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Abstract
The current study’s goal is to isolate the starch from different varieties of 
banana i.e. Local Banana (LB) and BARI Banana 2 (BB2) and characterize 
them in order to explore their physical and chemical compositions, amylose 
content, resistant starch content, functional properties, granule morphology 
and crystalline pattern. Different techniques were used for characterization 
viz. X-ray diffractometery (XRD), Fourier Transform Infrared Spectroscopy 
(FTIR), Scanning Electron Spectroscopy (SEM) etc. The starch extracted from 
banana showed significant difference in the amylose content and the value 
was found 28.26% and 25.93% respectively for local banana starch (LBS) and 
bari banana 2 starch (BB2S). This study also revealed that selected banana 
varieties can be a potential source for the production of resistant starch. The 
resistant starch (RS) content of the banana was found 46.93% and 45.78% 
respectively for LBS and BB2S. Using de-branching and autoclaving technique 
in the starch, there was a significant increase in RS content. Paste clarity was 
decreased gradually with time for all the starch samples. Water absorption 
capacity (WAC) and oil absorption capacity (OAC) of LBS and BB2S were 
found in the ranged of 165.8-170.7% and 132.6-168.1% respectively. XRD 
showed both LB and BB2 starches had B-type crystal pattern. The d-spacing 
of banana starches were ranged from 3.86-5.88Á. SEM data revealed that 
banana starches possessed the regular elongated round ridges with smooth 
surface in the range of 4.3-12.4 µm. The information obtained from this research 
indicates that both banana starches can be used in different areas; especially in 
food, pharmaceutical and cosmetics industries as an edible coating, thickening 
agent, fat replacer, etc. Also, banana starch containing functional food can be 
recommended for diabetic patients.
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Introduction 
Banana (“Musa Paradisiaca”) is the world 4th most 
important agricultural crops and considered as one 
of the most important energy sources for human.1 

In tropical and subtropical regions, they are highly 
cultivated and popularly consumed. India is the 
leading country for the production of banana. 
According to FAO, approximately 119 million MT 
of bananas were produced worldwide annually in 
2020.2 Banana consists primarily of water (75%), 
carbohydrates (25%), and trace amounts of 
protein and fat.3 Additionally, it is a major source 
of micronutrients and has significant amounts of 
potassium, calcium, phosphorus etc.3 Interestingly, 
starch is being considered the principal ingredient 
of green banana and an important nutritional 
component in all human populations and is the 
storage form of polysaccharides found in green 
plants i.e cereals, roots and tubers, rhizomes, stems 
and fruits.4

Amylose and amylopectin are two important high-
molecular-weight carbohydrate components, which 
are largely responsible for the functioning of starch.5 

For modifying the consistency and texture of food, 
this biopolymer is a great raw material. In starch, 
glucose molecules are covalently linked together in 
a long chain. Due to its white appearance, absence 
of odor, ease of digestion, and small particle size, 
banana starch has gained much more attention 
nowadays. Due to these qualities, starch has a wide 
range of uses in both the culinary and non-food 
industries.6 In the food industry, starch serves as a 
thickening, a processing aid, a source of suspended 
particles, and it can also perform specialized 
activities by changing its structural makeup.7 Starch 
type and quantity both play a crucial role on the 
texture of a particular food product. Extensive studies 
have shown that starch has physiological functions 
similar to those of dietary fiber.8 The modern food 
industry produces a large variety of food products 
that require starch, which can withstand a wide 
range of preparation conditions and processing 
procedures.9 The industrial use of starch is controlled 
by its functional properties. The origin and variety 
in granule morphology (size and shape), degree of 
crystallinity, amylose and amylopectin concentration 
all affect the functional qualities of native starches.10 
To meet these requirements, native starches are 
modified through enzymatic, chemical, and physical 
processes.11

The extraction of starch from various banana cultivars 
has been the subject of numerous investigations and 
their physicochemical characteristics. The main 
focus being on the proximate analysis, chemical 
structure, the swelling power and solubility, amylose 
content and amylose leaching, the pasting properties 
and paste clarity, gelatinization, crystallization, 
morphological, and digestibility.12 Depending on the 
variety, banana flour's chemical composition ranged 
from 3.71 to 4.53% crude protein, 10.32 to 10.72% 
moisture, 0.12 to 0.16% crude fat, 1.20 to 2.38% 
ash, 0.68 to 1.19% crude fiber, 81.95 to 83.15% 
carbohydrate, and 8.00 to 8.54% dietary fiber.13  

