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ABSTRACT  
In recent year’s trend towards authentication, standardization and quality assurance of selected medicinal plants has been rapid increase for 
potential therapeutic significance. Despite the modern techniques, identification of plant drug by pharmacognostic study is more reliable. In 
Ayurveda, a traditional system of medicine Musa Paradisiaca is commonly used in Asthma, Diabetes, Anthelmintic, Hypertension, Insomnia, 
Snake bite. The whole plant as well as specific parts (leaves, ripe and unripe fruits, stems) of plant extract and its active constituents have bee n 
used for the treatment of large number of human ailments. Phytochemicals are virtually present in all the fruits, vegetables,  pulses/legumes and 
grains which are commonly consumed, so it is quite easy to incorporate them in our daily diet. Current research studies were carried out for 
evaluating the antioxidant activities of ethanol bract extract of Musa paradisiaca. Antioxidant activities such as DPPH˙ radical, Superoxide (O2.-) 
radical, Nitric Oxide (NO) radical, ABTS●+ radical cation, phosphomolybdenum reduction and Fe3+ reduction were carried out for ethanol bract 
extract of Musa paradisiaca. The maximum DPPH˙ radical, Superoxide (O2.-) radical and Nitric Oxide (NO) radical scavenging activities were 
52.05±0.38%, 57.71±0.45% and 49.63±0.32% at 120 µg/mL concentration and the IC50 values were 68.47 µg/mL, 71.37 µg/mL and 93.94 
µg/mL concentrations respectively. The maximum ABTS●+ radical cation scavenging activity was 84.28±0.13% at 30 µg/mL concentration and 
the IC50 value was 10.04 µg/mL concentration respectively. The maximum Mo6+ reduction and Fe3+ reduction were 45.38±0.40% and 
57.06±0.32% at 120 µg/mL concentration and the RC50 values were 121.44 µg/mL and 85.43 µg/mL concentrations respectively. Z-2-Tridecen-
1-ol, Nonadecane-2,4-dione, a-Ketostearic acid, 2,5-Furandione, dihydro-3-(2-tetradecenyl)- were found to be the potent antioxidant 
compounds detected from GC-MS analysis. 
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INTRODUCTION 

In our body various metabolic processes takes place like 
breakdown of fats and other food stuffs to release energy. 
Most of these metabolic processes utilize oxygen as a fuel 
and generates free radicals as by-products. These free 
radicals can be both useful and harmful to the body. They can 
destroy the various normal cells of our body by a 
phenomenon known as oxidation. The anti-oxidants function 
as reducing agents and are thus helpful in preventing this 
damage1,2. Free radicals are formed in the body by various 
mechanisms which may be endogenous or environmental. 
Various electromagnetic radiations can also generate free 
radicals. For example gamma rays can split water in the body 
to generate hydroxyl radical i.e. OH+3. Though there are 
various ways by which antioxidants can exert their action. 

But two mechanism of action are very important. First is the 
chain- breaking mechanism, in which the primary 
antioxidant donates an electron to the free radical and 
neutralizes it. In the second mechanism there is removal of 
ROS/reactive nitrogen species initiators by quenching chain-
initiating catalyst. In both these mechanisms antioxidants 
neutralizes the free radicals and themselves become 
oxidized4,5. 

Anti-oxidants usually function in various ways: both 
endogenous and exogenous anti-oxidants prevent the 
damage to cells by the free radicals; protect from cancer and 
heart diseases; protect from exercise induced damage and 
helps in the recovery process; various neurological diseases 
like Alzheimer’s disease, Parkinson’s disease etc. can be 
prevented; and prevent various other oxidative stress 
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induced diseases like Rheumatoid arthritis, Nephropathy and 
Pulmonary diseases6. Various dietary components and 
nutrients act as natural antioxidants and are very useful to 
the body. They supplement the action of various endogenous 
antioxidants to combat the deleterious effects of free 
radicals. All the dietary nutrients are quite specific in its 
structure and function. Lack of these various antioxidants in 
the diet on long term basis can lead to various progressive 
and degenerative diseases in the body. It includes three 
components mainly i.e. vitamin C, vitamin E and 
carotenoids7,8. Knowledge of phytochemicals of botanicals 
are important not for the discovery of therapeutic agents but 
also for disclosing new sources of economic materials. As 
commercialization of the natural medicine has occurred, it 
becomes an important issue to assurance the safety, quality 
and efficacy of medicinal plants9. 

