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ABSTRACT 

Phytochemicals show increasing demand in the market with their potent antioxidant, immune stimulant, 

growth promoting, anti-pathogenic, and anti-stress activity. Phytochemical constitution, antioxidant potential, 

antibacterial and antifungal activity of solvent extract (Aqueous, methanol, ethanol, ethyl acetate) of Amorphophallus 

paeonifolius tuber was studied. The phytochemical constituents and their composition in solvent extracts of the tuber 

from Amorphophallus paeonifolius were quantitatively estimated. DPPH, free radical scavenging activity, phosphor 

molybdenum assay, ABTS radical scavenging property, and ferric ion reducing antioxidant power assay were studied 

to measure the antioxidant properties of extracts of the tuber. Antibacterial activity was performed for four bacterial 

pathogens (both gram positive and gram negative) using DMSO as a solvent. In phytochemical estimation, phenolic 

and flavonoid contents were highest in methanolic extract (2.5±0.100 mg GA/100 mg extract and 10.7±0.6 mg 

rutin/100mg extract) respectively. In ethanolic extract tannin content (91.72±0.91 mg tannic acid/100mg extract). In 

antioxidant activity, ethanolic extract showed maximum activity for DPPH (53.01% at 40 µg/ml), hydroxyl radical 

(100%), and 56.03% of ABTS radical cation scavenging activity. Among four solvent extracts, aqueous extract 

exhibit maximum antibacterial activity for Streptococcus aureus – MTCC 737 (3.25 mm zone of inhibition), 

Klebsiella pneumonia - MTCC 109 (0.75 mm zone of inhibition), Pseudomonas aeruginosa - MTCC 424 (1.25 mm 

zone of inhibition) and 1.5 mm of zone of inhibition for Bacillus subtilis - MTCC 121. In phytochemical screening, 

presence of flavonoids, phenols, tannins, the tuber extracts may be used as anti-allergenic, anti-cancer, anti-

pathogenic agents and used to treat cardiovascular disease.  
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1. INTRODUCTION 

Amorphophallus paeonifolius commonly known as elephant foot yam is edible tuber crop, cultivated mainly 

in almost all tropical and subtropical regions. This plant grown in countries like Philippines, India, Srilanka, 

Thailand, Indonesia and Malaysia as a commercial plant. It is a perennial crop. The plant taxonomically classified 

under the family of Araceae. The plant is herbaceous and contain large corm grown underground. They are about 

80-100 cm in height. The plant contains monoecious flowers, but both male and female flowers found in the same 

plant. The flowers give a putrid smell when it blooms. The yam rich in calcium oxalate crystals, which causes 

soreness in throat and tongue when consumed. Traditionally, the corm of this plant is used to treat jaundice and to 

treat piles. The leaf and stem juices are used to treat ulcers (Devi Prasad, 2013). They also found to possess analgesic 

and anti-protease activities.  

Previously, Nine different species of Amorphophallus, such as, A. corrugates, A. yunnanensis, A. albus,         

A. kachinensis, A. krausei, A. konjac, A. paeoniifolius (Dennst.), A. yuloensis, and A. nanus have been reported and 

used as medicine, fodder, food, and some extent used for wine production (Liu, 2004). In ayurvedic medicine, this 

tubers are highly valued in vitiated conditions of Vata, Kapha in treatment of piles, haemophillic conditions, skin 

diseases, intestinal warms, restorative in dyspepsia, obesity. Moreover yam used as tonic, appetizer and in stomachic 

(Kirtikar and Basu, 1987; Sivaraj, 1994; Narayana, 2004). 

Methanolic extract of the tubers showed anti-inflammatory, anti-histaminic (Shankhajit, 2010). Extract of 

the tuber showed immune modulatory activity (Tripathi, 2010). These biological properties are due to the 

phytochemicals present in the tuber. However, these free radicals, have negative effects over cell aging, lipid 

oxidization, carbohydrate damage, protein oxidation and DNA damage (Devasagayam, 2004). Antioxidants are 

chemical molecules that interact with free radicals, moreover neutralize their effect. Phytochemicals such as 

flavonoids, Tannins, Lycopene, Phenolic acids, Vitamin C serve as potential antioxidants (Hamid, 2010). 