The banana starches moisture, ash, and protein 
contents were 11.12%-11.84%, 0.23%-0.47%, 
and 0.1% respectively, whereas the amylose 
concentration ranged between 11% and 13%. The 
average diameter size of the banana starches 
was between 16.31 and 21.98 µm. The starch's 
peak viscosity was ranged 488.42 to 558.66 RVU. 
At 80°C, significantly rose the water absorption 
capacity (WAC) and swelling power (SP). The 
maximum values of solubility (12.52%–14.19%) and 
SP (12.43–14.27 g water/g starch) were attained 
at 90°C. The starch clarity follow the same pattern 
and ranged from 1.7% to 2.3%.14 In an another 
study, it was found that banana flour has lower 
amount of gluten compare to mostly used wheat 
flour, so banana flour can be used for several 
purposes in food industry like as in producing bread, 
pasta, cookies etc.15 In 2020, National Institute of 
Health, Italy, reported that high amylose content 
in banana starch can fight against obesity and 
lower the glycemic load. Banana starch contains 
considerable amount of resistant starch that make 
it more appealing to researcher to develop food 
products.16 RS is considered as a functional starch 
when added to food products since the enzyme from 
human micoflora cannot degrade it. They reside 
longer period of time in the small intestine and feed 
the healthy microbiome living in human gut. As a 
result RS is considered to have many potential health 
benefits such as reduced appetite, improved insulin 
sensitivity, lower the glycemic index and several 
benefits for digestion.17,18

Though several researches are available where 
the isolation of starch from banana and their 
functional properties were investigated, but there 
is no comparative research has been done so far 
on the starch extracted from different verities of 
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banana grown in Bangladesh and their potential 
uses. Considering the importance of banana 
starch, research in this area aimed to accomplish 
the following:(i) isolate the starch from two banana 
varieties; (ii) to characterize the extracted starches 
to know their physicochemical, microstructural and 
functional properties; (iii) to build up a comparative 
relationship between the banana starches and 
finally (iv) to find out the possible field for potential 
application of the extracted starches.

Materials and Methods
Sample Collection   
Locally cultivated green banana samples were 
collected on random basis from seven different 
areas of Bangladesh. The Bangladesh Agricultural 
Research Institute (BARI), Joydebpur, Gazipur, 
Dhaka, Bangladesh provided the source material 
for the BARI banana-2. 

Physical Characteristics Analysis of Banana
Physical characteristics of banana were determined 
according to Faquino C F et.al. (2017).19 The following 
properties were assessed on sixty randomly selected 
samples after fruits were removed from the comb, 
leaving a 1.5 cm  stalk behind. A digital balance 
was used to determine the fresh weight. The length 
and girth of the fruit were measured. To determine 
the pulp and peel ratio, the pulp and peel ratio 
components of fruits that had been hand peeled 
and steam-peeled were separated and weighted.

Proximate Composition Analysis
Samples were analyzed for proximate composition 
(moisture, ash, protein, fat and fiber contents) by 
Association of Official Analytical Chemist (AOAC, 
2005) standard procedures.20 The amount of protein 
was calculated from g/100g N× 6.25. By calculating 
the difference, carbohydrates were determined, and 
Atwater conversion factors were used to compute 
the energy. All measurements were done in triplicate.

Micronutrients Analysis
With few modifications, the procedure outlined 
by AOAC (1990) was emploed for micronutrients 
analysis. The ash dissolved with 40 mL of 10% 
HCl and heat over a water bath for 1.0 hour to 
dehydrate silica. Add more water to dissolve soluble 
salt and filter into a 100.0 mL volumetric flask using 
Whatmann No. 1 filter paper. The sodium (Na) 
and potassium (K) content of the samples were 

determined by using a flame photometer (Jenway, 
PEP7, UK). Calcium (Ca), Magnesium (Mg), Iron 
(Fe), Manganese (Mn), Zinc (Zn) and Copper (Cu) 
content were determined by atomic absorption 
spectrometer (VARIAN-220, USA).

Amylose Content Determination
Zhu et al. (2008) developed method was followed 
to determine the amylose content.21 0.1 g of sample 
was treated with 100.0 mL 0.1N alkali to release the 
amylose from the starch. The presence of amylose 
produces blue color by the addition of tri-iodide 
ion. Using a UV-vis spectrophotometer the OD was 
measured at 600nm. Standard control was used for 
the determination of amylose content in samples.

