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The morphological features, phytochemical properties, antioxidant and
antibacterial properties of Amorphophallus sylvaticus, a member of the
family Araceae belongs to the Sect. Raphiophallus was investigated.

For chemical extraction, solvents hexane, methanol and water were
used. Phytochemical screening revealed the presence of phenols and
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Antioxidant, confirmed in hexane extract. Tannins, anthraquinones, terpenoids and
glycosides were detected in aqueous extract besides phenols and
flavonoids. Among the three, methanol extract expressed maximum
efficacy in DPPH radical scavenging assay while hexane and aqueous
extract expressed relatively low radical scavenging property. All the
three extracts showed good antibacterial property against the nine
species of bacterial cultures studied. Hexane and methanol extract
exhibited inhibition in maximum number of bacterial cultures
compared to aqueous extract. High rate of inhibition was observed in
hexane extract. The present study suggests that the corm of
Amorphophallus sylvaticus have great potential as a natural source of
antioxidant and has good antibacterial property.

Copy Right, IJAR, 2018,. All rights reserved.

Introduction

Plants of the genus Amorphophallus belongs to the family Araceae. About 200 species of Amorphophallus are
distributed throughout the world and 20 species are reported from India (V. Abdul Jaleel et al., 2011). All the wild
relatives of Amorphophallus except A. paeoniifolius are rare and sparsely distributed. Amorphophallus species are
known to have a long history of use in tropical and subtropical Asia as a source of food, fodder and as traditional
medicines and is a major ingredient in several herbal preparations. Tubers of Amorphophallus has also been used
as antidote for snake bite by tribal’s in certain villages of Rajasthan (Jain et al., 2005). It is also known that tubers of
A. sylvaticus are being used for tooth ache in certain areas (E.Revathi and G.Rani, 2014). A few species such as
Elephant foot yam (Amorphophallus paeoniifolius var. companulatus) are widely cultivated and used as vegetable.
Many wild relatives of the genus Amorphophallus are traditionally used as medicine, fodder and in wine production
(Hetterschield W. L. A and Ittenbach, S.,1996). The tuberous corms of Amorphophallus are reported to be used for
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treatment of piles, cysts and tumors (Ravikumar and Ved, 2004; Kavitha et al.,2011); acute rheumatism, abdominal
tumors, boils, asthma and enlargement of spleen (Yusuf et al.,1994). It is believed that the therapeutic effect of
medicinal plants is due to its biologically active compounds. A detailed study of this plant will help to identify the
presence of various bioactive compounds responsible for its therapeutic effect as there is a need to develop
functional food and medicines from phytochemicals of plant origin to avoid the use of hazardous synthetic products
and to improve the status of human health and disease prevention.

Most of the Phytochemical and related studies conducted so far are in the genus are confined to only some of the
widely available species like Amorphophallus paeoniifolius (Elephant Foot Yam - cultivated and wild) and A.
commutatus varieties. Other species of the genus are unexplored due to its rare distribution and non-availability.
Studies were carried out on Morphological, phytochemical and antibacterial properties of wild and indigenous plant
A. commutatus var. wayanadensis (Arjun R Krishna et al., 2012), Phytochemical and anti-bacterial analysis of
different species of Amorphophallus mainly A. commutatus (Sagarika Damle and Atul Kotian (2015), radical
scavenging activity of A. commutatus (R. Kavita Krishna et al., 2012). Phenolic content and antioxidant capacity of
A.commutatus and A.paeoniifolius (Shete C.C et al., 2015), Pharmacognostic evaluation and phytochemical analysis
of A.paeoniifolius ( Yadu Nandan Dey and Ajoy Kumar Ghosh, ( 2010), Yadu Nandan Dey et al.(2012),
P.Madhurima et al.(2012), Jyoti D. Vora et al.(2015), Firdouse S. Alam P. (2011), Manju Madhavan and Regi
Raphel.K (2012), Morphology and taxonomy of Amorphophallus sylvaticus ( V.Abdul Jaleel et al., 2011) in the
revision of Amorphophallus in India and Antimicrobial potential activity of Amorphophallus sylvaticus against oral
microorganisms using seed extract (E. Revathi and G.Rani, 2014). The present study investigated the tuber extracts
of Amorphophallus sylvaticus for its phytochemical constituents, antioxidant and anti- bacterial properties for the
first time.