Phytochemicals like flavonoids (Tim and Andrew, 2005), tannins (Giovana, 2013), ascorbic acid (Songlin, 2001), 

phenolic compounds (Vijaya Bharathi, 2012), alkaloids, and saponins etc., plant showed antimicrobial properties 

(Benziane, 2012). These phytochemicals, due to this property aids in prevention of infections and other harmful 

microbial diseases. The main objective of this study, to investigate the phytochemical constitution, phytochemical 

composition, antioxidant potential and antibacterial activity of various tuber extracts of Amorphophallus 

paeonifolius.  
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2. MATERIALS AND METHOD 

Tuber collection: For solvent extract, disease free fresh tubers were obtained from local market of Coimbatore 

district, Tamil Nadu. Tubers initially washed twice with water, and slice into small pieces (1-2 cm. long) and shade 

dried. Shade dried slices were fine powdered and powdered samples kept in air tight container. 

Test organisms:  Bacterial pathogens, Bacillus subtillis – MTCC 121, Klebsiella pneumoniae – MTCC 109, 

Pseudomonas auruginosa – MTCC 424, Staphylococcus aureus – MTCC 727 collected from Microbial Type Culture 

Collection (MTCC), Institute of Microbial Technology (IMTECH), Chandigarh. All four bacterial pathogens were 

stored at 4°C and were sub-cultured for 24 h at 37°C prior to use. 

Preparation of extracts: About 30 g of fine grinned sample was extracted with water, methanol, ethanol and ethyl 

acetate in a soxhlet for 20 cycles. Extracts were then condensed and concentrated using flash evaporator. Each sample 

was made to 1 mg/mL concentration using respective solvent (Ferreira, 2006).  

Phytochemical analysis: The phytochemicals such as alkaloids, carbohydrates, glycosides, saponins, tannins, 

phytosterols, flavonoids, steroids, and terpenoids reported previously in the different extracts of Amorphophallus 

paeonifolius (Trease and Evans, 1978; Edeoga, 2005). 

Phytochemical Evaluation: 

Total phenolic contents: Total phenolics were determined according to Rajeshwar (2005). In these studies, phenolic 

content was estimated for all four solvent such as aqueous, methanol, ethanol and ethyl acetate extracts. 20 µL of 

each extracts were makeup with1 mL with distilled water. 0.5 mL of freshly prepared Folin ciacalteau phenol reagent 

were added and finally, 2.5 mL of 20% sodium carbonate were added respectively to each extract. Entire reaction 

mixture gently agitated and left in dark for 40 minutes. The absorbance of each sample was measured at 725 nm. For 

estimation of total phenolic content, gallic acid was used as the standard. Phenolic content was expressed as mg of 

Gallic acid per 100 mg of the extract. 

Tannin content: 100 µL of each sample were made up to 7 mL of distilled water. Followed by 8 mM potassium 

ferric cyanide and finally, 20 mM ferric chloride prepared in 0.1M hydrochloric acid were added. Entire reaction 

mixture was mixed and optical density was measured at 700 nm. Tannic acid used as standard for tannin estimation 

studies. Tannin content was expressed as mg of tannin per 100 mg of the extract. 

Flavonoid content: Total flavonoid content was quantitatively estimated by the method of Sathishkumar (2013), 

using rutin used as standard. 0.1 mL of each samples were taken and make volume with 5 mL with distilled water. 

0.3 mL of 5% NaNO2 was added. 3 mL of 10% AlCl3 was added after 5 minutes and were shaken well. 2 mL of 1M 

NaOH was added after 6 minutes of incubation and the absorbance was measured at 510 nm. The flavonoid content 

were expressed as mg rutin/ 100 mg of the extract. 

Saponin content: Saponin content in the sample was estimated by Mbaebie (2012). 5 g of the fine powdered sample 

was added with 50 mL of 20% (v/v) of ethanol. The reaction mixture was kept in hot water bath at 55°C for 4 hours. 