Determination of Blue Value 
1.0 mL of 95% ethanol was added to 0.1 g of banana 
starch to disperse the starch. 9.0 mL of 1M sodium 
hydroxide was added and gelatinized by being 
heated in a water bath. A volumetric flask of 100.0 mL 
was used to quantitatively transfer the mixture, which 
was then topped off with distilled water. Pipetteing 
out 5.0 mL of this solution and transfered into a 
100.0 mL volumetric flask. 1.0 mL1.0M acetic acid  
and 2.0 mL of stock iodine (0.2 g I2/2 g KI) solution 
was mixed and then volume made up to mark with 
distilled water. For color development, the mixture 
was kept for 20 min. The solution was scanned at 
350-950 nm in a UV visible spectrophotometer. The 
same iodine solution but without sample was used 
as blank. Amylose from potato was used to prepare 
standard curve.

Blue value = (Maximum absorbance × 4) / (Starch 
concentration (mg / dl))

Starch Extraction 
Green banana slices were peeled and soaked in 
200.0 mL of 0.2% sodium bisulfite solution at pH 
4.5. The mixture was then mixed on low speed for 
5 minutes in a waring blender before being left at 
40°C for 24 hours. To remove pulp, it passed through 
a 200 mesh screen which was then rinsed with a 
touch of distill water. The remaining peel and fiber 
in the starcy slurry were removed by centrifuging 
the filtrate at 500 rpm for 5 minutes. The starch 
was then precipitated by centrifuging the decanted 
starch slurry at 3000 rpm for 10 minutes.Then the 
white sediment was dried in an air convection oven 
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at 40°C for 48.0 hours. After drying, ground with 
a mortar and pestle and passed through 150 and 
80 mesh screen. Stored in a zip-lock bag at room 
temperature for further analysis.

Determination of Resistant Starch Content
The enzymatic method developed by Goni et al. 
(1997) was employed to determine resistant starch 
content with some change.22  500 mg of homogenized 
sample previously sieved through 200 mesh was 
transferred to a 50 mL falcon tube. 0.2 mL of pepsin 
solution (1 gm pepsin/10 mL of KCl-HCl buffer, pH 
1.5) was added and placed in a water bath for 60 
minutes at 40ºC and 120 stokes per minutes. Treated 
the mixture with1.0 mL of Pancreatic Alpha Amylase 
solution (40 mg Alpha amylase per mL of tris maleate 
buffer) and incubated for 16 hours in a 37ºC water 
bath with continuous shaking. The supernatant 
was discarded by centrifugation, then 3 mL of 4M 
KOH and distilled water were added and kept for 30 
minutes. After adding 80 µL of amyloglucosidase and 
5.5 mL of 2M HCl were added, placed the mixture in 
a 60ºC shaking water bath for 45 min. Centrifuged 
at 3000×g for 15 min and collected the supernatant. 
The residue was washed again and the supernatant 
was collected. Using a spectrophotometric technique 
and glucose oxidase-peroxidase reagent, the 
glucose concentration was calculated.

RS content (%) = Concentration of glucose from 
calibration curve × 0.9 × volume correction × 1/1000 
×100/weight of sample

Functional Properties Analysis 
Foaming Properties Determination
The method described by Narayana and Narasinga 
(1982) was followed to determine the foam capacity 
(FC) and foam stability (FS).23 1.0 g of sample was 
transferred to a graduated cylinder and diluted 
with 50 mL of distilled water at 30 ± 2 ºC. Foam 
was formed after the suspension was shaken for 
5 minutes. In order to calculate the foam capacity, 
the volume of foam at 30 seconds post-whipping 
was used: 

Foaming capacity (%) = ((Volume of AW-Volume of 
BW))/(Volume of BW)  ×100

Where, AW = after whipping, BW = before whipping. 

Foam stability was calculated as a percentage of 
the initial foam volume by measuring the volume of 
the foam one hour after whipping.

Solubility and Swelling Power
Solubility and swelling power were determined 
according to the method employed by Oladele and 
Aina, (2007) with few change.24 1.0 g of  sample was 
transferred to a pre-weighted 50 mL centrifuge tube 
and stirred after adding 40.0 mL of distilled water.
The mixture was heated at 55, 65, 75, 80, 85 and 
95ºC while being stirred constantly for 30 minutes. 
It was centrifuged at 2200 rpm for 15 minutes after 
being cooled to room temperature. The supernatant 
was poured into crucible that had been previously 
weighed, and then heated until it evaporated. 
Solubility was determined by measuring the amount 
of solid that remained in the crucible after the liquid 
had been removed.

