assay (MIC) (Wiegand et al., 2008; Deaker et al., 2011).
Media
Nutrient broth was used to maintain broth culture. The 
constituents of the nutrient broth included 0.5 g NaCl, 0.5 
g peptone and 0.3 g beef per 100 ml. An additional 1.5 g 
of agarwas added to make up the nutrient agar medium 
(Deaker et al., 2011).
Agar Well Diffusion Assay
Agar well diffusion asssay was followed to test the 
antibacterial activity of fruit extracts of D. bulbifera against 
a bacterial strain. Nutrient agar plates were prepared as 
per manufacturer’s instructions. 100 µL of nutrient broth 
cultures of the test microbes prepared a day before, were 
poured on the plates uniformly and a lawn culture was 
prepared using a sterile spreader in a laminar hood. Wells 
(6 mm) were made using sterile borer. Stock solutions of 
samples were prepared in 100% DMSO (two fold serial 
dilution were made in amount of 100 µL per well ranged 
from 0.5-2.0 mg/ml). 100 µL of samples were added by 
sterile syringes into the wells in three above mentioned 
concentration and allowed to diffuse at room temperature 
for 2 hrs. Plates were incubated at 35±2°C for 18-24 hrs. 
Kanamycin and Ampicillin served as standard antibiotics 
control. Triplicates were maintained and the experiment 
was repeated thrice. For each replicates the readings 
(diameter of zone of inhibition of mm) were taken and the 
mean ± SD values (diameter of zone of inhibition) were 
recorded (Irshad et al., 2012). 

Disc Diffusion Assay
Antibacterial activity using Disc diffusion assay was done 
using the 6 mm of disc prepared from whatman filter 
paper. Each extracts were dissolved in dimethyl sulfoxide. 
The sets of three dilutions (0.5, 1.0, 2.0 mg/ml) of crude 
extracts and standard drugs were prepared. 6 mm of discs 
was kept in the drugs for 12 hr before placing to the agar 
plates. The zones of growth inhibition around the disc 

were measured after 18 to 24 hrs of incubation at 37°C 
for bacteria. The sensitivities of microbial species to the 
fruit extracts were determined by measuring the sizes of 
inhibitory zones (including the diameter of disc) on the 
agar surface around the disc and values less than 8 mm 
were considered as not active against microorganisms 
(Yasin et al., 2013; Zaidan et al., 2005; Thompson et al., 
2013; Wiegand et al., 2008).
Preparation of working slant 
Stock culture of MTCC 3906 are maintained at 4°C on 
slants of semi-solid media containing 1.5 % of agar-agar, 
0.3 % beef extract and 0.5 % peptone. Active working 
cultures for experiments were prepared by transferring 
a loopful of culture mass from the stock. Slants were 
incubated for 24 h at 36 ±1.0ºC. 
Broth preparation
Colonies of prepared slants of MTCC 3906 are picked off 
using sterile loop and inoculated in sterile conditions in 
autoclaves cool liquid both medium containing 0.3 % of 
beef extract and 0.5 % peptone. The broth was incubated 
for 24 hrs at 36 ±1.0ºC until there was visible growth 
indicated by turbidity standard (Deaker et al., 2011).
Swabbing and Inoculation of drugs
Swabbing with autoclaved cotton swab was done using 
broth strain on petri plates. Wells (6 mm) were made using 
sterile borer for Agar cup well method. Stock solutions of 
samples were prepared in 100 % DMSO and twofold serial 
dilutions were made in amount of 100 µL/well ranged 
from 0.5, 1.0, 2.0 mg/ml. 100 µl of samples were added 
by sterile syringes in to the wells in three above mentioned 
concentration and allowed to diffuse at room temperature 
for 2 hr. Only the solvent (DMSO) was poured in to the 
wells in another set of plates as part of negative control 
(Amanda et al. 2012). The positive control set consisted 
of standard antibiotics Kanamycin. For the Disc diffusion 
assay, only swabbing was done using sterile swab. The 
discs of respective aforesaid concentration were placed on 
media. Both petri plates (for Agar well diffusion & Disc 
diffusion method) were incubated at 36 ± 1.0º C for 18 
hrs. Zones of inhibition free microbial growth appeared 
around each well and disc in the form of clear rings which 
confirmed the antibacterial activity of the respective 
samples. Those samples which did not have any inhibitory 
effect on the microbe did not form any clear ring. In this 
way the antibacterial activity of the samples was confirmed. 
Triplicates were maintained and the experiment was 
repeated thrice. For each replication the readings (zone of 
inhibition) were taken and the mean values were recorded 
(Rose et al., 1939).
Data analysis 
Mean and SD (standard deviation) was calculated taking 
triplicate values of zone of inhibition (mm for agar well 
diffusion assay; mm for disc diffusion of samples using 
Excel, Microsoft Corporation-2010, US).
MIC using Broth Dilution Assay
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The fruit extracts of D. bulbifera plant was screened for 
their antibacterial activity. Antibacterial activity was 
assessed by Minimum Inhibitory Concentration (MIC) 
by serial dilution method. Selected colonies of aforesaid 
bacteria were picked off to a fresh isolation plate and 
inoculated into the corresponding tubes containing 5 ml 
of trypticase soy broth. The broth was incubated for 8 ± 1 
hrs at 35 ± 2°C until there was visible growth. Mc Farland 
No.5 standard and PBS (Phosphate buffer saline) were 
used to adjust the turbidity to get 105 cfu/m (Wiegand et 
al., 2008; Deaker et al., 2011).
Data Interpretation
After incubation, the tubes showing no visible growth after 
8 hrs till 12 hrs were considered to be inhibition of bacteria 
which represent MIC values of a respective concentration. 
Triplicates were maintained and the experiment was 
repeated thrice, for each replicates. The readings were 
taken as foresaid.

Results and discussion
Phytochemical screening of D. bulbifera fruits in different 
extract showed that tannin is most prevalently present in it 
as compared with other secondary metabolites. Aqueous 
extract of D. bulbifera shows best result in phytochemical 
screening (Table 1). 
The aqueous extract of the fruits of D. bulbifera shows 
high inhibition zone at 100µg/ml is 19 mm (Figure 1) 
in agar well diffusion and 14 mm in disc diffusion assay 
(Figure 2). The MIC of extract of D. bulbifera arranged 
in respect to the parts from 100µg/ml, 200µg/ml, 300µg/
ml, 400µg/ml, 500µg/ml and inoculums control showed 
visible growth due to no antimicrobial agents, whereas the 
broth control showed no growth due to absence of bacteria 
(Table 2).

Conclusion
Adequate Food and medicines are burning issues in 
world. Growing population and anti-microbial resistance 
create a need to screen new nutraceuticals having food 
and medicinal values. Keeping this in view, present study 
has designed and as per traditional potentials, analysis 
was carried out. Results concluded that the fruits of D. 
bulbifera are rich with primary and secondary metabolites. 
Hence, it might be a potential nutraceutical for future. 
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