Morphological Features

The species of Amorphophallus exhibit variation in shape and size of tuber, petiole, spathe, spadix, and the
individual female flowers. It is one of the most difficult genera of the family due to the short period of emergence
of inflorescence and their relatively short active period of existence. The morphological similarity of the leaves of
many species makes identification of the species with vegetative specimens difficult.
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Figure.l1:- Amorphophallus sylvaticus. a, A portion of petiole showing lamina; b.Tuber; c. A portion of petiole
showing mottlings; d. Inflorescence; e. A portion of spadix cut open showing male and female flowers.

Tubers depressed sub-globose, 3-5.5 cm diam. and 1.5-3.0 cm thick in vegetative phase; 4.5-6 cm diam. and 3-4 cm
in thick in reproductive phase; skin smooth, cream-coloured. Petiole smooth, 29-64 cm long and 0.5-1.5 cm diam. at
the base, greenish with pale green ovate-elongate irregular blotches with white margin, and with minute mottling in
between the blotches. Lamina 32-60 cm diam., leaflets glabrous, ovate-elliptic, lanceolate or linear lanceolate, 4.0-
7.5 cm long and 2.5-3.5 cm broad, decurrent at the base, tip acute, or acuminate in the case of linear lanceolate
leaflets, ventral side pale green, margin slightly undulate. Peduncle smooth, 35-50 cm long and 1 cm diam. at the
base, identical with petiole in colour and pattern of blotches. Spathe ovate, 3.0-5.5 cm long and 4.0-6.5 cm broad,
completely convolute and open at the top; pale pinkish or greenish-purple outside, purple and verrucose within.
Spadix 5-6 times than the spathe, 14-21 cm long; stipitate; stipe 3-5 mm long, pale greenish; female zone 0.8-1.2 cm
long, male zone 1.5-3.0 cm long; terminal spadix appendix ca.18 cm long. Female flowers densely arranged, ovary
sub-globose, 2 mm long and 2 mm diam., 2-locular with single ovule in each locule; style short, 1-1.5 mm long, pale
yellowish; stigma 1.5 mm broad, 2-lobed. Neuter flowers oblong-gibbous, 4-5 cm long, 3-4 mm diam., dark brown.
Male flowers arranged in groups, each group with 2-5 flowers, each flower 1.2 mm long and 1.5 mm broad. Spadix
appendix purplish. Berries usually 2- seeded, scarlet when mature.

Phenology: Flowering: April-June; Fruiting: July-August.
Materials and Methods
The plant Amorphophallus sylvaticus were collected from the surrounding area of Vedanthangal Bird Sanctuary,

Kancheepuram District, Tamil Nadu, India. The plant species were identified and authenticated by one of the author
Dr. V. Abdul Jaleel, Department of Post Graduate Studies and Research in Botany, Sir Syed College, Taliparamba,

888



ISSN: 2320-5407 Int. J. Adv. Res. 6(10), 886-894

Kannur, Kerala and was deposited in the Sir Syed College Herbarium and also maintained at the Aroid Home, Sir
Syed College, Taliparamba, Kerala.

Preparation of Extracts

The tubers were properly washed followed by surface sterilization using 1% of sodium hypochlorite (Maina et al.,
2010). The tubers were chopped into pieces, sun dried, and powered using an electric blender. Extraction was done
by Soxhlet apparatus (Gennaro et al., 2008) using solvents viz: Hexane, methanol, and water in the increasing order
of their polarity. The obtained solvent extracts were concentrated using vacuum distillation process and tahe extracts
were stored in refrigerator at 4°C (Ayvaz et al., 2008; Sultana et al., 2009).