Taxonomic Classification of Musa paradisiaca 

   Kingdom: Plantae 

       Sub Kingdom: Tracheobionta  

          Super Division: Spermatophyta  

    Division: Magnoliophyta                  

         Class: Liliopsida  

               Sub Class: Zingiberidae  

                     Order: Zingiberales 

                           Family: Musaceae 

                               Genus: Musa 

                                   Species: paradisiaca 

                     Botanical Name: Musa paradisiaca Linn. 

Musaceae is one such plant family which has wide 
importance in terms of its fruits, flowers, leaves, stem etc.10. 
Banana, an antique fruit crop known as “Apple of Paradise” 
plays an important and interesting roles in the history of 
human civilizations (Figure 1). All the parts of the plants are 
useful, even the hazardous waste pseudostem can also be 
used to make yarn, fabric, apparel as well as fertilizers, 
biochemicals, fish feed, paper, handicrafts, candy, pickles, 
etc.11,12.

 

 

Figure.1: Bracts of Musa paradisiaca 

 

MATERIALS AND METHODS 

Extraction method of  bracts of Musa paradisiaca  

The bracts of Musa paradisiaca  were freshly collected from 
Indian vegetable market, Chennai, Tamil Nadu, India. The 
fresh bracts were well cleaned in sterile water and made into 
fine medium pieces, shade dried for few days and the bracts 
were soaked in ethanol for 72 hours. The maroon coloured 
supernatant was filtered and stored in a clean glass 
container, and later the supernatant was condensed in a hot 
plate at 40ºC-45ºC, which yields maroonish  yellow coloured 
extract13,14.  

Quantitative estimation of phenols and flavonoids 

Determination of total phenols 

Folin-Ciocalteau reagent method was used to determine the 
total phenolic compounds15 with slight modifications. One 
hundred µL of ethanol bract extract of Musa paradisiaca  (1 
mg/mL) was mixed with 900 µL of methanol and 1 mL of 
Folin Ciocalteau reagent (1:10 diluted with distilled water). 
After 5 min, 1 mL of sodium carbonate (20% w/v) was 
added. The mixture was then allowed to stand for 30 min 
incubation in dark at room temperature. The absorbance was 
measured using UV-Vis spectrophotometer at 765 nm. The 
total phenolic content was expressed in terms of gallic acid 

equivalent (GAE/mg of extract), which is a common 
reference compound.  

Determination of total flavonoids 

The total flavonoid content of ethanol bract extract of Musa 
paradisiaca  was determined using aluminium chloride 
colorimetric method with slight modification as described16. 
500 µL of ethanol bract extract of Musa paradisiaca  (1 
mg/mL) was mixed with 500 µL of methanol, 0.5 mL of 5% 
(w/v) sodium nitrite solution and incubated for 5 min at 
room temperature. Then, 0.5 mL of 10% (w/v) aluminium 
chloride solution was added and incubated for further 5 min 
at room temperature followed by addition of 100 µL of 1 M 
sodium hydroxide solution. The absorbance was measured at 
510 nm using UV-Vis spectrophotometer. The total flavonoid 
content was expressed in terms of quercetin equivalent 
(QE/mg of extract), which is a common reference compound. 

In vitro antioxidant activities of ethanol bract extract of 
Musa paradisiaca  

DPPH˙ radical scavenging activity 

The radical scavenging activity of ethanol bract extract of 
Musa paradisiaca  was carried out by the reduction DPPH· 
free radical method17. One mL of ethanol bract extract of 
Musa paradisiaca  with various concentrations (20-120 
μg/mL) was mixed with 1 mL of 0.1 mM DPPH solution in 
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methanol. The mixture was then allowed to stand for 30 min 
incubation in dark. One mL of methanol mixed with 1 mL of 
DPPH solution was used as the control. The decrease in 
absorbance was measured at 517 nm using UV-Vis 
spectrophotometer. Ascorbic acid was used as the standard 
reference. The percentage of inhibition was calculated as:       

 