Solubil ity (%)= (Weight of dried sample in 
supernatant) / (Weight of original sample) ×100

The swelling power was calculated by measuring 
the weight of the paste in the tube and plugging the 
results into the following equation:

Swelling power (%) = (Weight of wet mass of 
sediment)/(weight of dry matter in the gel)  ×100

Paste Clarity
The samples paste clarity and stability were 
evaluated at 4°C after 24, 48 and 72 hours of storage 
period (Bello-Perez, Roger, Baud and Colonna, 
1998).25 For the preparation of the sample paste, 
0.2 g of sample was suspended in 5.0 mL water in 
a screw cap test tube and heated in a boiling water 
bath for 30 minutes. After every 5 minutes, the test 
tubes were vigorously shook. Using a double beam 
spectrophotometer (Specord 205, Analytikjena, 
Germany), % transmittance was measured at 
650 nm when contents were reached at room 
temperature.

Water Absorption Capacity (WAC)
The WAC of the sample was evaluated by following 
the method developed by Fontes et al., 2017 with 
slight modification.26 1.0 g of sample was transferred 
into a 50 mL centrifuge tube and add 40.0 mL of 
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distilled water followed by shaking for an hour, the 
resulting slurry was centrifuged at 2200 rpm for 15 
minutes. Drained off the supernatant as much as 
possible with soft tissue paper. The amount of water 
absorbed was calculated in grams by 100 gm sample 
was determined. 

Oil Absorption Capacity (OAC)
Following the procedure described by Chagam, 
K.Retal.(2015), the oil absorption capacity was 
calculated.27 30.0 mL of fortified soybean oil was 
combined with 1.0 g of the sample, and the mixture 
was let to stand at RT for 30 minutes. For 10 minutes, 
the contents were centrifuged at 2000×g. The 
percentage of oil bound per gram of sample was 
used to express the oil absorption capacity.

Bulk Density
Bulk density was calculated following the procedure 
of Oladele and Aina, 2007 with slight modification.24 

A sample weight of 10.0 g was taken in a 50.0 mL 
graduated cylinder that was filled with gentle and 
uniform tapping. The sample was weighed after 
the cylinder was filled to the appropriate level. The 
formula used to get the bulk density was mass 
divided by volume, in grams per mililiter (gmL-1).

Bulk density= (Weigt of sample) / (Volume of sample 
after tapping) (g/mL)

ATR-FTIR Spectroscopy
The samples FTIR spectra were acquired at room 
temperature usingan FTIR equipment (Frontier, 
PerkinElmer, USA) between the wavenumber of 
4000-650 cm-1.

Starch X-ray Diffraction Analysis
The XRD pattern was established according to Jiang 
H et al. (2015).28 20g/100 g H2O (wet basis) starch 
sample was taken after water sorption in desiccators 
with saturated potassium sulfate solution. An X-ray 
diffractometer (Smart LAB, SE, Rigaku, Japan) was 
used to obtain the diffraction diagrams. Data was 
taken for the 2θ range of 10º to 80º and the generator 
settings was 30 mA, 40 kV. 

Morphological Analysis by Scanning Electron 
Microscopy
Starch samples were prepared for viewing in the 
SEM. A piece of double-sided scotch tape was 
affixed to the specimen tubes, and the samples 

were scattered onto it. The samples were attached 
to the specimen stubs by a spot of silver dag so that 
samples of the surface were exposed. All specimens 
were coated in a vacuum evaporator first with carbon 
and then with approximately 200 to 250 A of gold.
The samples were examined at 10kV in a scanning 
electron microscope (JSM-7610F, JEOL, USA) after 
being coated with carbon-gold.

Statistical Analysis
All experiments were triplicated, and statistics are 
presented as means and standard deviations. SPSS 
22.0 statistical software were used for statistical 
analyses. In addition, SigmaPlot 14.5 software was 
used to create graph in Figure 1, 2 and 3.

Results and Discussion
Physical characteristics of Banana Samples
Physical properties of banana varieties were 
analyzed to know the average length, breadth, 
weight and pulp/peel ratio. All the investigation was 
done in triplicate manner and values are used in 
average ± standard deviation. The obtained data 
are presented in the following Tab. 1. The length, 
breadth, weight, L/B and pulp/peel ratio was found 
16.98 cm, 5.10 cm, 149.21 g/unit, 3.3 and 1.94 for 
LB, whereas for BB2 these values were 12.3 cm, 
4.02 cm, 93.62 g/unit, 3.5 and 3.1 respectively. 
The weight difference among different sample is 
significant. The L/B ratio is almost same for the entire 
sample and the range is 3.1 to 3.3.