The residue was collected and once again re-extracted with 50 mL of 20% (v/v) ethanol and kept in boiling water 

bath until the volume reduces to 20 mL. The solution so obtained was taken in separating funnel with 10 mL of 

diethyl ether. The contents were shaken vigorously. The aqueous layer was separated and about 10 mL of butan-      

1-ol was added to the filtrate and then washed with 10 mL of 5% aqueous sodium chloride. The whole mixture is 

kept in water bath for condensation and after it was dried in oven at 40C.  

% saponin= Weight of final filtrate   *100 

                                 Weight of sample 

Antioxidant Assays: 

DPPH free radical scavenging activity: Scavenging activity was estimated by the modified method of Navnath 

2012. Methanolic solution of DPPH was made into the concentrations of 10, 20, 40, 60, 80, 100 µg/mL and make it 

volume of 1 mL. 3 mL of DPPH solution (100 mM) was added to all test tube containing extracts and finally 

incubated for 20 minutes in dark. Optical density was measured at 517 nm. Methanol and DPPH solutions were used 

as control and negative control respectively. 

% inhibition= Control – test *100 

                                                                   Control 

Hydroxyl radical scavenging activity: The ability of extracts to scavenge H2O2 was determined by the method of 

Ruch (1989). 0.1 mL of the sample was made up to 1.5 mL using phosphate buffer (pH 7). 0.5 mL volume of 10 mM 

2-deoxy-D-Ribose, 0.25 mL of 20 mM sodium salt of ETDA, 0.25 mL of 20 mM ferrous chloride was added 

respectively. To this mixture 1.9 mL volume of distilled water and 0.5 mL volume of 10 mM hydrogen peroxide 

were added. Entire reaction mixture was incubated for 4 hours at 37C in water bath. 2.5 mL of 2.8% of TCA was 

added to arrest the reaction. 2.5 mL of 1% TBA finally added and incubated at 1000C for 10 minutes in a water bath. 

After cooling the optical density was measured at 520 nm. 

ABTS radical scavenging assay: The total antioxidant capacity of the sample was measured by the ABTS radical 

cation-decolorization assay (Pellegrini, 2003). For assay, 7 mM ABTS aqueous solution and volume of 2.4 mM of 
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ammonium persulphate were added in equal volume and incubated in dark for 14 hours at room temperature 

(28±2C). The reaction mixture was diluted by addition ethanol until the absorbance reach 0.70.  To 100 µL of each 

samples, 900 µL volume of the prepared ABTS reagent added to all the extracts and vortex it. Finally, entire reaction 

mixture incubated for 6 minutes at room temperature (28±2C). Optical density measured at 734 nm.  

ABTS scavenging activity=   Control- test   *100 

                                                     Control  

Ferric reducing antioxidant assay: Ferric reducing power assay was performed by the method given in Barreira 

(2008). 0.1 mL volume of extracts was make up with 1 mL of 96% of ethanol. To this, 5 mL volume of distilled 

water, 1.5 mL of 1M hydrochloric acid, 1.5 mL of 1% potassium ferric cyanide, 0.5 mL of 1% sodium dodecyl 

sulphate and 0.5 mL of 0.2% ferric chloride were added in series. Finally, entire reaction mixture was incubated in 

a water bath at 50°C for 20 minutes.  Test tubes were cooled rapidly and Optical density was measured at 750 nm. 

Ascorbic acid used as the standard. Antioxidant capacity was measured as mg of ascorbic acid per 100 mg of the 

extract. 

Phospho molybdenum assay: To 100 µL of the extracts, 1 mL of the reagent- (28 mM sodium phosphate and              

4 mM ammonium molybdate in 10 mL sulphuric acid) was added. Test tubes were covered with foil and were 

incubated at 90°C for 90 minutes. The samples were cooled and the optical density was read at 695 nm. Ascorbic 

acid was used as standard. Result reported as mg of ascorbic acid per 100 mg of the extract. 