Superoxide (O2.-) radical scavenging activity 

Superoxide (O2.-) radical scavenging activity was carried out 
by the method18 and the reaction mixture contains different 
concentrations (20-120 μg/mL) of ethanol bract extract of 
Musa paradisiaca  with 50 mM of phosphate buffer (pH-7.4), 
200 µL of 1.5 mM of riboflavin, 200 µL 12 mM of EDTA and 
100 µL 50 mM of NBT, added in that sequence. The reaction 
was started by illuminating the reaction mixture for 15 min 
in UV lamp. After illumination, the absorbance was measured 
at 590 nm using UV-Vis spectrophotometer. Ascorbic acid 
was used as the standard reference. The percentage of 
inhibition was calculated as:  

 

Nitric Oxide (NO) radical scavenging activity 

Nitric Oxide (NO) radical scavenging activity was carried out 
by the method19 and the reaction mixture contains different 
concentrations (20-120 μg/mL) of ethanol bract extract of 
Musa paradisiaca  and 1 mL of 10 mM sodium nitroprusside 
in 0.5 mL phosphate buffer saline (pH-7.4) was mixed with 
the ethanol bract extract. The mixture was incubated at 250C 
for 150 minutes. From the incubated mixture about 0.5 mL 
was taken out and 0.5 mL of Griess reagent (1% 
sulphanilamide (w/v), 2% Orthophosphoric acid (v/v) and 
0.1% (w/v) N-(1-naphthyl) ethylenediamine 
dihydrochloride) was added and incubated at room 
temperature for 30 minutes and the absorbance was 
measured at 546 nm using UV-Vis spectrophotometer. 
Ascorbic acid was used as the standard reference. The 
percentage of inhibition was calculated as: 

 

ABTS•+ (2,2-azinobis (3-ethylbenzo thiazoline-6-sulfonic 
acid) radical cation scavenging activity 

The ethanol bract extract of Musa paradisiaca  from the stock 
solution was taken in various concentrations and this assay 
was performed according to the method20. The stock 
solutions included 7.4 mM ABTS solution and 2.6 mM 
potassium persulfate solution. The working solution was 
then prepared by mixing the two stock solutions in equal 
quantities and allowing them to react for 12 hours at room 
temperature in the dark. Fresh ABTS solution was prepared 
for each experiment. The ethanol bract extract of Musa 
paradisiaca  in varying concentrations (5-30 μg/mL) were 
allowed to react with 500 µL of the ABTS solution for 15 
minutes in dark condition and the absorbance was measured 
at 734 nm using UV-Vis spectrophotometer. Ascorbic acid 
was used as the standard reference. The percentage of 
inhibition was calculated as: 

 

Phosphomolybdenum reduction activity 

The antioxidant capacity of the ethanol bract extract of Musa 
paradisiaca  was assessed as described21. The ethanol bract 
extract of Musa paradisiaca  with varying concentrations 
ranging (20-120 μg/mL) was combined with reagent 
solution containing ammonium molybdate (4 mM), sodium 
phosphate (28 mM) and sulphuric acid (600 mM). The 
reaction mixture was incubated in water bath at 950C for 90 
min. The absorbance of the coloured complex was measured 
at 695 nm using UV-Vis spectrophotometer. Ascorbic acid 
was used as the standard reference. The percentage of 
reduction was calculated as:  

 

Ferric (Fe3+) reducing power activity 

The reducing power of ethanol bract extract of Musa 
paradisiaca  was determined by slightly modified method22. 
One  mL of ethanol bract extract of Musa paradisiaca  of 
different concentrations (20-120 µg/mL) was mixed with 
phosphate buffer (1 mL, 0.2 M, pH-6.6) and potassium 
ferricyanide [K3Fe (CN)6] (1 mL, 1 % w/v). The mixtures 
were then incubated at 50°C for 20 min in water bath. 500 µL 
of trichloroacetic acid (10 % w/v) was added to each 
mixture, followed by 100 µL of Ferric chloride (0.01% w/v) 
was added and the absorbance was measured at 700 nm 
using UV-Vis spectrophotometer. Ascorbic acid was used as 
the standard reference. The percentage of reduction was 
calculated as: 

 

Statistical analysis  

All the experiments were conducted in triplicates. All data 
were reported as the mean±standard deviation (SD) of three 
replicates. 