Table 1: Physical Characteristic Data of 
Banana

Test Local Banana BARI Banana  2
Parameter (LB) (BB2)

Length(cm) 16.98 ± 2.36 5.10 ± 0.87
Breadth (cm) 5.10 ± 0.87 4.02 ± 1.03
L/B 3.3± 0.53 3.1± 0.65
Pulp/Peel 1.94± 0.36 2.12± 0.29
Weight (g) 149.21 ± 4.22 93.62 ± 3.27

Values expressed are mean ± standard deviation 
of triplicates.

Micronutrient Analysis of the Raw Samples
The micronutrients (Na, K, Mg, Ca, Mn, Fe, Cu and 
Zn) content of the peeled banana was analyzed.  
The concentrations of the micronutrients were varied 
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slightly. The copper and manganese content was 
found almost same for both varieties of banana. 
The zinc level was found to be between 11.7 and 
13.2 mg/kg. The potassium was found higher in the 
LB than the BB2 but lower than the reported value 
for ripe banana.29 The second highest concentration 

was found for calcium. The Ca content in LB and 
BB2 was found to 176.29 mg/kg and 155.30 mg/
kg respectively. For Mg and Na content, there were 
also observed significant variation between LB and 
BB2 samples.

Table 2: Micronutrient Contents of Peeled Banana
 
Test Parameter (mg/kg) Local Banana (LB) BARI Banana 2 (BB2)

Iron (Fe) 19.14 ± 3.74 16.14±0.09
Zinc (Zn) 13.2 ± 4.35 11.7±0.06
Calcium (Ca) 176.29 ± 0.37 155.30 ±0.84
Magnesium (Mg) 104.18 ± 0.38 144.65 ±0.57
Manganese (Mn) 6.86 ± 0.05 6.83±0.12
Copper (Cu) 8.62 ± 0.09 8.22±0.04
Sodium (Na) 21.06 ± 0.08 28.79 ± 0.26
Potassium (K) 315.90 ± 2.17 296.91 ± 0.34
 
Values expressed are mean ± standard deviation of triplicates.

BB2 has the higher amount of Mg and Na than LB 
samples. Since, both of the banana varieties have 
considerable amount of micronutrients, sothe green 
banana can be used as a potential source for the 
Na, Mg, K, Ca, Mn, Fe, and Cu. All the data are 
presented in Table 2.
 
Proximate Analysis of the Raw Banana Flour and 
Isolated Starch Samples
The chemical composition data of peeled banana 
and banana starches collected from different sources 
is tabulated in Tab. 3. The moisture content of peeled 
oven dry LB and BB2 powder samples were almost 

same and ranged between 10.49-10.79% and this 
is because the temperature and time for drying 
was same for all the samples. The ash, protein and 
crude fiber content value were almost close to all 
verities and ranged from 2.79-3.04%, 3.62-3.98% 
and 4.14-5.12% respectively for LB and BB2. But, 
slightly higher amount of ash, protein and crude 
fiber was found in BB2 than LB. The starch content 
between these two samples can be ranked as LB> 
BB2. The carbohydrate contents of all samples were 
about 80%, whereas the fat contents were ranged 
from 1.03-1.56%.

Table 3: Proximate Composition Analysis of Peeled 
Oven Dry Banana and Banana Starch

 
Test Parameter (g/100 g db) LB BB2 LBS BB2S

Moisture 10.49 ± 0.13 10.79 ± 0.54 9.21 ± 0.93 9.73 ± 0.85
Ash 2.79 ± 0.02 3.04 ±0.17 1.29 ± 0.04 1.26 ± 0.02
Starch 68.91 ± 0.21 65.43 ±0.73 88.23 ± 0.53 86.30 ± 1.13
Protein 3.62 ± 0.03 3.98 ± 0.04 0.62 ± 0.07 0.71 ± 0.03
Fat 1.03 ± 0.06 1.56 ± 0.08 0.76 ± 0.05 0.86 ± 0.01
Carbohydrate 80.96 ± 1.13 78.51 ± 0.95 90.32 ± 0.99 89.35 ± 1.02
Crude fiber 4.14 ± 0.16 5.12 ± 0.09 1.06 ± 0.03 0.98 ± 0.08
 