Bacterial Strains

Nine species of human pathogenic bacteria obtained from the National Collection of Industrial Microorganisms
(NCIM), Pune, India, and available with School of Bio Sciences and Technology, VIT University were used for the
present study. The gram-negative bacterial species used for testing were Escherichia coli and Salmonella. The gram-
positive strains used are Bacillus cereus, Listeria monocytogenes, Bacillus coagulans, Streptococcus faecalis,
Staphylococcus aureus, Bacillus circulans and  Staphylococcus epidermis. These strains were preserved at 4°C in
the nutrient broth as stock cultures and were sub-cultured for 24 hrs at 37°C prior to use.

Phytochemical Analysis

Phytochemical tests were carried out on the Hexane, methanol and aqueous extract of plant materials using standard
procedures (Trease and Evans, 1978; Edeoga et al., 2005). The analysis was done to test the presence of
phytochemicals such as carbohydrates, (Molisch test), reducing sugars (Fehling’s test), tannins (Ferric Chloride
test), flavonoids (Shinoda test), steroids (Liebermann’s —Burchard’s test), alkaloids (Wagner’s Test), anthraquinones
(Borntrager’s test), glycosides (Keller-Kiliani test), terpenoids(Salkowski Test), saponins (Frothing test) and
phenols( Ferric Chloride test).

Anti-bacterial Assay

The anti-bacterial assay was performed on both gram positive and gram-negative bacterial species by well diffusion
method (Onkar and Dhingra, 1995). The Petri plates were poured with approximately 25 ml autoclaved nutrient agar
media each. Using a micropipette, standardized inoculums (0.1 ml) of 0.5 McFarland turbidity standards, equivalent
to 5 x 10 ® cfu/ml (Lopez-Brea et al., 2008) was aseptically spread on the surface of nutrient agar plate. After drying,
four wells were punched on each plate using a sterile cork borer of 8 mm diameter (Bradshaw, 1992). 0.1 ml of each
extract (concentration of 100 mg/ml each) was pipetted into respective wells (Ayfer and Turgay, 2003). 10%
Dimethyl sulfoxide). Kanamycin is used as positive drug control. The Petri plates were incubated overnight at 37°C
and the anti-bacterial activity was measured after 18 hrs of incubation. The diameter of ZOI was also measured.

Quantitative Analysis

DPPH Assay

The DPPH assay was performed to determine the free radical scavenging potential of extract. 1ml of 0.2mM DPPH
in methanol was mixed with 4ml of different concentration of extracts and standards. The solution is mixed
vigorously and incubated in darkness for 30min. The free radical (1,1-diphenyl-2-picryhydrazyl) which is absorbing
UV-light at 517 nm will be reduced in the presence of antioxidant compound contained in the extract. This reaction
will form a yellow molecule which will not absorb at the working wavelength. The more potential the extract is, the
higher free radical scavenging i.e., the lower absorbance at 517 nm is measured.

The percentage of scavenging was calculated as follows:

%Scavenging = (1- A sample/ A control) x 100

Where A sample is absorbance measured in the presence of extract and A control is the one measured in absorbance
of extract.

Nitric Oxide Radical Scavenging Assay

Nitric oxide scavenging activity of all the three extracts were determined. 1ml of 10 mM sodium nitroprusside was
mixed with 1ml of different concentration of extracts and standards and the mixture was incubated at 37°C for 150
min. After incubation 1ml of the mixture was taken out to which 1ml of Griess’ reagent (1% sulphanilamide and
0.1% naphthyl thylene diamine dihydrochloride in 2% o-phosphoric acid) was added and the absorbance were
measured at 546nm. The procedure is based on the principle that, sodium nitroprusside in aqueous solution at
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physiological pH spontaneously generates nitric oxide which interacts with oxygen to produce nitrite ions. These
nitrite ions can react with Griess’ reagent and to form a chromophore absorbing at 546 nm. Scavengers of nitric
oxide compete with oxygen, leading to reduce the production of nitrite ions. The absorbance of the chromophore
which was formed will be measured at 546 nm and will decrease in presence of extracts.