Antibacterial activity: Antibacterial activities of various solvent extracts were performed by the method followed 

by Guilherme (2007). Streptococcus aureus – MTCC 737, Klebsiella pneumonia - MTCC 109, Pseudomonas 

aeruginosa - MTCC 424 and Bacillus subtilis - MTCC 121. Mueller Hinton agar plates were prepared and allowed 

to solidify. The microbes were cultured in the nutrient broth for 24 h and were streaked over the plates. Sterile discs 

were poured with 20 µL of the various samples of concentration 100 µg/mL in DMSO. Discs were then impregnated 

over the plate, finally incubated at 37C for 24 h. 20 µL of Streptomycin (100 mg/mL in DMSO) was poured in a 

disc to act as a positive control and 20 µL of DMSO was poured in another disc to act as a negative control.  

3. RESULTS 

Phytochemical extraction and analysis: Figure.1, shows different solvent extractive values of Amorphophallus 

paeonifolius. Similarly, In Phytochemical analysis of various solvent extracts of Amorphophallus paeonifolius were 

given in table.1. 

Table.1. Preliminary phytochemical screening of Amorphophallus paeonifolius 

 Tests Methanol Ethanol Ethyl acetate Aqueous 

Alkaloids 
Mayer’s test - - - - 

Hager’s test - - - - 

Wagner’s test - - - - 

Glycosides 
Bontanger's test - - - - 

Saponins + - - + 

Polysterols 

Libermann- Buchard test + + + + 

Phenols  
Ferric chloride test + + + + 

Lead acetate + + + + 

Gelatin test + + + + 

Flavonoids  
Alkaline reagent test + + + + 

Tannins + + + + 

Terepenoids + + + + 

Steroids + + + + 

Gum and mucilage + + + + 

Carbohydrates  
Molish test + + + + 

Benedict’s test + + + + 

+ indicates the presence of the compound, - indicates the absence of the compound 
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Figure.1. Extractive value of solvent extracts from Amorphophallus paeonifolius 

Phytochemical evaluation: In phytochemical evaluation, total phenolic, tannin, saponin and flavonoid content was 

estimated. For quantification of total phenolic content, concentration of phenolic content expressed as Gallic Acid 

(GA)/100 mg extract. Total tannin content was estimated for all solvent extracts of Amorphophallus paeonifolius 

and expressed as tannic acid equivalent (mg tannic acid (TA) / 100 mg extract). In saponin estimation, concentration 

found to be 1.78 µg/mg of the powdered sample. Saponins help in the reduction of risk of heart disease. Similarly, 

Total flavonoid content of all four extracts were found using rutin standard. The total phenolic content, tannin, 

saponin and flavonoid content in all four extracts were given in table.2. 

Table.2. Total phenolic, tannin, flavonoid and saponin content of various extracts of  

Amorphophallus paeonifolius 

Extracts Total phenolic-GAE 

(mg GA/100mg extract) 

Tannin-TAE (mg tannic 

acid/100mg extract) 
Total flavonoid Rutin 
(mg rutin/100mg extract) 

Saponin 

content 

Aqueous 1.53±0.78 17.12±1.73 5.2± 0.152 1.78 µg/mg of 

sample  

(dry weight) 
Methanol 2.5±0.100 45.86±1.58 10.7±0.6 

Ethanol 2.25±0.278 91.72±0.91 2.467±0.45 

Ethyl acetate 1.12±0.368 21.47±1.21 6.00±0.61 

Antioxidant assay: 

Free radical scavenging activity of DPPH: The DPPH scavenging activity all four extract was given in the figure.2. 

DPPH scavenges free radicals and gives intense colour. All the four extracts showed noticeable free radical 

scavenging activity. Ethanol extract showed maximum activity. This indicates the presence of hydrogen donating 

antioxidant group in the extracts. 

 
Figure.2. DPPH free radical scavenging activity of various extracts of Amorphophallus paeoniifolius 

Phospho molybdenum assay: Figure.3, denotes the antioxidant assay for different extracts using phosphor 

molybdenum. Reduction of phosphor molybdenum (VI) to phosphor molybdenum (V) by the sample was recorded 

as antioxidant property of the extract.  In this study, methanolic extract showed significant activity. Among all other 

extracts, methanolic extract showed significant AEAC equivalent of 335.53±1.18 and ethanolic, aqueous, ethyl 

acetate extracts showed 207.37±0.98, 94.26±0.92, and 125.95±0.56 of AEAC equivalent. 