Values expressed are mean ± standard deviation of triplicates. 
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From Table3., LBS and BB2S were found almost same 
in moisture, ash, starch, protein, fat, carbohydrate 
and crude fiber contents. The moisture content of 
the extracted starches ranged between 9.21-9.73%. 
The ash content was found higher in LBS i.e. 1.29% 
whereas BB2S has1.26%ash, but all the ash content 
value of extracted starches was found lower than 
the raw powdered samples. This is because higher 
amount of minerals was present in raw banana flour. 
Also, this starch ash contents reflected the certain 
level of minerals might be present in the starches. 
Significant changes were observed between the 
protein content of extracted starches and raw 
powdered samples. The low ash and protein value 
of starches indicated the higher quality of starch and 
the extraction procedure was effective. The protein 
values were close to those reported i.e. 0.15% to 
0.42%.30 High protein might be affected the starch 
surface charge and rate of hydration, ultimately 

interfere the swelling and gelatinization properties of 
starch. So, protein content in starch directly related 
to the functional properties of starch. The starch 
content of LB (88.23%) showed higher to others 
varieties such as BB2S (86.30%). Considering the 
starch content, it can be said that the quality of 
extracted starch is very high. In a previous study, 
the starch content in banana starch was reported as 
90.08%.31 The carbohydrate and fiber contents were 
found almost same for both banana starches. The fat 
content was found higher in BB2S (0.86%) and lower 
in LBS (0.0.76%). Fats can affected the functionality 
of starch by forming helical structure with amylose 
and this way can hinder the swelling and decrease 
the paste clarity.32 Due to the extraction method of 
starch, cultivation area and botanical varieties, the 
chemical composition of all the samples were found 
different.  

Table 4: Blue Value, Amylose and RS Composition Data of Banana starches

Test Parameter Blue value Amylose (%) RS (%)

LBS 0.72 ± 0.045 28.26 ± 1.13 46.93 ± 0.85
BB2S 0.68 ± 0.036 25.93 ± 1.07 45.78 ± 0.11

Values expressed are mean ± standard deviation of triplicates

Blue Value, Amylose and Resistant Starch 
Content
The maxima of starch-iodine absorption spectra 
was recorded at 600 nm. Blue values were recorded 
0.72 and 0.68 respectively for LBS and BB2S. 
The amylose content of LBS and BB2S varied 
significantly with the values ranging from 28.26 % 
to 25.93 % respectively. Compared with the reported 
data, this investigation got the more amylose 
content in the studied samples. A research groups 
have found amylose content of banana starches 
in the range of 12% to 13%.33 Amylose impacts 
the functional qualities of starch, so the amylose 
level of a starch is a crucial factor. High amylose 
percentage can plays important role as a prebiotic, 
strengthen immunity, lower heart ailments, improve 
oral and neurological health’s.34 The application of 
starch in food, cosmetics, pharmaceutical and other 
industry depends on the amylose content of starch. 
High amylose containing starch has huge demand 
in industry as a gelling agent. But, the variation 
in amylose content can result from differences in 

source, harvesting season, growing environment 
and maturity of the analyte samples. Resistant starch 
content was found 46.93% and 45.78% respectively 
for LBS and BB2S. According to T.B. Tribess et al., 
resistant starch content of green banana flour was 
varied from 40.9% to 58.5% depending on the drying 
conditions.35 In another study, the resistant starch 
contents of the fruit seed and mung bean starches 
were reported in the range of 2.90% to 29.83%.36 

Resistant starch is crucial for supporting a healthy 
microbiome. Its feed the friendly bacteria reside in 
human gut. As a result, the good bacteria increase 
which lead to decreased levels of constipation, lower 
cholesterol levels and reduced the chance of gas 
pains.37 So, high resistant starch containing food is 
good for diet chart.
 
Water and Oil Absorption Capacity, Foaming 
Capacity, Foaming Stability and Bulk Density
WAC and OAC of the starch molecules represents 
the ability to associate with limited oil and water 
addition.38 High water absorption capacity indicates 
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the presence of highest amylose content. When 
amylose content is higher, water uptake will be 
higher; results will be loose compaction of amylose 
and amylopectin. In that case, due to intensive 
association of hydroxyl groups in between the 
starch chains, strong covalent and hydrogen bonds 
formation occur.39 Oil absorption capacity measures 
the emulsifying potentials of the starch. Low OAC 
indicates the presence of low level of protein in the 
starches. The OAC and WAC of starch are also 
dependent on the source of amylose/amylopectin 
content and extraction procedure. Between two 

starch samples, LBS showed 170.66 % whereas 
BB2S showed 165.84% WAC. The OAC was found 
132.63% and 168.12% respectively for LBS and 
BB2S. In culinary products like bread goods, where 
hydration is necessary to enhance the features of 
dough handling, starch with a high water absorption 
capacity is crucial.The absorption of oil enhances 
oral taste and retention because it provides food a 
soft texture and flavor.40 A starch with the appropriate 
oil absorption ability will also be needed for products 
like mayonnaise and dough for frying.41

