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ABSTRACT 

Banana (Musa paradisiaca) consist of carbohydrates and micronutrients. Raw Banana flour is one of the 

important ingredients for bakery foods while preventing the losses in post-production of this bulky and 

perishable banana. The present study was carried out in the Babasaheb Bhimrao Ambedkar University 

during session 2021-2022. The study was aimed to standardised and analysis of microstructure through 

Scanning Electron Microscope (SEM), Total Phenolic Content(TPC), antioxidant activity of raw banana 

flour(DPPH). Banana flour was standardised in the laboratory by taking 1 kilogram raw banana then 

solar drying and dehydrating. It was found that 540gms of banana flour was obtained..SEM images shows 

that banana flour particle from all raw banana flour are cylindrical and some are irregular in shape. Also, 

some of them have dense surface with debris. The total phenolic content is 12.0 gm. In vitro Standard 

spectrophotometer methods were used in analysing the antioxidant activity. 
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INTRODUCTION 

Banana is grown in tropical and subtropical regions and fifth largest agricultural product in the world. India 

contributes to around 27% of the world’s banana production, annually and thereby India is the top producer of 

banana. Banana is at high risk of fungal infection and it is highly perishable. Consumption of banana has many 

advantages. As it has high potassium content serves as electrolytes which regulate heart functions, blood pressure 

and helps in maintaining fluid balance. In many places, there is loss of nutritive value of banana due to improper 

agricultural practices which results huge economic loss. Banana is used in producing banana flour by drying 

process from raw stage, and to use the flour into various new products which is beneficial from the point of view of 

economy. Green banana flour consist of high total starch, resistant starch and dietary fibre contents of nearly 73.4%, 

17.5% and 14.5%, respectively, on a dry weight basis. Due to the presence of above ingredient, green banana flour 

can be consider good for human health.[1] 

Banana is one of the oldest fruits. Banana has distinct aroma and it has grown widely in all parts of the 

world. It is highly nutritious. Banana is other names are “Apple of Paradise” and “Tree of paradise”. It is provides 
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us with vitamin A, C, B2 and minerals like magnesium, sodium, potassium, phosphorous, calcium and iron. The ripe fruits 

are very good in taste. Different products of the products are made from banana such as banana chips, fig, soft drink, flour 

and jam.[2] Banana peel is a tropical fruit, obtained by large herbaceous plants, belongs to family of Musaceae. Banana 

peel is the good source of dietary fiber, amino acids, antioxidants, potassium, magnesium and bioactive compound. 

Research has shown that banana peels can be beneficial in controlling kidney failure, heart disease and respiratory diseases 

due to presence high potassium content. To increase storage time banana peel are converted into powdered form as it is 

highly perishable.[3] 

Fruits and vegetable by-products are not waste, as they are often considered, but they have many applications and 

can be used to extract a variety of value-added products. Pectin is a value-added ingredient that can be derived from a 

variety of fruit peels, such as banana peels, citrus fruit peels, and so on. The food industry accounts for the potential 

application of pectin in several ways such as a thickening agent, as a stabilizer and emulsifier, and also as a gelling agent. 

Pectin is considered to be the substance present in the greatest proportion in the by-products of many fruits, including 

apple, mango, and banana, etc. Pectin is also a strong source of antibacterial and antioxidant compounds.[4] 

To increase the usage of banana, production of immature banana powder and its incorporation to various 

innovative products is usually becoming one of best practiced in banana producing countries. In most of the South East 

Asian countries, banana is mainly consumed ripe. It is starchy, rich in carbohydrate, calcium, phosphorous, iron and other 

food nutrients and gives sweet and salt free diet. Bananas help in the retention of calcium, nitrogen, and phosphorus, to 

build healthy and regenerated tissues. Bananas helps into fighting with intestinal disorders like ulcers. Bananas are safe 

ulcer patients.[6] 

Phenolic compounds and natural antioxidants in banana helps in the storage stability and health benefits.[7] 

Current trends show an increase in research on the usage of unripe banana products by consumers due to the 

polyphenols[8] free and bound phenols like anthocyanins in fruit pulp [9] and moderate antioxidant capacity in flour of 

unripe green banana [10] [11] 

MATERIALS AND METHODS 

Sample Procurement 

 Raw Banana was procured at 50% maturation from the fruit mandi at Vrindavan Colony, Lucknow, Uttar Pradesh. The 

bananas were washed, peeled and sliced with stainless knife sliced into a uniform thickness approximately. 

