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Abstract 

The objective of this study was to produce maltodextrin throughout a small scale process from the raw 

banana fruits of variety Bhusaval keli. In present investigation, banana fruits were firstly explored for 

preparation of starch. The starch so prepared was further utilized for the production of maltodextrin. The 

results revealed that bananas are rich source of starch as 34.20%. The data of research indicated that 

temperature (500C) and pH 4.5 yield comparatively higher amount of starch. The rheological attributes 

particularly the pasting behavior of starch was investigated. The data revealed that the viscosity at 900C 

was found to be maximum but there was increase in viscosity of the paste after cooling. The solubility 

behavior indicated that solubility was increased with increase in temperature of starch suspension. The 

maximum amount of maltodextrin was liberated at 4.5% concentration of hydrochloric acid at 120 min. 

interval. The rheological attributes particularly the pasting behavior of maltodextrin was investigated. 

The data revealed that the viscosity at 400C was found to be maximum and then decreases as the 

temperature increased. 

 

Keywords: Banana, maltodextrin, starch, rheological attributes, pasting behavior, viscosity, solubility 

and swelling power 

 

Introduction 

Fruits and vegetables account for nearly 90% of total horticulture production in the country. 

India is now the 2nd largest producer of fruits and vegetables in the world and is the leader in 

several horticultural crops, namely mango, banana, papaya, cashew nut, areca nut, potato and 

okra. 

Banana (Musa paradisiaca) is an important fruit crop of many tropical and subtropical regions 

of India. Besides India, other major banana producing countries are China, Philippines, 

Ecuador, Brazil and Indonesia. It is cultivated in India in an area of 860000 Ha and total 

production is around 30477000 MT. Main banana growing states are Tamilnadu, Maharashtra, 

Gujarat, Andhra Pradesh and Karnataka1. 

Banana is a starchy food that contains a high proportion of undigestible compounds, such as 

resistant starch and non-starch polysaccharides2. Maltodextrins (MD) are enzymatic and/or 

acid hydrolysis products of starch, consisting of a-(1, 4) linked D-glucose oligomers and/or 

polymers, which are normally defined as having a dextrose equivalent (DE) value < 20. They 

are commonly used as spray-drying aids for flavours and seasonings, carriers for synthetic 

sweeteners, texture providers, fat replacers, film formers, and bulking agents in the food 

industry3. 

Maltodextrin is also used as fat substitute in bakery products like cookies and cakes. It 

performs multifaceted functions in food systems, including caking resistance, texture and body 

improvement, films formation, binding of flavour and fat. It has been proven useful to reduce 

Maillard reactions and is used in microencapsulation of food components such as vitamins, 

minerals and colourants.  

In this research project, raw banana was used as source for the isolation of starch which is 

further utilized for the production of maltodextrin. 

 

Materials and Methods  

Materials 

Raw banana 
Green bananas of variety Bhusaval was used in the study was purchased from the local market 

of Nagpur. 
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The bananas were cleaned and stored properly at room 

temperature prior to their experimental use. 

 

Chemicals 

Chemicals used in this investigation were of analytical grade 

(AR) and purchased from Loba, Glaxo, BDH and Merch Pvt. 

Ltd. They were made available from Department of Food 

Technology, LIT Nagpur.  

 

Methods 

Preparation of banana powder 

For preparation of banana powder raw/green bananas were 

taken. Slices are made with the help of sharp knife. The peel 

of the slices is removed with help of hand/ knife. These slices 

were then dipped in 0.3% of citric acid solution to avoid 

browning for 10 min. Then, these slices were oven dried at 

50-600C for 24 hr. After this, slices were finely ground in the 

grinder to get banana powder4. 

 

Production of maltodextrin from banana starch 

Maltodextrin was produced by combination of 

depolymerisation 5, 6 i.e. hydrolysis of glycosidic linkages and 

trans glycocylation. Depolymerization can be affected with 

either an acid (HCl or H2SO4) or an enzyme or by 

combination treatment. These processes are referred to as acid 

conversions, enzyme conversions and combination 

conversions, respectively. 

In the present study acid conversion with Hydrochloric acid 

(HCl) was adopted for production of maltodextrin. 5 gm of 

air-dried starch was allowed to react with known 

concentration of HCl at 500C for specific interval of time. 

Then, acidic slurry was neutralized with the help of standard 

alkali solution. This neutralized paste was vacuum dried and 

washed with isopropanol, air dried and weighed. The per cent 

yield of maltodextrin was then calculated.  

 

Isolation and purification of starch and maltodextrin from 

banana powder 

 

 
 

Flow sheet 1: Maltodextrin production from banana powder 

 

Moisture content 

Empty petri dishes were dried using a drying oven for 1 hr at 

1000C. The dishes were cooled for 30 min in a desiccator 

(with granular silica gel) and weighed using a digital 

analytical balance to the nearest milligram. About 5.000 g of 

well-prepared fresh samples (in triplicate) were transferred 

into dried and weighed petri dishes. The dishes and their 

contents were placed in hot air oven and dried for 4 hr at 

1050C. The dishes and their contents were cooled in a 

desiccator to room temperature and weighed. The procedure 

was repeated until a constant weight was recorded. The 

resultant loss in weight was calculated as moisture content7. 