The percentage of scavenging was calculated as follows:

%Scavenging = (1- A sample/A control) x 100

Where A sample is the absorbance in the presence of extract and A control is the one measured | absence of extract.

Results:-
Table 1:-Phytochemical screening of Tuber extracts of Amorphophallus sylvaticus viz. Methanol, Hexane and
water.

Chemical constituent Name of test Hexane Methanol Water
Carbohydrates Molisch test - - +
Reducing sugar Fehling’s test - - +
Tannins Ferric chloride test - + -
Flavonoids Shinoda test + + -
Alkaloids Wagner’s test - + -
Anthraguinones Borntrager’s test - + -
Glycosides Keller-Kiliani test - - +
Terpenoids Salkowski test - + -
Saponins Frothing test - - +
Fats and oils Spot test + +

Phenolics Ferric chlorides test + + +

+ indicate presence, - indicate absence.

Preliminary qualitative tests of the hexane, methanolic and aqueous extracts of Amorphophallus sylvaticus
expressed the presence of different kinds of phytochemicals like tannins, alkaloids, anthraquinones,
glycosides , phytotannins, terpenoids, saponins, phenolics, reducing sugars and carbohydrates.  Preliminary result
showed the presence of flavonoids in methanolic and hexane extract. Phenolics were present in all three extracts
which indicated the potential antioxidant nature of the sample. The presence of tannins, flavonoids, alkaloids,
anthraquinones, terpenoids, phenolics and fats and oils were confirmed in methanolic extract. ~ Carbohydrates,
reducing sugars, glycosides and saponins and phenolics were detected in aqueous extract.

DPPH Assay

DPPH radical scavenging activity is one of the most widely used method for screening the antioxidant activity of
plant extract. Fig.1 shows the antioxidant activities of hexane, methanol and water extracts of Amorphophallus
sylvaticus using the DPPH radical scavenging. 50-300pg/ml of methanol extracts produces moderate to high DPPH
radical scavenging. The highest DPPH activity was found in methanolic extract which is 96.817% which is almost
similar to ascorbic acid reading of 95.33% whereas water and hexane extract shows almost similar activity as shown
in the graph given below which is far less than methanolic extract. From this we can say that methanolic extract
shows more scavenging activity and has as a good antioxidant potential.
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DPPH Scavenging Assay
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Fig 1:-DPPH radical scavenging assay of hexane, methanolic and water extract of Amorphophallus sylvaticus

Nitric Oxide Radical Scavenging
Nitric oxide radical scavenging property of Amorphophallus sylvaticus tuber extracts are shown in Fig.2. Nitric

oxide radical inhibition study proved that the extract is a potent scavenger of nitric oxide generated from sodium
nitroprusside which reacts with oxygen to form nitrite. The extract inhibits nitrite formation by competing with
oxygen to react with nitric oxide directly and also to inhibit its synthesis. Scavengers of nitric oxide compete with
oxygen leading to reduced production of nitric oxide. The scavenging of nitric oxide by the three extracts in a dose
dependent manner shows the antioxidant activities of hexane, methanol and water extracts of Amorphophallus
sylvaticus. 50-500ug/ml of methanol extracts produces moderate to high nitric oxide radical scavenging. The
percentage of inhibition has been increased with the increasing concentration of extract. The graph given below
shows the nitric oxide scavenging activity of various extracts. Methanolic extracts shows highest percentage of
inhibition which is 92.0% at concentration of 300ug/ml and the lowest inhibition is exhibited by the hexane extract

in contrast to standard reading,

Nitric oxide scavenging assay
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=
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e
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Fig 2:-Nitric oxide radical scavenging assay of hexane methanolic and water extract of Amorphophallus sylvaticus
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Antibacterial Activity

