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Appendix 1T

Questionnaire - KAP study on Functional foods

Dear Participant,
As part of my PhD research study on the knowledge, attitudes, and practices regarding
functional foods and nutraceuticals, I kindly request you to answer the following questions.

Your participation will provide valuable insights and greatly contribute to the success of this

research. Please be assured that all personal details provided will remain confidential.

AN T e

Thank you for your time and support

Name

Area of residence

Age: 20- 25 years/ 26-40 years/ 41-50 years
Gender: Male/ Female

Occupation

Educational Qualification

a.
b.
c.

Higher Secondary
Graduation
Post-Graduation / Higher

7. Household Income per month

a.
b.
C.
d.

Below 30000

Rs 30000- Rs 50000
Rs 50000- Rs 100000
Above Rs 100000

8. Type of family: Joint / Nuclear

. Number of family members
10. Are you a?

a) Vegetarian b) Non-Vegetarian c) Others

11. Do your family members or yourselves suffer from any of the following health problems?

a. Diabetes Mellitus b. Cardiovascular problem c. Obesity d. Hypothyroidism
e. Kidney disease f. Others specify

12. Are you aware of the term functional foods/ nutraceuticals?

a.
b.

Yes, I am aware
No, I don’t know

13. What explanation best refers to functional foods?

a
b.
C.
d
e

Food with a specific benefit above the nutrients it naturally contains
Healthy foods

Artificial foods

Genetically modified foods

Don’t know

14. Which of the following foods are considered to be functional foods?
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Read the list of foods given below and tick yes or no for each food item

Pumpkin seeds
Yes/No Yes/No
Walnuts Yes/No | Legumes Yes/No
Basil seeds 4 Yes/No | Soy proteins Yes/No
Chia seeds Yes/No W’Ff)le grs .. Yes/No
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Flax seeds Yes/No | Citrus fruits Yes/No
Green leafy vegetables Yes/No | Broccoli, cabbage, cauliflower Yes/No
Berries Yes/No | Onion Yes/No
Apples Yes/No | Garlic Yes/No |
\l
f
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Turmeric Yes/No | Ginger Yes/No

Curd Yes/No | Black Pepper Yes/No

Dark chocolate Yes/No | Fish Yes/No

Grapes Yes/No | Green and black tea Yes/No
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Red wine Yes/No Raw bananas, Sweet Potato Yes/No

Don’t Know functional foods

15. What are the health benefits of functional foods?
a. Reduced risk of hypertension and heart disease
Reduced risk of Diabetes and Better blood sugar management
Reduced risk of obesity or weight gain
Cancer prevention
Better bone health
Immune boosting
Improved performance
Gain satisfaction
Maintain good health
j.  Don’t know
16. How did you get to know about functional foods or nutraceuticals?

e A

—

a. Dietitians

b. Physicians

c. Food labels

d. Newspapers, magazines and/or books
e. Family and/or friends

f. Advertisements

g. Internet

17. Do you think it’s important to add functional foods in our diet each day?
a. No

b. Not sure
c. Yes
18. How good do you think on health promoting and disease prevention role of functional foods?
a. Not good
b. Not sure
c. Good

19. How confident do you feel about the safety of functional foods and nutraceuticals?
a. Not confident
b. Ok/so-so
c. Confident
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20.

21.

22.

23.

24.

25.

Some people think, if used in excess, functional foods can be harmful to health. Do you agree
with it?

a. Agree

b. Not sure/ Neutral

c. Disagree

Are you willing to pay a higher price for functional foods as compared to conventional ones?
a. No

b. Not sure
c. Yes
Do you like the incorporation of functional ingredients in commonly consumed ready to eat

foods?

a. No

b. Neutral

c. Yes

Are you likely to compromise on the taste of food for the sake of health?

a. No

b. Yes

I would like to ask you about particular foods you may eat on their own or as part of a dish.
Yesterday, during the day and night, did you consume any of the following foods?
Read the list of foods given below and tick yes or no for each food item.