Table 5: Water and Oil Absorption Capacity, Foaming Capacity,  
Foaming Stability and Bulk Density of LBS and BB2S

Test Parameter LBS BB2S

WAC (%) 170.66 ± 0.82 165.84 ± 0.56
OAC (%) 132.63 ± 1.81 168.12 ± 4.28
FC (%) 4.20 ± 0.42 4.06 ± 0.73
FS (%) 2.01 ± 0.32 3.27 ± 0.22
BD (g/mL) 0.91 ± 0.16 0.86 ± 0.21

Values expressed are mean ± standard deviation of triplicates; LBS = local 
banana starch, BB2S = BARI banana 2 starch, WAC = water absorption capacity, 
OAC = oil absorption capacity, FC = foaming capacity, FS = foaming stability, 
BD = bulk density

The foaming capacity of the starches was ranged 
from 4.06% to 4.20% whereas foaming stability 
were found 2.01% and 3.27% respectively for LBS 
and BB2S. FC depends on the amount of protein 
content present in the starch and the configuration 
of the protein molecules. The ductile protein structure 
lessening the surface tension of the water molecule 
as a result increases the foaming capacity. The FC 
of banana starch was reported 4.28% to 10.85% for 
three different verities.40 There was no significant 
difference among the bulk density value of starches. 
LB starch bulk density was slightly higher than the 
bulk density of BB2 starch. Since particle size and 
bulk densityare inversely proportional,so when 
particle size will increase, bulk density will decrease. 
For industrial application, bulk density should be low. 

Solubility (S) and Swelling Capacity (SC)
The majority of starchy food products have significant 
qualities that are influenced by swelling ability.The 
swelling power reveals the starch granules' ability 
to absorb water at high temperatures. Solubility and 

swelling ability can be influenced by several factors 
like starch particle size, amylose and amylopectin 
content and their ratio. Starch crystalline/amorphous 
property and their compositions (amylose/
amylopectin) molecular structure also affect their 
S and SC. 

The swelling power is typically low for starch 
granules with high amylose content, higher 
crystalline areas and strong covalent interactions 
in the crystalline regions. Primarily swelling is a 
property of amylopectin. The solubility and swelling 
power of banana starches were determined at 55°C, 
65°C, 75°C, 80°C, 85°C and 95°C. In this study,  
it was found that as the temperature rose, so did the 
SP and solubility. But, the behavior of the change 
was not same. In case of solubility, there were no 
significant change upto 65°C for all starch samples, 
but the sudden changed (sharp increased) occurred 
in between 65°C-85°C. The solubility of the banana 
starches was found similar characteristics with the 
increase of temperature.
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The swelling behavior of banana starches showed 
two-fold characteristics. BB2S started swelling at 
relatively higher temperature than the LBS. Their 
swelling capacity swiftly increased from 65°C to 85°C 
and then gradually climbed till it reached 95°C. The 
swelling behavior data followed the same trends 
as reported by Hasmadi M. group.42 High swelling 
power is a crucial prerequisite for high-quality starch.

Paste Clarity
The samples paste clarity was determined after 
every 24 hours storage in refrigerator at 40C and 
observation continued for three days. All the samples 
paste clarity data followed the same trend i.e. the 
clarity of the solution were decreased with time. 
The transmittance value of the starches was ranged 
from 3.39% to 6.27%. Paste clarity data of banana 
starches are illustrated in Fig. 2. After one day’s 
observation, BB2S exhibited higher paste clarity 
than LBS. It is shown that, after 48 hours, maximum 
decreased (32.4%) was observed for LBS. Results 
also revealed that at the same concentration; LBS 
were less translucent than the BB2S. Degree of 
transmittance value can be affected by the degree of 
water absorption capacity, sucrose and lipid content. 
With the increase of water absorption, the paste 
clarity will increase.43 Paste clarity also varies with 
the difference in methods and concentrations. Since 
paste clarity contribute to the cloudiness and polish 
to product color, banana starches can have the 
potential application for food products that requires 
low transparency especially for sauces, puddings, 
seasonings and salads dressings.
 