 

 
 

Where, 

 W1 = Weight (g) of the material before drying  

 W2 = Weight (g) of the material after drying  
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Ash content 

Silica crucibles were placed in a muffle furnace for 30 min at 

5500C. The crucibles were cooled in a desiccator (with 

granular silica gel) for about 30 min and weighed to the 

nearest milligram. About 5 g of the powdered sample was 

accurately weighed into a pre-weighed silica crucible. It was 

then carbonized in silica crucible on burner followed by 

heating at about 600°C for 6 hr in the muffle furnace to get 

complete white colored ash, allowed to cool in the furnace. 

Then, the crucible was transferred to a desiccator and weighed 

as possible to prevent moisture absorption. The ash was 

calculated using following formula7. 

 

 
 

Crude fiber content 

About 2 g of moisture and fat free sample was first digested 

with 200 ml boiling 0.255 N H2SO4 for 30 min. After acid 

digestion, the mixture was filtered and washing of residue 

with hot water was carried out to remove traces of acid. Then, 

alkali digestion was performed with 200 ml of 0.313 N NaOH 

for 30 min. Again the mixture was filtered and washing of 

residue with hot water was carried out to remove the traces of 

alkali. The residue was dried and weight was taken (M1). It 

was ignited in muffle furnace at 6000C for 3 hr and cooled 

and weighed (M2). The following equation was used for 

estimation of crude fiber content (%) in the sample7: 

 

 
 

Crude fat content 

The crude oil content was determined by ether extraction 

using Soxhlet’s apparatus7. 

 

Reagent  
Petroleum ether having a boiling point of 40-60°C. 

 

Procedure  
About 5 g powder sample was taken on filter paper and made 

a suitable size packet. The packet was placed in extraction 

flask of Soxhlet’s unit and attached to collecting flask. One 

and half siphon ful of solvent was poured through extraction 

flask into pre-weighed collecting flask. Assembly condenser 

was connected to tap water and the flask was heated at 60°C. 

Sample with 6-8 siphoning was extracted and most of the 

solvent was distilled off to extraction flask. The collecting 

flask was dried on water bath and then at 100°C for 1 hr in an 

oven. The flask was cooled and weighed. Increase in weight 

of flask represented crude fat content. Per cent fat content in 

the sample was calculated using formula. 

 

  
 

Crude protein content 

Protein was determined by Micro-Kjeldahl method using 0.5 

g of ground sample by digesting with concentrated sulfuric 

acid (H2SO4) containing catalyst mixture for 3-4 hr at 1000C. 

Then, it was distilled with 40 per cent NaOH and liberated 

ammonia was trapped in 4 per cent boric acid and then it was 

titrated with 0.1 N HCl using mixed indicator (Methyl red: 

Bromo cresol green::1:5). The per cent nitrogen was 

calculated and protein per cent was estimated in the sample by 

multiplying with factor 6.257. 
 

 
 

 Protein (%) = % Nitrogen x 6.25 

 

Carbohydrate content 
Carbohydrate was calculated by difference method as 

follows8: 

Carbohydrate (%) = 100 – % (Moisture + Fat + Protein + Ash 

+ Fiber) 

 

Starch content  

The sample is treated with 80% alcohol to remove sugars and 

then starch is extracted with perchloric acid. In hot acidic 

medium, starch is hydro lysed to glucose and dehydrated to 

hydroxy methyl furfural. This compound forms a green 

coloured product with anthrone9. 

 

Swelling and solubility characteristics of banana starch  
The solubility and swelling power of the isolated and 

modified starches were determined by the modified method10. 

One gram of starch in 50 ml of distilled water was heated at 

the specified temperatures for 1 hr while gently stirring and 

then centrifuged at 4500 rpm for 30 min.  

 

Gelling ability/ Spread ability of starch solution 

The different starch suspension (1 to 10%) was prepared in 

test tubes with distilled water. The suspension of starch from 

each cultivar was heated in water bath at 90 0C for 30 min 

with constant stirring. The suspension was then cooled 

immediately in chilled water to set the solution. Then, the test 

tube was inverted to observe the flow ability of suspension. 

The % solution of setting of gel was observed and recorded11. 

 

Water absorption capacity  

5 gm of starch and 100 ml of water was added to pre-weighed 

centrifuge tubes at room temperature and then heated to 

different temperatures, i.e. 50, 60, 70, 80 and 900C, for 15 min 

with every 5 min shaking period. Tubes were centrifuged at 

3000×g for 15 min., the supernatant was decanted, and the 

tubes were allowed to drain for 10 min at a 450 angle. The 

tubes were then weighed and the gain in weight was used to 

calculate the water retention capacity12. 

