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ABSTRACT 

The present study investigated the ‘in vitro antioxidant activity, total phenolic content, 

total flavonoid content and total tannin content of the fruit extract of Musa acuminate M. 

(Musaceae)’ were determined using spectrophotometric method. The common name of Musa 

acuminate is Red banana. In vitro antioxidant activity for the fruit extract of Musa acuminate 

were expressed as percentage inhibition of DPPH free radicals and IC50 values (µl/ml). The 

total phenolic contents of fruit extract of Musa acuminate ranged from 0.42 to 8.64 µg/mg of 

dry weight of extract, expressed as gallic acid equivalents. The total flavonoid contents of 

fruit extract of Musa acuminate varied from 6.11 to 37.90 µg/mg, expressed as quercetin 

equivalents. The total tannin contents of fruit extract of Musa acuminate ranged from -1.99 to 

8.87 µg/mg of dry weight of extract, expressesd as tannic acid equivalents. Percentage 

inhibition values ranged from 57.04 to 92.29 %. The IC50 values in µl/ml of fruit extract of 

Musa acuminate ranged from 6 - 19 µl/ml respectively. The lower IC50 values reflects more 

antioxidant activity with better protective action. Among all the different fruit extracts of 

Musa acuminate, the methanolic fruit extract of Musa acuminate showed the highest 

phenolic, tannin and flavonoid contents and strong free radical scavenging activity.  
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INTRODUCTION: 

The importance of plants is known to us well. The plant kingdom is a treasure house of 

potential drugs and in the recent years there has been an increasing awareness about the 

importance of medicinal plants. In response to the increased popularity and greater demand 

for medicinal plants a number of conservation groups are recommending that wild medicinal 

plants be brought into cultivation (Aqil et al., 2006). It is now clear that, the medicinal value 

of these plants lies in the bioactive phytochemical constituents that produce definite 

physiological effect on human body. Many medicinal plants were found to possess 

antibacterial, antifungal and insecticidal properties against wide spectra of organism. Many 

active phytochemicals like flavonoids, terpenoids, vitamins, alkaloids etc. were found to be 

responsible for these activities. With advance in phytochemical techniques, several active 

principles of many medicinal plants have been isolated and introduced as valuable drugs in 
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modern system of medicine (Nirmala et al., 2010). One such plant family of medicinal 

importance is Musaceae. It has 2 genera and there are about 42 different types of species, out 

of which 32 species belongs to Musa species (Nuengchamnongcet al, 2004) – one of the 

largest herbaceous flowering plant known in the world. It includes banana and plantains 

(Evans, 2002).  Family - Musaceae is the second most important fruit crop in India next to 

mango. Hi-tech cultivation of the crop is an economically viable enterprise leading to 

increase in productivity, improvement in produce quality and early crop maturity with the 

produce commanding premium price. In India, Musa species (Banana) ranks first in 

production and third in area among fruit crops. This is partly because Musa (banana) species 

aid in the body’s retention of Calcium, Nitrogen and Potassium; all of which work is to build 

healthy and regenerated tissues. Musa (banana) fruits can be used to fight intestinal disorders 

and promote healing. Other medicinal benefits of Musa species includes aiding in 

constipation and diarrhea relief, treatment of arthritis, reducing high blood pressure, risk of 

stokes and in treatment of anemia. In recent years, the material of Musa (banana) plant 

species have gained popularity as they are rich source in phytochemical contents.  

MATERIAL AND METHODS: 

Chemicals and Reagents 

Hexane, ethyl acetate, methanol solvents were used for successive extraction. Standards of 

phenolic acids (gallic acid), flavonoids (quercetin), tannins (tannic acid), Folin- ciocalteu 

reagent, sodium carbonate solution (7.5%), distilled water, 4% sodium hydroxide, 10% 

aluminium chloride solution, 5% sodium nitrite solution, saturated sodium carbonate 

solution,1,1- diphenyl-2-picrylhydrazyl (DPPH) (4mg in 100ml 95% methanol) were from 

department of chemistry, SHIATS, Allahabad. All the solvents and chemicals were of 

analytical grade. 

Collection of plant materials: 

The plant material of Musa acuminate (Red banana) was collected from Department of 

Horticulture, SHIATS, Allahabad. 

Preparation of Plant Materials: 

The plant material of Musa acuminate fruit was washed thoroughly using tap water and 

wiped using a clean cloth. The fruits of the Musa acuminate were cut into slices. Next, the cut 

material was allowed for shaded drying. The dried plant material was powdered using electric 

blending machine and kept in a tight-capped bottles. 
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Preparation of Plant Extracts: 

The extracts preparation was carried out by Soxhlet extraction procedure. Selection of 

solvent was done on the basis of increasing polarity using hexane, ethyl acetate and methanol. 

Soxhlet apparatus was used to extract the crude compound from the Musa acuminate fruit 

using hexane, ethyl acetate and methanol as its extraction solvent.  