Juices with added vitamins and minerals: Yes / No

Probiotic yoghurt: Yes / No

Probiotic fruit juices: Yes / No

High fibre cereals with Psyllium /Oat bran: Yes / No

High fibre biscuits/ cookies: Yes / No

Fortified milk: Yes / No

Low fat cheese/margarine/ butter: Yes / No

R

Low salt products: Yes / No
Green tea: Yes / No
Snack bar with added fibre: Yes / No
Energy drinks with sugar replacers: Yes / No
Beverages with herbal blends: Yes / No
. Wheat/ milletbased noodles, pasta: Yes / No
n. Sweets and chewing gums with sugar replacers: Yes / No

—

= Ll Sl

I would like to ask you about particular nutrient or dietary supplements you may you
consume usually or those which you consumed within last 7 days

Read the list of supplements given below and tick yes or no for each food item.
Garlic pills: Yes / No

Cod liver oil: Yes / No

Omega 3 fatty acids: Yes / No

Beta glucan: Yes / No

Creatinine: Yes / No

Carnitine: Yes / No

Lipoic acid: Yes / No

Calcium: Yes / No

Probiotics: Yes / No

R N

—
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26.

27.

j-  Inulin: Yes / No

k. Arabinogalactan: Yes / No

1. Arabinoxylan: Yes / No

m. Fructo oligosaccharides: Yes / No

n. Beta carotene capsules: Yes / No

0. Zinc/ Chromium: Yes / No

p. Isoflavones: Yes/No

q- Herbs like Echinacea / Fenugreek / Ginseng: Yes / No
Do you read the health claim / nutrient label of the food products before making a choice to
buy?

a. Yes

b. No

Indicate which nutrients, when mentioned in a nutrient content claim on a functional food
product, would increase your consumption of the product.
a. Salt/sodium
Dietary fibre
Omega-3 fatty acids
Low fat
Low calories
Any other, Specify
None of these foods

R ™o oo o
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e Y SIDDHA CENTRAL RESEARCH INSTITUTE

(Central Council for Research in Siddha, Chennai, Ministry of AYUSH, Government of India)

Anna Govt. Hospital Campus, Arumbakkam, Chennai — 600106,
E-mail: erisiddhaf gmail.com/stores.crisf@gmail.com/Phone: 044-26214925, 26214809, Web: latp://crisiddba.tn.nic.in

Form No. PCOGO002-ACF 24.05.2023

AUTHENTICATION CERTIFICATE FOR 529.15052301-02

Certified that the sample submitted by A. Haripriya. Rescarch Scholar, Avinashilingam

Institute for Home science and Higher Education for Women was identified as:

Code Botanical Name Tamil Name Part
MI15052301P Musa % paradisiaca L. Peyen Fruit
MI15052302P Musa = paradisiaca L. Monthan Fruit

MI15052301P MI15052302P
* WFO (2023): Musa *paradisiaca L. Published on the Internet: hit
DO00474656: Accessed on: 24 May 2023

www wordilossonline. orgftaxon/ wlo-

O L 1< L AT \“‘\’
Dr KN Swnil Kumar <)) Dr R Gumesan *
Research Officer/Sci-il and HOD Asst. Directoe-Biochemistry
Department of Pharmacognosy (Sci-liVIn-charge) '
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Relative ranking of flow by compressibility index and Hausner ratio* (Alam et al., 2023)

Flowability expected Hausner Ratio Carr Index

Excellent / Very Free Flow 1.00-1.11 <=10
Good / Free Flow 1.12-1.18 11-15
Fair 1.19-1.25 16-20
Passable 1.26 - 1.34 21-25
Poor Flow / Cohesive 1.35-1.45 26-31
Very Poor Flow / Very Cohesive 1.46 - 1.59 32-37
Approximatively no flow >=1.60 >= 38

Determination of Starch Composition

Determination of Total Starch

The total starch content in the formulated UBF samples was determined enzymatically
following the method of Goni et al. (1997). A 50 mg sample was dispersed in 6 mL of 2 M KOH and
homogenized for 30 minutes at room temperature. The resulting suspension was treated with 0.4 M
sodium acetate buffer (pH 4.75) and 60 uL of amyloglucosidase (A7095, Sigma-Aldrich) and
incubated at 60 °C for 45 minutes in a shaking water bath.

The starch content, expressed as glucose, was measured using the glucose oxidase-peroxidase (GOD
POD) kit. A conversion factor of 0.9 was applied to convert glucose to starch.

Determination of Resistant Starch

The resistant starch (RS) content was determined following AOAC (2000). In brief, 100 mg of
sample was pre-washed twice with 8 mL of 80% ethanol (v/v) and centrifuged at 4000xg for 15
minutes. The residue was then treated with 4 mL of tris-maleate/0.1 M NaOH buffer (pH 6)
containing 0.02% sodium azide, amyloglucosidase (4 U/mL, Sigma Aldrich® A 7255), a-amylase
(300 U/mL, Sigma Aldrich® A-3176), and pepsin (500 U/mL, Sigma Aldrich® P-7012).