Gas Chromatography–Mass Spectrometry (GC–MS) 
Profiling  

In GC-MS analysis, the ethanol bract extract of Musa 
paradisiaca  was injected into a HP-5 column (30 m X 0.25 
mm i.d with 0.25 μm film thickness), Agilent technologies 
6890 N JEOL GC Mate II GC-MS model. Following conditions 
were used: Helium as carrier gas, flow rate of 1 mL/min; and 
the injector was operated at 200°C and column oven 
temperature was programmed as 50-250°C at a rate of 
10°C/min injection mode. Following MS conditions were 
used: ionization voltage of 70 eV; ion source temperature of 
250°C; interface temperature of 250°C; and mass range of 
50-600 mass units23. 

Identification of components  

The database of National Institute Standard and Technology 
(NIST) having more than 62,000 patterns was used for the 
interpretation on mass spectrum of GC-MS. The mass 
spectrum of the unknown component was compared with 
the spectrum of the known components stored in the NIST 
library.   
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RESULTS AND DISCUSSION 

Determination of total phenols and flavonoids 

Flavonoids and phenolics acids are the most important 
bioactive natural product of secondary metabolites and act 
as an antioxidant and anti-aging substances, capable of 
scavenging free radicals and reducing the risk of cancer24. 
Phenolics in plants are mostly synthesized from 
phenylalanine via the action of phenylalanine ammonia lyase 
(PAL). Phenolics essentially represent a host of natural 
antioxidants, used as nutraceuticals, and found in apples, 
green-tea, and red-wine for their enormous ability to combat 
cancer and are also thought to prevent heart ailments to an 
appreciable degree and sometimes are anti-inflammatory 
agents. Other examples include flavones, rutin, naringin, 
hesperidin and chlorogenic25. 

Flavonoids possess ideal structure for free radicals 
scavenging activity and have been found to be more effective 
antioxidants in vitro than tocopherols and ascorbates. They 
are efficient reducing agents that can stabilize the 
polyphenols derived radicals and delocalise the unpaired 
electrons. Flavonoids are powerful metal chelators and 
scavengers of free radicals and also act as anti-inflammatory, 
anti-ulcer, antitumor and anticancer agents. They interact 
with cellular signal pathways that control cell cycle, 
differentiation and apoptosis26. The total phenol content was 
218.33±0.43 GAE/mg of extract and the total flavonoid 
content was 47.37±0.17 QE/mg of extract. These results 
provide a comprehensive profile of the antioxidant activity of 
ethanol bract extract of Musa paradisiaca  with respect to 
their phenols and flavonoids content.  

In vitro antioxidant activities of ethanol bract extract of 
Musa paradisiaca  

DPPH˙ radical, Superoxide (O2.-) radical and Nitric Oxide 
(NO) radical scavenging activities of ethanol bract 
extract of Musa paradisiaca   

Evaluation of antioxidant activity by DPPH method is the 
best screening option for herbal based drugs. DPPH˙ (1,1-
Diphenyl-2-picrylhydrazyl) is a stable nitrogen centered free 
radical which has an unpaired valence electron at one atom 
of nitrogen bridge27. The ability of ethanol bract extract of 
Musa paradisiaca  to scavenge free radicals formed was 
assessed using 1,1-diphenyl-2-picryl hydrazyl radical 
(DPPH). The ethanol bract extract of Musa 
paradisiaca  demonstrated high capacity for scavenging free 

radicals by reducing the stable DPPH (1,1-diphenyl-2- picryl 
hydrazyl) radical to the yellow coloured 1,1-diphenyl-2-
picryl hydrazine and the reducing capacity increased with 
increasing concentration of the extract. The maximum DPPH˙ 
radical scavenging activity of ethanol bract extract of Musa 
paradisiaca  was 52.05±0.38% at 120 µg/mL concentration 
(Table 1). The IC50 value for the ethanol bract extract of Musa 
paradisiaca  was found to be 68.47 μg/mL concentration 
respectively and was compared with standard (Ascorbic 
acid, IC50 = 12.94 µg/mL concentration).   