Total Phenolic Contents: 

The total phenolic content in the extracts and the potencies was measured using Folin-

Ciocalteu reagent method. The samples (0.4 ml) (1µg/ml extracts) of various concentrations 

(0.4 to 1.2 ml) was transferred into test tubes. To this solution, distilled water (1.0 ml) and 

Folin-Ciocalteu reagent (1.0 ml) was added, and the tubes shaken thoroughly. After 1 min, 

sodium carbonate solution (1.6 ml, 7.5%) was added and the mixture was allowed to stand for 

30 min with intermittent shaking. A linear dose response regression curve was generated 

using absorbance reading of gallic acid at the wavelength of 765 nm using UV-Visible 

spectrophotometer. The total phenolic compounds concentration in the extract was expressed 

as µg of gallic acid equivalent per 10mg of dry weight of extract (µg GAE/100ml) (Evans 

and Trease, 1999). 

Total Flavonoid Contents: 

The total flavonoids content of the extracts and the potencies was determined according to 

colorimetric method. In brief, the sample solution (0.5 ml) of various concentrations (0.5 to 

1.3 ml) was mixed with distilled water (2 ml) and subsequently with 5% sodium nitrite 

solution (0.15 ml). After 6 min of incubation, 10% aluminium chloride solution (0.15 ml) was 

added and then allowed to stand for 6 min, followed by additon of 4% sodium hydroxide 

solution (2 ml) to the mixture. Consequently, water was added to the sample to bring the final 

volume to 5 ml and the mixture was thoroughly mixed and allowed to stand for another 15 

min. The mixture’s absorbance was determined at 510 nm using UV-Visible 

spectrophotometer. The total flavonoids content was expressed in µg of quercetin equivalent 

(QE) per milligram of extract (µg QE/10ml) (Evans and Trease, 1999). This method was 

repeated for all samples. 

Total Tannin Contents: 

The total tannin content of the given sample was estimated by the following standard 

procedure. The sample extract(1 ml) of various concentrations (1.0 to 1.8 ml) was mixed with 

Folin-Ciocalteau’s reagent (0.5 ml), followed by the addition of saturated sodium carbonate 

solution solution (1ml) and distilled water (8 ml). The reaction mixture was allowed to stand 
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for 30 min at room temperature. The supernatant was obtained by centrifugation and 

absorbance was recorded at 725 nm using UV-Visible spectrophotometer. Increasing 

concentrations of standard tannic acid was prepared. The tannin content was expressed as µg 

tannic acid equivalent per 10 milligram of the sample (µg TAE/100ml) (Evans and Trease, 

1999). 

In - Vitro Antioxidant Activity Assay: 

The DPPH free-radical scavenging activity assay elucidated by (Ogunlana and Ogunlana, 

2008) was followed. The hydrogen atom or electron donating activity of the different extract 

was measured from the bleaching of the purple coloured methanol solution of DPPH. The 

stable 1,1- diphenyl-2-picrylhydrazyl (DPPH) radical was used for determination of free 

radical scavenging activity of the extracts. The different concentrations (10-60µg/ml) each of 

the extract of Banana species was added with 1ml volume of DPPH (4mg in 100ml 95% 

methanol) methanol solution. DPPH solution was used as control and methanol as blank. 

Gallic acid was used as standard of concentrations. When 1,1- diphenyl-2-picrylhydrazyl 

(DPPH) radical reacts with antioxidant, DPPH was reduced from deep violet to light yellow 

after 30 minutes of incubation in dark at room temperature. The absorbance was measured at 

517nm. The percentage free radical scavenging activity of different fruit extract of Musa 

(banana) species was calculated by the following formula : 

Calculation: 

DPPH free radical scavenging activity = {(Ad-Ae) x 100}÷Ad 

Where Ae = Absorbance of the solution, when extracts had been added at particular level and 

Ad = Absorbance of DPPH solution without extract (control). 

RESULTS & DISCUSSION: 

Total phenolic content: 

 

 

 

 

 

 

 

 

 

Figure 1: Total phenolic contents of Musa acuminate (Red banana) fruit extracts 
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Total phenolic contents of Musa acuminate (Red banana) fruit extracts was carried out using 

Folin-Ciocalteu reagent (FCR) in terms of gallic acid equivalent per 100mg of dry weight of 

extract (µg GAE/100ml) (Evans and Trease, 1999). The total phenolic contents was 

obtained at different concentrations ( 0 to 1.2 µg/ml ) of different fruit extracts are hexane, 

ethyl acetate and methanol respectively. From the Figure:1, the total phenolic contents of 

gallic acid was highest among all the fruit extracts of Musa acuminate (Red banana). From 

the Figure:1, it was concluded that total phenolic contents in the fruit extract of Musa 

acuminate (Red banana) was high in methanolic extract than ethyl acetate and hexane fruit 

extracts. In Figure:1, when methanolic extracts of Musa acuminate (Red banana) was 

compared with the standard gallic acid then the total phenolic contents of methanolic fruit 

extracts of Musa acuminate (Red banana) was less than the gallic acid. According to 

(Sulaiman et al., (2011), they said that heat treatment applied during soxhlet extraction also 

may increase the extraction of phenolic compounds from fruit materials of Musa acuminate 

(Red banana). It was reported by (Singhal and Ratra, 2013) that the high concentration of 

phenols was measured in methanolic extracts of Musa acuminate peel. The extracts obtained 

using more polar solvents contain large concentration of phenols than the low polar solvents 

contain small concentration of phenols. 