The tubes were shaken, covered, and incubated at 37 °C for 16 hours with continuous stirring. Post-
incubation, 8 mL of 99% ethanol was added, and the tubes were shaken and centrifuged at 4000xg for
10 minutes. The ethanol rinse was repeated, and the resulting pellets were collected.

To suspend the pellet, 3 mL of 2 M KOH was added, and the mixture was stirred using a magnetic
stirrer (REMI 2MLH) for 20 minutes. Next, 10 mL of sodium acetate buffer—glacial acetic acid (1.2
M, pH 3.8) was added, and the stirring was stopped. Subsequently, 0.1 mL of amyloglucosidase (3200
U/mL in sodium acetate buffer, pH 4.75) was added, and the mixture was incubated in a water bath at
50 °C for 30 minutes under constant agitation.

After incubation, the mixture was diluted to 20 mL with distilled water and centrifuged at 4000xg for
10 minutes. The resistant starch content was quantified using the Glucose Oxidase/Peroxidase
(GOPOD) kit (Sigma Aldrich® GAGO-20), with D-glucose as the reference standard. The RS content
was expressed as g/100 g dry weight of GBF.
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Determination of amylose and amylopectin (Sadasivam and Manickam, 2008)

Amylose content was determined using a colorimetric method based on the adsorption of iodine
within the helical coils of amylose, forming a blue-colored complex. To perform the analysis, 100 mg
of the powdered sample was weighed and mixed with 1 mL ethanol and 10 mL of 1 N NaOH, then
heated in a boiling water bath for 10 minutes. The volume was made up to 100 mL. To 2.5 mL of the
extract, 20 mL of distilled water was added. Three drops of phenolphthalein indicator was added and
the solution was neutralized by adding 0.1 N HCI drop by drop until the pink color disappeared.
Subsequently, 1 mL of iodine reagent was added, and the volume was adjusted to 50 mL. The
absorbance of the resulting solution was measured at 590 nm. A standard curve was prepared using
varying concentrations (0.2, 0.4, 0.6, 0.8, and 1 mL) of the amylose standard solution, following the
same procedure as for the sample. A blank was prepared by diluting 1 mL of iodine reagent to 50 mL
with distilled water.

The amylose content was calculated using the standard graph, with the absorbance of 2.5 mL of the
test solution corresponding to a specific amount of amylose. The percentage of amylose was
determined using the formula:

Amylose (%) = % x 100

The amylopectin content was calculated by subtracting the amylose content from the total starch
content.

Appendix V
Estimation of Physico-Chemical Parameters and Nutrient Composition

Determination of Moisture Content- Hot Air Oven Method AOAC, 2005

A flat-bottom metallic dish was prepared by spreading a thin layer of finely divided asbestos, which
had been pre-dried in a hot air oven at 110 °C for one hour. The dish was then removed from the oven,
cooled in a desiccator, and weighed.

A 20 g sample was spread evenly over the asbestos layer in the dish. The sample was dried in the hot
air oven at 100 °C for 3-5 hours at atmospheric pressure, without a lid on the dish. After the drying
period, the lid was replaced, and the dish was reweighed.

The percentage of moisture content was calculated using the formula:

Weight of wet sample — Weight of dry sample
X

%Moisture (wt/wt) = 100

Weight of wet sample

Determination of Ash Content AOAC, 2005

The tare weight of three silica dishes (7—8 cm in diameter) was recorded. Approximately 5-10 g of the
sample was weighed into each dish. The dishes and their contents were ignited over a Bunsen burner
to begin the ashing process. Subsequently, the material was ashed at a temperature not exceeding 525
°C for 4-6 hours in a muffle furnace. After ashing, the dishes were cooled in a desiccator and
reweighed. The total ash content was calculated as the difference in weights before and after ashing
and expressed as a percentage of the sample's initial weight.
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Weight of ash

x 100
Weight of sample

%Ash Content =

Determination of pH , Titratable Acidity and TSS AOAC, 2005
Sample preparation

An 8% suspension of unripe banana flour (UBF) was prepared and stirred for approximately 5-7
minutes. The suspension was then allowed to stand for 30 minutes and filtered.