Fig. 1: (a) Solubility and (b) swelling power of banana starches in function of the temperature
(a) (b)

Fig. 2: Paste clarity profile of banana starches

ATR-FTIR Analysis
The FTIR spectra were recorded in the range between 
4000-650 cm-1 and shown in the Fig.3.The hydrogen 
bonded O-H stretching vibrational broad absorption 
band was found ranging from 3293.01-3294.61 
cm-1 whereas sharp C-H stretching vibrational 
band associated with the hydrogen atoms of ring 
methane appeared at 2929.93 cm-1 and 2927.35 cm-1 
for the LBS and BB2S. The characteristic angular 
O-H bending vibration was found in the range of 
1636.20-1648.22 cm-1. Absorption band ranged 
from 1335-1340cm-1 attributed to the bent mode of 
C-C-H, C-O-H and O-C-H. The band appeared at 
1150.83 cm-1 and 1150.39 cm-1 is due to the anti-
symmetric stretching vibration of C-O-C glycosidic 
bond respectively for LBS and BB2S. Absorption 
band for the stretching vibration of C-O was found 
at 1176.22 cm-1 and 1176.81 cm-1. The strong O-H 
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stretching band at 998.29 cm-1 and 996.28 cm-1 
was found for anhydrous glucose units. The FTIR 
analysis data of both banana starch showed close 
results with the recently reported value for native 
banana starch.44

 

Morphological characteristic of Starch Granules
SEM analysis was performed on the starch to 
determine the granule shape and shown in the  
Fig 4. The magnification was used 500X and 450X 
respectively for LBS and BB2S. Both local banana 
and BARI banana 2 starch granules were found 
in regular elongated round ridges with smooth 
surface. The results showed that BB2S granules 
were larger than the LBS granules. The local 
banana starch granule length was in the range of 
11.3-4.3 µm, whereas width 5.8-3.2 µm. Length of 
BB2S granules varied from 12.4-4.8 µm, and width 
ranged from 6.0-2.4 µm. Additionally, in BB2S was 
found few spherical particles with diameter ranged 
from 9.6-3.6 µm. 
 
Previous study reported that starch granule size 
has been affecting the physiochemical properties 
of starch like swelling power and viscosity.45 
Smaller granules have a positive impact on 
digestibility since they have a larger surface area 
and are easier for enzymes to digest.46 Several 
other factors also responsible for starch granule 
variation i.e. agronomic factors, climatic conditions 
and processing.

X-ray diffraction 
The presence and properties of crystalline structures 
in starch granules were determined using the XRD.47 
The X-ray diffraction spectra of the banana starch 
samples are shown in Figure 5. Based on the 
characteristics X-ray diffraction line, native starch 
crystal structure can be classified into four different 
patterns: A-type, B-type, C-type and V-type.48 With 
characteristic peaks at around 15°, 17°, 18° and 23° 
2θ value, an A-type diffraction pattern is typical of 
grain starches, but tuber starches typically exhibit a 
B-type pattern with peaks at roughly 5.8°, 15° 2θ, 
and a single, strongest peak at 17°, and two minor 
peaks at around 23° and 24°. The usual X-ray 
diffraction pattern for pea starches is a C-type, 
which is a combination of A- and B-type patterns.49 

LBS and BB2S had the B-type crystal pattern with 
strong reflection peak of 2θ at 15.1°, 17.1° and 23.0° 
where the peak appeared at 17.1° had the highest 
intensity which confirm the B-type crystal pattern. A 
less intense peak was also appeared at 34.0°. The 
d-spacing value for BB2S was found in the range 
of 3.87 Á to 5.89 Á whereas 2.63 Á to 5.86 Á was 
found for LBS. 
 

Fig. 3: FTIR spectra of banana starches

Fig. 4: Scanning electron microscopic (SEM) 
images
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The starch crystallinity can be affected by the amylose 
content, average chain length of amylopectin and 
double helices orientation within the crystals.50 

C-type starch crystallinity did not follow any 
pattern, but B-type starch crystallinity decreased 
with increasing amylose level. The crystallinity of 
A-type starches was unaffected by the amylose 
concentration.51

chemical and functional properties with each others. 
It was found that both of the extracted starch showed 
the same morphological and crystalline properties, 
but slightly different functional properties. Smaller 
granules also have a positive impact on digestibility 
since they have a larger surface area and are easier 
for enzymes to digest. So, banana starch with small 
particle size can be used in infant food preparations.
Resistant starch data revealed that both of the 
varieties can be used as an efficient source for 
RS extraction. High resistant starch contining food 
products are advantageous for consumers' health 
and intestinal function. To become a good quality 
starch, swelling power is a crucial prerequisite 
and this parameter should be high. Based on the 
physico-chemical and functional properties, these 
finding reveals that both of the starches can be used 
as a thickener, stabilizer, emulsifier and de-foaming 
agents in various food (confectionery, sauces, edible 
films etc.), pharmaceutical (excipient, tablet/capsule 
disintegrant, binder etc.) and paper industry.
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Conclusion
Banana starches were isolated from two varieties 
and were characterized to compare their physico-
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