 
Figure1: Raw Bananas 
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Preparation and Standardisation of Raw Banana Flour 

Raw Banana flour was produced using procedure used in [12] as shown in Figure2. Raw Banana flour was prepared and 

standardised in the laboratory. 1 kilograms of Raw bananas were removed from their bunches through manual method, 

peeled and sliced by using a sharp knife. Banana slices were dried in an solar drier and oven drier. By using solar drier, raw 

banana were dried for three days in a bright sunny days and then for fifteen minutes in dehydrator at 70 degree celsius. 

After completion, dried banana were grinded well to make powder out of raw banana to produce raw banana flour using a 

mechanical grinder it was found of 540gms weigh. And then packed in an air tight container for future use. 

 

Figure 2: Flow Diagram For Preparation of Raw Banana Flour 

 

Figure 3: Solar Drier 
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 Microstructure Analysis of Raw Banana Flour 

 Scanning Electron Microscopy (SEM) 

A scanning electron microscope (SEM-EDX)was used to study the structural integrity of the banana flour granules. The 

raw banana flour particle samples were analysed using Scanning electron microscopy (SEM) method to extract the 

structural properties of the sample. The sample was mounted on to the Aluminium stubs with carbon tape and coating of 

the samples was done by using the Sputter coater to make the sample conductive. All the samples were observed at 15 KV 

using a high resolution of Scanning Electron Microscope (JSM 6490). An electron beam set at a particle size of 10–50 µm 

was used to view the morphology of the samples. 

Antioxidant Activity of Raw Banana Flour: 

The method was carried out according to the method used in [4].Antioxidant activity of raw banana flour can be 

determined by its a) flavonoid content (TFC), b) phenolic content (TPC),c) Scavenging activity (DPPH). 

Sample Preparation 

The extraction was carried out according to the method used in [4].10 ml of distilled water diluted with one gram of banana 

flour in the ratio of 1:10. Mixture was stirred using magnetic stirrer and then rest for 48 hrs. After 48 hours, filtered the 

mixture by using Whatman No 2 filter paper in a 250 ml Erlenmeyer flask and then transfer the resulting filtrate in the 

refrigerator until use. 

Determination of Total Phenolics Content of Pectin 

Colorimetry assay process is the method by which total phenol of pectin extract was measured. Folin reagent and stock 

solution gallic acid was used. The preparation of gallic acid (1 mg/ml) was carried out by combining 10 mg of gallic acid 

with 10 ml of methanol. Several concentrations of gallic acid (0, 4, 8, 12,16 μg/ml) were prepared in methanol and pectin 

extracts. Add 2-3 ml of Sodium carbonate (20% Na2CO3) to 1 ml of the Folin reagent at each concentration, using distilled 

water to increase the volume up to 10 milliliters. Using a UV Visible spectrophotometer, optical density at 750 nm was 

measured. And the mixture could be kept at room temperature. Unit is mg GAE/G. 

 Analysis of total flavonoid in pectin extract 

Colorimetric assay technique was used. The standard solution of quercetin contains 4 milligrams of quercetin diluted with 

1 ml of methanol reagent of various concentrations (4,8.12,16 mg/ml). Dilute 0.3 ml Sodium carbonate (5% Na2Co3) in 4-

5 ml of distilled water in addition to 1 ml of pectin extract and 1 ml quercetin standard solution, allow to stand for 

approximately 56 minutes. Subsequently, 0.3 ml of aluminium chloride (10% AlCl3) was added and again rest for few 

minutes. Finally, 2 ml of 1N Sodium hydroxide (NaOH) was added to the mixture which then diluted to make 10 ml of 

volume. Using a spectrophotometer, optical density at 510nm and using a standard curve. It is expressed in units of 

(mgQE/g)  

Free radical scavenging activity (DPPH) 