Superoxide anion is also very harmful to cellular components 
and their effects can be magnified because it produces other 
kinds of free radicals and oxidizing agents. Flavonoids are 
effective antioxidants, mainly because they scavenge 
superoxide anions. Superoxide anions derived from 
dissolved oxygen by the riboflavin-light-NBT system will 
reduce NBT in this system. In this method, superoxide anion 
reduces the yellow dye (NBT2+) to blue formazan, which is 
measured at 590 nm using UV-Vis spectrophotometer. 
Antioxidants are able to inhibit the blue NBT formation and 
the decrease of absorbance with antioxidants indicates the 
consumption of superoxide anion in the reaction mixture28. 
The maximum superoxide (O2.-) radical scavenging activity 
of ethanol bract extract of Musa paradisiaca  was 
57.71±0.45%  at 120 µg/mL concentration (Table 1)  and the 
IC50 value for the ethanol bract extract of Musa 
paradisiaca  was found to be 71.37 µg/mL concentration 
respectively. It was compared with the standard of ascorbic 
acid (IC50 = 15.18 μg/mL concentration).  

Nitric oxide (NO) is an important chemical mediator 
generated by endothelial cells, macrophages, neurons, etc. 
and is involved in the regulation of various physiological 
processes. NO is generated in biological tissues by specific 
nitric oxide synthesis (NOSs), which metabolizes arginine to 
citralline with the formation of NO via a five electron 
oxidative reaction. Nitric oxide or  reactive nitrogen species, 
formed during their reaction with oxygen or with 
superoxides, such as  NO2, N2O4, N3O4, NO3-. and NO2 are very 
reactive29. The maximum Nitric Oxide (NO) radical 
scavenging activity of ethanol bract extract of Musa 
paradisiaca  was 49.63±0.32%  at 120 µg/mL concentration 
(Table 1)  and the IC50 value for the ethanol bract extract of 
Musa paradisiaca  was found to be 93.94 µg/mL 
concentration respectively. It was compared with the 
standard of ascorbic acid (IC50 = 13.76 μg/mL 
concentration).

   

Table 1: DPPH˙ radical, Superoxide (O2.-) radical and Nitric Oxide (NO) radical scavenging activities of  ethanol bract extract of 
Musa paradisiaca  

S. No Concentration 

(µg/mL) 

Percentage of inhibition* 

DPPH˙ radical Superoxide (O2.-) radical  Nitric Oxide (NO) radical 

1 20 29.34±0.13 19.73±0.10 16.2±0.33 

2 40 37.42±0.27 38.15±0.39 27.95±0.46 

3 60 43.81±0.35 42.03±0.22 34.19±0.19 

4 80 45.16±0.11 47.55±0.16 42.58±0.24 

5 100 50.47±0.42 53.38±0.21 45.1±0.18 

6 120 52.05±0.38 57.71±0.45 49.63±0.32 

 (*Average value of 3 replicates) 
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ABTS•+ radical cation scavenging activity of ethanol 
bract extract of Musa paradisiaca  

ABTS•+ is a blue chromophore produced by the reaction 
between ABTS and potassium persulfate and ABTS•+ radical 
cation gets reduced in the presence of ethanol bract extract 
of Musa paradisiaca  and the remaining radical cation 
concentration was then quantified at 734 nm. It can be 
prepared using K2S2O8 as an oxidant. The blue-green colour 
of ABTS solution is formed by the loss of an electron by the 
nitrogen atom of ABTS (2, 2-azinobis (3ethylbenzothiazolin-
6-sulfonic acid)). The decolourization of the solution takes 
place in the presence of hydrogen donating antioxidant 
(nitrogen atom quenches the hydrogen atom30. The 
maximum ABTS•+ radical cation scavenging activity of 
ethanol bract extract of Musa paradisiaca  was 84.28±0.13% 
at 30 µg/mL concentration (Table 2) and the IC50 value for 
the ethanol bract extract of Musa paradisiaca  was found to 
be as 10.04 µg/mL concentration respectively, which was 
compared with standard ascorbic acid (IC50 = 4.83 μg/mL 
concentration).   

Table 2: ABTS•+ radical cation scavenging activity of ethanol 
bract extract of Musa paradisiaca  

S. No Concentration 

(µg/mL) 

Percentage of inhibition* 

ABTS•+ radical cation 

1 5 41.31±0.20 

2 10 49.76±0.41 

3 15 54.89±0.18 

4 20 73.35±0.35 

5 25 81.17±0.26 

6 30 84.28±0.13 

(*Average value of 3 replicates) 

Both DPPH• radical scavenging activity and ABTS●+ radical 
cation scavenging activity are classified as single electron 
transfer reactions. They are used to assess the antioxidant 
reductive capacity of the ethanol bract extract of Musa 
paradisiaca  to scavenge both the radical indicators by 
reduction process directly through electron transfer or by 
radical quenching process. The correlation between 
antioxidant properties by six different methods and the total 
phenolic content indicates the ability of antioxidants to 
scavenge the free radicals31. 