 

Results and Discussion 

Chemical composition of raw banana powder 

A chemical composition of banana powder from variety 

Bhusaval keli was investigated and the results are presented in 

Table 1. The results indicated that the amount of starch was 

found to be 34.2%. It is clear from the results that banana 

powder contains considerably low amount of protein and fat. 

The results obtained in the present investigation are in good 

accordance with the results reported previously. However, the 

possibility of differences in the composition of banana 

powder may be due to environmental, geographical and 

cultivation practices. Nevertheless, there is a good measure of 

agreement with regard to starch content. 
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Table 1: Proximate composition of raw banana powder of variety 

Bhusaval keli 

 

Sr. No. 1 2 3 4 5 6 

Composition Moisture Ash Fat Protein Fiber Carbohydrate 

Banana 11.10% 0.97% 0.47% 7.48% 0.99% 78.99% 

 

Proximate composition of starch 

The proximate analysis of banana starch obtained from 

variety Bhusaval keli was carried out in order to know the 

potential of starch for the production of maltodextrin. The 

results on proximate composition of banana starch revealed 

that yield of starch were around 35% when isolated at 

optimized conditions. The discrepancy in results may be 

mostly attributed to the isolation and purification methods 

adopted by different workers.  
 

Table 2: Starch content by Anthrone method 

 

Standard dextrose solution (ml) Optical Density at 620 nm 

Blank [0.0] 0.00 

0.02 0.15 

0.04 0.47 

0.06 0.75 

0.08 0.99 

0.10 1.17 

Sample[0.2] 1.00 

 

 
 

Graph 1: Standard graph for dextrose 

 

Rheological characteristics of starch from banana powder 

In order to assess the importance and feasibility of starch in 

food and other industry, the viscosity profile is considered as 

one of the important parameter. In the present investigation, 

the viscosity of banana starch solution over a wide range of 

shear rate have been carried out by using Haake’s Roto 

viscometer (RV-20). The flow behavior of banana starch 

solution at various temperatures (60-900C) was investigated. 

The results revealed that the viscosity increases considerably 

when the temperature of starch solution increases from 60-

900C. However, it is worthwhile to know that there was 

increase in the viscosity of the paste after cooling. This may 

be due to variation in the amylose and amylopectin ratio.  

 

Swelling and solubility characteristics of banana starch. 

The swelling and solubility characteristics are of significance 

in understanding the organization of molecules within the 

granules. The results on per cent solubility and swelling 

power are presented. The data indicated that the starch 

solubility was increased with increasing the temperature from 

40- 900C. The resultant increase at higher temperature may 

attribute to the pasting/gelatinization temperature of 

respective starches. The increase in solubility may be mainly 

due to the dissociation of hydrogen bonds in amylose of the 

starches, which possess micelle structure units together. 

Therefore, an enhancement in the temperature was found to 

accelerate the destruction rate of hydrogen bonds during 

heating of starch paste. 

The swelling power of starch was increased from 40-900C. 

The abrupt increase in swelling is due to the effect of 

temperature on the uncoiling of starch molecules which found 

to facilitate water penetration inside the starch granules and 

its molecule, bound to the active center of the starch which 

intern, resulted in an increase in swelling power of starch 

molecule.  

 

Production of maltodextrin  

Attempts have been made to standardize various parameters 

(acid concentration and reaction time) for the production of 

maltodextrin from banana starches of variety Bhusaval keli 

and the obtained bright maltodextrin powder. 

It can be also seen from the result that as the reaction time 

increase from 60-120 min, the increase in yield of 

maltodextrin was observed. Unless otherwise mentioned acid 

concentration (4.5%) and reaction time (120 min) were found 

to be optimum as maltodextrin yield was maximum.  

 

Gelling ability/Spread ability of starch 

Gelling ability or spread ability of starch indicates the 

viscosity of starch solution. Starch solution containing 0.5% 

starch show low viscosity whereas 1% starch solution show 

firm gel appearance. 

 
Table 3: Gelling ability/Spread ability of starch 

 

Starch % Viscosity 

0.5 Low viscosity 

0.6 Moderate viscosity 

0.7 Viscous 

0.8 Highly viscous 

0.9 Gel 

1.0 Firm gel 

 

Water absorption capacity  

Water absorption capacity of banana starch is 2.436 gm of 

water/gm of flour.  

 

Conclusion 

It may be concluded from the data obtained in the present 

investigation that good quality starch (34.2%) can be prepared 

from raw banana. The starch so prepared is vital and potential 

raw material for the production of maltodextrin and may be 

explored for industrial or commercial exploitation in different 

food products as fat replacer. Maltodextrins are metabolized 

similar to starch. Thus, fat replacers like maltodextrin can be 

recommended for use in food products for diabetic. Moreover, 

by lowering the fat and cholesterol, they reduce the incidences 

of heart diseases.  
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