The antioxidant potential of DPPH is calculated using a spectrophotometer with small modifications. In methanol, DPPH is 

dark blue in color. In its reduced form, there is a change in color from purple to yellow of antioxidant compound changes 

and then DPPH gains electron. DPPH shows strong absorption at 517 nm, determined by 1,1-diphenyl-2-pyridyl 
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hydroxylase (DPPH). DPPH was prepared in a 0.1 mmol/L in methanol solution.1 ml of this solution can be combined 

with 3-5 ml of pectin extract at varying concentrations (0, 4, 8, 12,16 µg/ml). A control sample of 1 ml of methanol was 

prepared and incubated in the darkroom for 30 minutes at ambient temperature. A UV Visible spectrophotometer was used 

to measure absorbance at a wavelength of 517 nm. To calibrate the UV spectrophotometer, methanol is used as a blank. 

Reduction in the absorption value, Shows high activity in scavenging free radicals. Percentage of DPPH is calculated 

: %𝐷𝑃𝑃𝐻𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 𝑂𝐷𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑂𝐷𝑠𝑎𝑚𝑝𝑙𝑒 × 100 ÷ 𝑂𝐷𝑐𝑜𝑛𝑡𝑟𝑜𝑙 
 

OD=Optical density  

Note: DPPH is very sensitive to light so that the test tube was covered with brown paper. 

RESULTS AND DISCUSSION 

 Microstructure Analysis of Raw Banana Flour 

Scanning Electron Microscopy (SEM) of particles from Raw Banana Flour 

The SEM images of particles are obtained from raw banana flour are shown in Figure 4,5,6,7,8. SEM helps in finding 

morphological property of surface, structural integrity, as well as help in determining of the size and shape of particles. In 

this study, SEM result shown that particles of raw banana flour had shape which were irregular, and they had dense 

surfaces with debris. The particles of banana flour diameter ranged from 10µm to 50µm. According to Reyes-Atrizco et al., 

[15] banana flour particle has size from 4–35 µm. Raw banana flour have longer, oval-shaped granules which had 

fragments on surfaces. The observed variation in raw banana particle can make variation in the thermal property and 

swelling power. 

  

Figure 4 
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Figure 5 

 

 

Figure 6 

 

Figure 7 
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Figure 8 

Antioxidant Activity of Banana Flour 

Total Phenolic Content 

Phenolic antioxidant are also known as primary antioxidant. Sometimes, there is a reduction in bioavailability, digestibility 

because of presence of antinutrients. Gallic acid, catechin, epicatechin, tannins, anthocyanins, catecholamines, phenolic 

acids, and flavonoids are present in banana. Different factors influence presence of nutrients like ripening stage of the fruit, 

location, climatic factor and different agricultural practices [6] TPC of raw banana flour is 4.98 mg GAE/g. According to 

[6] TPC of Awak-Dacca flour TPC content range from 3.58 to 4.95 mg GE/g, 

 Total Flavonoid Content 

Banana flour have high TFC content in wheat flour, and the flavonoids which are present in bananas are quercetin, 

myricetin, and kaempferol. According to [6], flavonoids can work against infectious diseases, cardiovascular diseases and 

related diseases. TFC of banana flour is 0.25 mg QE/g. According to [6] Awak and Dacca flours TFC content is from 0.20 

to 0.27mg QE/g. 

DPPH Activity Analysis 

DPPH is the most convenient way to determine the antioxidant property of a sample. Because DPPH free radicals are 

scavenged by antioxidant compound. Fig. 2 shows the graph between concentration (µg/ml) and inhibition activity (%) of 

raw banana flour. Banana being abundant in antioxidants has contained bioactive compounds such as phenolics, 

carotenoids, dopamine, carotenes, norepinephrine, and ascorbic acid (vitamin C) which have the ability to protect the body 

against oxidative stress. [6] At 16µg/ml highest antioxidant activity was achieved. According to [13] The DPPH ranged 

from 11.15 to 30.0% in PPF(Prickly Pear Flour) and BPF (banana flour) respectively and from 3.29 to 10.39% in control 

and composite flours.  
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Figure 9 

CONCLUSIONS 

In this study, SEM result shown that particles of raw banana flour had shape which were irregular, and they had dense 

surfaces with debris. The particles of raw banana flour diameter ranged from 10µm to 50µm. Raw Banana flour have high 

anti-oxidant content.  
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