Phosphomolybdenum reduction and Ferric (Fe3+) 
reducing power activities of ethanol bract extract of 
Musa paradisiaca  

The total antioxidant activity of ethanol bract extract of 
Musa paradisiaca  was measured spectrophotometrically by 
phosphomolybdenum reduction method, which is based on 
the reduction of Mo (VI) to Mo (V) by the formation of green 
phosphate/Mo (V) complex at acidic pH, with a maximum 
absorption at 695 nm32. The maximum 
phosphomolybdenum reduction of ethanol bract extract of 
Musa paradisiaca  was 45.38±0.40% at 120 µg/mL 
concentration with the RC50 value of 121.44 µg/mL 
concentration respectively (Table 3). It was compared with 
the standard ascorbic acid (RC50 = 9.80 µg/mL).   

The reducing power of Fe3+ to Fe2+ by ethanol bract extract 
of Musa paradisiaca  was studied and showed reduction 
ability in a dose dependent manner. The maximum 
reduction of ethanol bract extract of Musa paradisiaca  was 
57.06±0.32% at 120 µg/mL concentration (Table 3). Fe (III) 
reduction is often used as an indicator of electron donating 
activity, which is an important mechanism of phenolic 
antioxidant action33. The RC50 value for the ethanol bract 
extract of Musa paradisiaca  as found to be 85.43 µg/mL 
concentration respectively and was compared with the 
standard (21.69 μg/mL concentration) Ascorbic acid.

   

 

Table 3: Phosphomolybdenum reduction and Ferric (Fe3+) reducing power activities of ethanol bract extract of Musa 
paradisiaca  

S. No Concentration 

(µg/mL) 

Percentage of reduction* 

Mo6+ reduction Fe3+ reduction 

1 20 25.46±0.24 19.38±0.10 

2 40 30.93±0.46 27.11±0.36 

3 60 36.04±0.38 34.44±0.47 

4 80   38.72±0.19 46.82±0.15 

5 100 41.17±0.21 51.56±0.29 

6 120 45.38±0.40 57.06±0.32 

(*Average value of 3 replicates) 

 

Gas Chromatography–Mass Spectrometry (GC–MS) 
Profiling 

GC-MS is an analytical challenge and also a unique tool for 
reliable characterization of complex mixtures which has 

very high sensitivity and specificity. The active principles 
with their Retention time (RT), Molecular formula and 
Molecular weight (MW) (Figure 2 and Graph 1) were 
recorded along with pharmacological activities (Table 4). 
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Figure 2(a): Mass Spectrum of ethanol bract extract of Musa paradisiaca  
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Figure 2(b): Mass Spectrum of ethanol bract extract of Musa paradisiaca  

 

 

Graph 1: GC-MS Chromatogram of ethanol bract extract of Musa paradisiaca 
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Table 4: Pharmacological activities of ethanol bract extract of Musa paradisiaca 

S. No Compound Name  

and Structure 

RT Molecular 
weight 

Molecular 

formula 

Pharmacological activity34 

 

 

 

1 

 

Flavone 

 

 

 

16.9 

 

 

 

222 

 

 

 

C15H10O2 

Production of Reactive Oxygen Species 
(ROS) can be reduced by flavonoids 

Relevance of plant defense mode of action is 
highly possible by flavonoids 

Formation of oxygen radicals can be 
prevented by flavonoids thereby inhibiting 
the enzyme activity 

 

 

2 

 

 

Coumarine,3-[2-(1-methyl-2- 
imidazolylthio)-1-oxoethyl]- 

 

 

20.85 

 

 

300 

 

 

C14H12N2O3S 

 

 

Anti-inflammatory 

Anti-coagulant 

Anti-cancer 

Antimicrobial activities 

Alzheimer’s disease inhibition 

Cytostatic effect 

 

 