Total flavonoid content: 

 

Figure 2: Total flavonoid contents of Musa acuminate (Red banana) fruit extracts 

Total flavonoid contents of Musa acuminate (Red banana) fruit extracts was carried out using 

Colorimetric method in terms of quercetin equivalent per 100mg of dry weight of extract (µg 

QE/100ml)  (Evans and Trease, 1999). The total flavonoid contents was obtained at ifferent 

concentrations ( 0 to 1.3 µg/ml ) of different fruit extracts are hexane, ethyl acetate and 
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methanol respectively. From the Figure:2, the total flavonoid contents was highest in 

quercetin than the fruit extracts of Musa acuminate (Red banana). From the Figure:2, it was 

concluded that total flavonoid contents in the fruit extracts of Musa acuminate (Red banana) 

was high in methanol than ethyl acetate and hexane extracts. Selection of solvents was done 

on the nature of polarity. Figure:2 showed that the total flavonoid contents in methanolic 

extracts of Musa acuminate (Red banana) was less than standard quercetin. It was reported 

by (Singhal and Ratra, 2013) that the high concentration of flavonoids was measured in 

methanolic extracts of Musa acuminate peel. The extracts obtained using more polar solvents 

contain large concentration of flavonoids than the low polar solvents contain small 

concentration of flavonoids. 

Total tannin contents: 

 

Figure:3 Total tannin contents of Musa acuminate (Red banana) fruit extracts 

Total tannin contents of Musa acuminate (Red banana) fruit extracts was carried out using 

Folin-Ciocalteu reagent (FCR) method in terms of tannic acid equivalent per 100mg of dry 

weight of extract  (µg TAE/100ml) (Evans and Trease, 1999). The total tannin contents was 

obtained at different concentrations ( 0 to 1.8 µg/ml ) of different fruit extracts are hexane, 

ethyl acetate and methanol respectively. From the Figure:3, it was concluded that total tannin 

contents in the fruit extracts of Musa acuminate (Red banana) was high in methanolic extract 

than ethyl acetate and hexane extracts. Figure:3 also showed that methanolic extracts has less 

total tannin contents than standard tannic acid. It was reported by (Apriasari et al., 2014) that 

methanolic extracts of Mauli banana (Musa species) had the highest concentration of total 

tannins contents. Selection of solvents was done on the increasing nature of polarity 

(methanol > ethyl acetate > hexane ). 
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In vitro antioxidant activity: 

 

Figure:4 The DPPH free radical scavenging activity of different fruit extracts of Musa 

acuminate (Red banana) against standard gallic acid 

Figure:4, showed the DPPH free radical scavenging of Musa acuminate (Red banana) in 

different fruit extracts with various concentration (10-60µl/ml). The extraction of antioxidant 

substances of different chemical structure, was achieved using solvents of different polarity 

(Canadanovic et al., 2008). Phenols are important constituents of plants because of their 

scavenging activity on free radicals due to their hydroxyl groups. Therefore, the phenolic 

contents of plants may contribute directly to their antioxidant action (Tosun et al., 2009). 

Figure:4, showed that the methanolic fruit extract gives higher free radical scavenging 

activity followed by ethyl acetate and hexane extracts of Musa acuminate (Red banana). The 

free radical scavenging activity increases as concentration of various fruit extracts increases. 

When it was compared with standard gallic acid, it was found that methanolic extract show 

lower % inhibition. This type of work was earlier reported by (Vadnere et al., 2012). It was 

reported by (Singhal and Ratra, 2013) that the methanolic extract show maximum 

scavenging activity of Musa acuminate peel which were almost significant to that of 

standard.  

IC50 Value: 

Inhibition Concentration (IC50) parameter was used for the interpretation of the results from 

DPPH method. The discoloration of sample was plotted against the sample concentration in 

order to calculate the IC50 value. It is defined as the amount of sample necessary to decrease 

the absorbance of DPPH by 50 % (Rao et al., 2012). 
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Table:1 50% inhibition concentration (IC50) of fruit extracts of Musa acuminate 

Musa Species 

 

 

 

Hexane 

extract 

(µl/ml) 

Ethyl acetate 

extract 

(µl/ml) 

Methanol 

extract 

(µl/ml) 

Gallic acid 

(µl/ml) 

Musa acuminate 

(Red banana) 

17 9.5 6 4 

 

CONCLUSION 

Results obtained in this investigation indicate that Musa acuminate fruit extract, rich in 

phenolics exhibited highest antioxidant and reducing activities. Total phenolic content had 

positive correlation with antioxidant capacity. It was observed that the fruit extract contained 

high level of phenolic content that might have accounted for the strong activity observed 

against DPPH radicals. The finding of this study suggests that this fruit could be a potential 

source of natural antioxidant that could have great importance as therapeutic agents in 

preventing or slowing the progress of ageing and age associated oxidative stress related 

degenerative diseases. Further investigation on the isolation and characterization of the 

antioxidant constituents is however required. 
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