Agar well diffusion method is the widely accepted method for the evaluation of antibacterial activity of samples.
Preliminary screening for the antibacterial activity of the extracts was performed with various strains of gram +ve
and gram —ve pathogenic bacterial strains. Among the three extracts, methanolic extracts of Amorphophallus
sylvaticus showed potent inhibition. The extract of Amorphophallus sylvaticus tested for antibacterial activity on
nine bacterial strains are shown in Table 2. The zone of inhibition impregnated with plant extract over the lawn of
bacterial culture plates determined the antibacterial activity. The result showed that the methanol extract showed
highest antibacterial activity of (20mm) inhibition zone against L. monocytogenes followed by hexane extract which
show zone of inhibition (18mm) against E-coli, smallest zone of inhibition of (11mm) is shown by water extract
against Bacillus Cereus. The zone of inhibition of various bacterial strains has been shown in Table 2.

Table 2:-Zone of inhibition (in mm) of antibacterial activity of Amorphophallus sylvaticus in different extracts.

Bacterial strains Kenamycin Water Methanol Hexane
extract exrtact extract
B.coagulans 19 - 12 17
E-coli 18 17 17 18
L.monocytogenes 14 16 20 -
B. cereus 18 11 14 -
S.fecalis 15 14 14 -
S.aureus 15 16 16 -
S. typhi 12 17 - 14
B.circulans 13 13 17 -
S.epidermis 17 - - 12
MIC

Most potential extracts are selected for MIC determination based on the antibacterial activity results, i.e., water
extract of Amorphophallus sylvaticus was tested against Salmonella typhi, hexane extract of Amorphophallus
sylvaticus was tested against E. coli, methanol extract of Amorphophallus sylvaticus was tested against L.
monocytogenes. The MIC corresponds to the highest concentration where no turbidity is observed, which
corresponds to an inhibition of bacterial growth. By analyzing the different bacterial strains on a particular extract of
Amorphophallus sylvaticus, the MIC value in each extract are methanol - 0.156mg/l, water -0.625mg/l and hexane-
0.312mg/l. From these results it can be concluded that methanol extract of Amorphophallus sylvaticus has the best
antibacterial potential because it inhibits the bacterial growth at lowest concentration. The results of this study also
provided an insight into the antibacterial properties of the extracts used traditionally for the prevention and as
treatments as well as opportunity for selection of bioactive extracts for initial fractionation and further studies in
antibacterial assays.

Discussion:-

The phytochemical screening revealed the presence of many chemical constituents like phenols, flavonoids,
alkaloids etc. in different extracts that form the foundation of their pharmacological activity (Tablel). Studies
conducted earlier in Amorphophallus paeoniifolius and Amorphophallus commutatus varities also revealed the
presence of such secondary metabolites. The present study also confirms the presence of such secondary metabolites
in Amorphophallus sylavaticus tuber and phenolics and flavonoids that possess antioxidant activity were found in
Amorphophallus sylvaticus too. The different extract showed good radical scavenging properties on par with
standard in DPPH and Nitric Oxide radical scavenging assessment. Free radicals are molecules or atoms that have at
least one unpaired electron which usually increases the chemical reactivity of the molecule. Free radicals can react
with other molecules to cause cell damage or DNA mutation. Molecules called antioxidants protect against free
radical damage and their action permit to ensure a balance between production and destruction of free radicals.
Antioxidant capacity of the methanolic, hexane and water extracts of Amorphophallus sylvaticus tuber evaluated by
several antioxidant assays revealed that methanolic extract exhibited good antioxidant potential. Antimicrobial study
also proved that Amorphophallus sylvaticus can be used against pathogenic bacteria’s which substantiate the
traditional use of the species for various ailments. Therefore, Amorphophallus sylvaticus can be considered as a
natural source of antibacterial and antioxidants and may be considered in future to be used as antioxidant additive or
as nutritional supplement and in cosmetic and pharmaceutical products with further detailed studies.
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