CONCLUSION 

Bananas are the one of the most widely consumed fruits in 
the world because of its taste, nutritional value and potential 
health benefits. It is ranked fourth among the world’s food 
crops in monetary value. Antioxidants  play  important  role  
in preventing certain diseases, like heart disease and 
cancer therefore  the best  way to  get antioxidants is  
by eating  a variety  of healthy  food, especially 
vegetables,  fruits,  and  nuts. A plant-based diet is 
believed to protect against chronic oxidative stress-related 
diseases. Much of the research work has not been carried 
out on the bracts of Musa paradisiaca in regard with 
antioxidant activities. Further, the active compounds 
analyzed shall be evaluated for anti-cancer activity, proving 
as a medicine for scavenging the free radicals along with the 
potentiality to kill the cancerous cells.  

ACKNOWLEDGEMENT  

The authors are thankful to SAIF, IIT Madras and Armats 
Biotek Training and Research Institute for providing 
facilities to carry out research work. 

CONFLICT OF INTEREST: None 

REFERENCES 

1. Jasninder Singh Dhaliwal, Harjot Singh. Free Radicals and Anti-
oxidants in Health and Disease.  Int J Oral Health Med Res, 2015; 
2(3):97-99. 

2. Chakraborty P, Kumar S, Dutta D, Gupta V. Role of antioxidants 
in common health diseases. Research J Pharm Tech, 2009; 
2:238-44. 

3. Pham-Huy LA, He H, Pham-Huy C. Free radicals, antioxidants in 
disease and health. Int J Biomed Sci, 2008; 4:89-96.  

4. Rice-Evans CA, Diplock AT. Current status of antioxidant 
therapy. Free Radic Biol Med, 1993; 15:77-96.   

5. Krinsky NI. Mechanism of action of biological antioxidants. Proc 
Soc Exp Biol Med, 1992; 200:248-54.   

6. Rahman K. Studies on free radicals, antioxidants, and cofactors. 
Clin Interv Aging, 2007; 2:219-36. 

7. Sen S, Chakraborty R. The role of antioxidants in human health.  
In  Oxidative  Stress:  Diagnostics, Prevention and Therapy; 

Andreescu S et al. ACS Symposium Series; American Chemical 
Society: Washington, DC, 2011. 

8. Bouayed J, Bohn T. Exogenous antioxidants-Double-edged 
swords in cellular redox state Health beneficial effects at 
physiologic doses versus deleterious effects at high doses. Oxid 
Med Cell Longev, 2010; 3:228-37. 

9. Rice-Evans CA, Miller NJ, Paganga G. Structure antioxidant 
activity relationship of flavonoids and phenolic acids. Free 
Radical Biology and Medicine, 1996; 20:933-956.  

10. Pushpaveni C, Visagaperumal D, Vineeth Chandy. A review on 
banana blossom: the heart of banana. World Journal of 
Pharmaceutical Research, 8(11):440-450. 

11. Nuengchamnong N, Lokkembol AH, IngKanian H. Separation and 
detection of the antioxidant flavonoids, rutin and quercetin, 
using HPLC coupled on-line with colorimetric detection of 
antioxidant activity. Naresuan University Journal, 2004; 
12(2):25-37. 

12. Mohiuddin AKM, Manas Kanti Saha, Md. Sanower Hossian and 
Aysha Ferdoushi. Usefulness of Banana (Musa paradisiaca) 
Wastes in Manufacturing of Bio-products: A Review. A Scientific 
Journal of Krishi Foundation, 2014; 12(1):148-158.  

13. Harborne JB. Phytochemical Methods, A guide to Modern 
Techniques of Plant analysis, second ed. Chapman and Hall, 
London, 1998; 54-84.  

14. Raaman N. Phytochemical techniques. New India Publishing 
Agency, New Delhi, 2006; 306. 

15. Spanos GA, Wrosltad RE. Influence of processing and storage on 
the phenolic composition of Thompson seedless grape juice.  
Journal of Agricultural & Food Chemistry, 1990; 38:1565-1571. 

16. Liu X, Dong M, Chen X, Jiang M, Lv X, Yan G. Antioxidant activity 
and phenolics of endophytic Xylaria sp. from Ginkgo biloba.  
Food Chemistry, 2007; 105:548-554. 