 
Figure.3. Phospho molybdenum assay of various extracts of Amorphophallus paeoniifolius 

Hydroxyl radical scavenging activity: Figure.4, denotes the ethanolic, methanolic, ethyl acetate and aqueous 

extracts hydroxyl radical scavenging activity. Of all the extracts ethanol showed highest activity 99%. Methanolic 

extract with 92% of activity and ethyl acetate with 82% of free radical scavenging activity. Aqueous extract showed 

only about 3% of activity. 
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Figure.4. Hydroxyl radical scavenging activity of various extracts of Amorphophallus paeoniifolius 

ABTS radical cation scavenging activity: The efficiency of various extracts to scavenge ABTs free radical is given 

in the figure.5. This method of ABTS is used to quantify the antioxidant activity of phenolic compounds.  

 
Figure.5. ABTS scavenging activity (%) of various extracts of Amorphophallus paeonifolius 

Modified FRAP: Ferric reducing/antioxidant property was estimated, expressed as ascorbic acid equivalent per mg 

of extract obtained in various solvents in figure.6. Potassium ferricyanide (Fe3+) is reduced by the antioxidant 

compounds to potassium ferrocyanide (Fe2+) which forms complex with ferric chloride. Ethyl acetate extract have 

highest AEAC value of 26.24±2.66. Aqueous extract showed 19.43±1.80 AEAC/100 mg extract, methanolic extract, 

ethanolic extract showed 23.60±3.26, 24.68±1.91 AEAC equivalent/100 mg extract respectively. 

 
Figure.6. FRAP of various extracts of Amorphophallus paeoniifolius 

Antibacterial assay: Antibacterial activity of the shade dried tuber (100 µg) was performed against 4 different 

human bacterial pathogen and results were given in figure.7. Studies suggest presence of phytochemicals such as 

flavonoids, phenolic compounds; tannins, ascorbic acid, saponins and alkaloids have antibacterial activity. The 

presence of these phytochemicals in the tuber extracts was responsible for the antibacterial activity. 

 
Figure.7. Antibacterial activity of various extracts of Amorphophallus paeonifolius 

DISCUSSION 

For phytochemical analysis, Alkaloids and glycosides were absent in all four extracts. Saponins were present 

in methanolic and aqueous extracts. Polysterols, phenols, flavonoids, tannins, terpenoids, steroids, gum and mucilage 

and carbohydrates presence in all extracts. Tannins show green black colour confirms the presence of Catecholic 

tannins. In all other phytochemical evaluvation, Methanolic extract with significant phenolic content of          

2.5±0.100 mg of GA/100 mg extract. Ethanolic extract with 2.25±0.278 mg GA/100 mg extract. Aqueous extract 

with 1.53±0.78 mg GA/100 mg extract. Ethyl acetate showed 1.12±0.368 mg GA/100 mg extract.  
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In case of tannin estimation, Ethanolic extract with maximum tannin content of 91.72±0.91 Tannic acid 

equivalent/100 mg extract. Methanolic, ethyl acetate and aqueous extracts showed 45.86±1.58 mg TA/100 mg 

extract, 21.47±1.21 mg TA/100 mg extract, and 17.12±1.73 mg TA/100 mg extract respectively. Similarly, in 

flavonoid estimation, maximum flavonoid content in methanolic extract of 10.7±0.6 mg rutin/100 mg extract. Ethyl 

acetate, Aqueous and ethanolic extracts showed 6.00±0.61 mg rutin/100 mg extract, 5.2± 0.152 mg rutin/100 mg 

extract and 2.467±0.45 mg of Rutin/100 mg extract respectively.  

Total phenolic content of methanol extract and hydroalcoholic extract were 6.16 ± 1.8 mg and 5.14 ± 2.1 mg 

equivalent to Catechol / gm were previously studied (Nataraj, 2008). Similarly, phenolic content in petroleum ether 

extract showed 44.58 mg GAE/g (Angayarkanni, 2010). Hydroxyl radical scavenging activity, Reactive oxygen 

species (RoS) react with polyunsaturated fatty acid moieties of cell membrane phospholipids and causes damage to 

cell (Battu, 2010). In previous study reported that, IC50 values were reported as 19.56 and 18.40μg/ml respectively 

for methanol extract of A. paeoniifolius var.campanulatus corm and ascorbic acid (Arockia and Mohan, 2013).  

 DPPH (Diphenyl picryl hydrazyl) Radical scavenging activity, previous studies showed that, A. paeoniifolius 

ethanolic extract at the concentration of 50 μg/mL had higher inhibitory activity of 68.6%. (Angayarkanni, 2010).  

Similarly, methanol and hydro alcoholic extract at concentrations 500 μg exhibited 42.83% and 72.13% inhibition 

(Nataraj, 2008). Ethanolic extracts of tuber showed 54.78 % inhibition at Concentration (60 μg/ml) (Jagatheesh, 

2010). In ABTS radical scavenging activity, Ethanol extract with maximum free radical scavenging activity of 

56.03±1.56%.methanolic extract showed 32.57±5.46%. Aqueous extract showed 13.29±1.08% and Ethyl acetate 

with 21.89±2.9% of scavenging activity. Similarly previous report, ethanolic extract of tuber showed good 

scavenging effects. The IC50 value of the extract was found to be 35 μg/mL (Angayarkanni, 2010). Similarly, 

Jagatheesh (2010), reported 73.58 % of inhibition at Concentration (100 μg/ml).  

In general, antimicrobial activity is due to presence of plant metabolites like terpenoids, glycosides as 

previously reported (Daisy, 2008; Goldy and Kalra, 2011). Similarly, previous study on the anti-bacterial activity of 

Petroleum ether extract of tuber is attributed due to presence of amblyone and triterpenoid (Khan, 2008). Various 

reports showed that, Aqueous and other various solvent extracts of tubers were evaluated for its antibacterial 

properties (Khan, 2008; Krishnaa, 2011). Previous study showed that, methanolic extract showed appreciable 

antibacterial activity against S. pyogenes and S. faecalis with 19.06 and 18.86 mm of zone of inhibition, respectively. 

Similar studies, aqueous extract showed appreciable activity against E. coli, P. mirabilis and S. typhi, except                 

E. aerogenes (Arjun, 2013).  

From this study, aqueous extracts showed maximum inhibition for Staphylococcus aureus - MTCC 737. 

Methanolic and ethanolic extracts not showed any inhibition for Staphylococcus aureus - MTCC 737. Ethyl acetate 

extract with zone of inhibition of 1 mm. Klebsilla pneumonia - MTCC 109 was inhibited by a zone of 1 mm in all 

the extracts. Ethyl acetate extract showed maximum inhibition for Pseudomonas aeruginosa - MTCC 424. Aqueous 

and ethanolic extracts showed the zone of inhibition of 1.25 mm and methanolic extract reported 0.75 mm of 

inhibition for Pseudomonas aeruginosa - MTCC 424. Bacillus subtilis - MTCC 121 showed 1.0 mm, 1.25 mm,       

1.50 mm, 1.75 mm as zone of inhibition for methanol, ethanol, aqueous and ethyl acetate respectively. Thus all the 

extracts have a considerable effect over Bacillus subtilis - MTCC 121. From this study, aqueous extract showed 

maximum antibacterial activity when compared with all the solvent extracts.  

4. CONCLUSION 

Traditional medicine, the compounds from plants are attracting much of attention. Scientists aim at 

exploiting these plants for application in pharmaceuticals and cosmetic based industries. From the experimental 

results, tuber extracts of Amorphophallus paeonifolius indicated the presence of phyto-chemicals. Hence the crude 

extracts of Amorphophallus paeonifolius tuber has high antimicrobial potential which are nearly on bar with growth 

inhibition of standard antibiotic, which indicated appreciable antimicrobial potency of extracts. Similarly extracts 

shows good antioxidant potential even at very low concentrations. Further investigations that would identify the 

bioactive compound from the Amorphophallus paeonifolius for animal studies helps in drug development.  
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