17. Khalaf NA, Shakya AK, Al-othman A, El-agbar Z, Farah H. 
Antioxidant activity of some common plant. Turk J Biol, 2008; 
32:51-5. 

18. Lokesh Deb SK, Dubey, Avijeet Jain, Amit Kumar Jain, Pandian 
GS. Free radical scavenging activity of aqueous n- butanol 
fraction of Prunus Persica aqueous extract. Journal of Natural 
Remedies, 2009; 9(2):152-158.  

19. Garrat DC. (The quantitative analysis of drugs), Champman and 
Hall, Japan, 1964; 3:456-458. 

20. Arnao MB, Cano A, Acosta M. The hydrophilic and lipophilic 
contribution to total antioxidant activity. Food Chem, 2001; 
73:239-44.  



Arumugam et al                                                                                                          Journal of Drug Delivery & Therapeutics. 2020; 10(4-s):167-175 

ISSN: 2250-1177                                                                                        [175]                                                                                    CODEN (USA): JDDTAO 

21. Prieto P, Pineda M, Aguilar M. Spectrophotometric quantitation 
of antioxidant capacity through the formation of a 
phosphomolybdenum complex: specific application to the 
determination of vitamin E. Analytical Biochemistry, 1999; 
269:337-341. 

22. Oyaizu M. Studies on products of browning reaction: 
antioxidative activities of products of browning reaction 
prepared from glucosamine. Jpn. J. Nutr, 1986; 44:307-315. 

23. Harini V, Vijayalakshmi M, Sivaraj C, Arumugam P. Antioxidant 
and Anticancer Activities of Methanol Extract of Melochia 
corchorifolia L. International Journal of Science and Research, 
2017; 6(1):2319-7064. 

24. Kim D, Jeond S, Lee C. Antioxidant capacity of phenolic 
phytochemicals from various cultivars of plums. Food Chem, 
2003; 81:321-326. 

25. James Hamuel Doughari (2012). Phytochemicals: Extraction 
Methods, Basic Structures and Mode of Action as Potential 
Chemotherapeutic Agents, Phytochemicals - A Global 
Perspective of Their Role in Nutrition and Health, Dr 
Venketeshwer Rao (Ed.), ISBN: 978-953-51-0296-0, In-Tech.  

26. Dhan Prakash, Gupta KR. The Antioxidant Phytochemicals of 
Nutraceutical Importance. The Open Nutraceuticals Journal, 
2009; 2:20-35.   

27. Awika M, Rooney LW, Wu X, Prior RL. Cisneros Zevallos L. 
Screening methods to measure antioxidant activity of Sorghum 

(Sorghum ialmatei) and Sorghum product. Journal of 
Agricultural and Food Chemistry, 2003; 51:6657-62.  

28. Wickens AP. Aging and the free radical theory. Respiratory 
Physiology, 2001; 128:379-391.  

29. Rozina Parul, Sukalayan Kumar Kundu, Pijush Saha. In Vitro  
Nitric Oxide Scavenging Activity of methanol extracts of Three 
Bangladeshi Medicinal Plants. The Pharma Innovation – 
Journal,  2013; 1(12): 83-88.   

30. Miller DD. Mineral. In: Fennema, O.R. (Ed.), Food Chemistry, 
1996; Marcel Deckker, New York, 618-649.  

31. Apak RA, Ozyurek M, Guclu K, Capanoglu E. Antioxidant 
activity/capacity measurement. Hydrogen atom transfer (HAT)-
based, mixed-mode (electron transfer (ET)/HAT) and lipid 
peroxidation assays. Agric. Food Chem, 2016; 64:1028-1045.  

32. Yildirim A, Mavi A, Kara AA. Determination of antioxidant and 
antimicrobial activities of Rumex crispus L. extracts. J. Agric. 
Food Chem, 2001; 49:4083-4089.  

33. Stadtman ER. Metal ion-catalyzed oxidation of proteins: 
Biochemical mechanism and biological consequences. Free 
Radical Biology and Medicine, 1990; 9:315-325. 

34. Saraswathi K, Sivaraj C, Arumugam P. Antioxidant Activities, 
Thin Layer Chromatographic Analysis and GC-MS Analysis of 
Capsicum annuum L.: A Comparison of Green and Red Chilli. J. 
Biol. Chem. Research, 2019; 36(1):184-197. 

 
 

 

 