Titratable acidity and pH were assessed using methods 942.15 and 981.12, respectively. Total Soluble
Solids (TSS) were estimated using a hand-held Atago Refractometer (Salvador et al., 2007).

The pH of the filtrate was measured using a pH meter. The pH of the sample, indicating its acidity or
alkalinity, was determined using a calibrated pH meter, providing a direct measurement of hydrogen
ion concentration. Calibration was performed using standard buffer solutions of pH 7.00 and pH 4.00.
The pH electrode was rinsed with distilled water, immersed in the pH 7.00 buffer, and adjusted to read
7.00, followed by calibration with the pH 4.00 buffer. After rinsing, the calibration was verified with
both buffers. The pH electrode was rinsed, immersed in the sample, and the pH reading was recorded
after stabilization.

Titratable acidity represents the total acidity of a sample and is expressed as a percentage of
the predominant acid. It was determined by titrating the sample with a standardized sodium hydroxide
(NaOH) solution to a defined endpoint, indicated by a color change. A 0.1 N NaOH solution was
prepared by dissolving 4 g of sodium hydroxide in distilled water and diluting to 1 liter. A 1%
phenolphthalein indicator solution in ethanol was used to indicate the titration endpoint. To the
filtrate, 2-3 drops of phenolphthalein indicator were added. The sample was titrated with the
standardized 0.1 N NaOH solution until a faint pink color persisted for at least 30 seconds, marking
the endpoint. The volume of NaOH used was recorded, and the titratable acidity was calculated using
the formula:

Volume of NaOH (mL) x Normality of NaOH x Equivalent Weight of Acid x 100
Weight of Sample (g)

Titratable Acidity (%) =

Determination of Protein AOAC, 2005

The Kjeldahl method was used to determine the nitrogen content in the sample, which was converted
to protein using a standard conversion factor of 6.25. The analysis involved digestion, neutralization,
distillation, and titration. Approximately 0.5—1 g of the sample was weighed into a Kjeldahl digestion
flask, followed by the addition of 10—15 mL of concentrated sulfuric acid (H2SO4) and 0.5 g of a
catalyst mix containing potassium sulfate and copper sulfate. The flask was heated gently and then
boiled until the solution turned clear or light green, indicating complete digestion, which typically
required 1-2 hours.

After cooling, the digest was diluted with distilled water and transferred to a distillation unit. A 40%
sodium hydroxide (NaOH) solution was added to neutralize the acidic digest, liberating ammonia gas
(NHs), which was distilled into a flask containing 25 mL of 4% boric acid solution and a mixed
indicator. The trapped ammonia was then titrated with 0.1 N hydrochloric acid (HCIl) until the
endpoint was indicated in the auto-titration unit. The nitrogen content was calculated based on the
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volume of acid used during titration, and the protein content was derived using the conversion factor
6.25.

Determination of Fat AOAC, 2005

A pre-dried thimble was weighed. A vacuum oven-dried sample was placed into the thimble and
reweighed. A pre-dried extraction beaker was also weighed. The extraction thimble was inserted into a
glass holding tube and positioned into the apparatus condenser. Petroleum ether was added to the
extraction beaker, which was then placed on the apparatus heater. The sample was extracted for 4
hours. The heater was lowered, allowing the sample to cool. The extraction beaker was removed, left
to air dry overnight, and then dried at 100°C for 30 minutes. The beaker was cooled in a desiccator
and reweighed.

Weight of fat in sample = (beaker + fat) — beaker
% Fat on dry weight basis = (g of fat in sample)/(g of dried sample) X 100
Determination of Total Carbohydrates- Anthrone method (Sadasivam and Manickam, 2008).

Carbohydrates were hydrolyzed into simple sugars using dilute hydrochloric acid. In a hot acidic
medium, glucose was dehydrated to hydroxymethyl furfural, which formed a green-colored product
with anthrone, exhibiting an absorption maximum at 630 nm. A 100 mg sample was weighed into a
boiling tube and hydrolyzed in a boiling water bath for three hours with 5 mL of 2.5 N HCI, then
cooled to room temperature. The hydrolyzed solution was neutralized with solid sodium carbonate
until effervescence ceased, and the volume was made up to 100 mL before centrifugation. The
supernatant was collected, and 0.5 and 1 mL aliquots were taken for analysis. Standards were
prepared by taking 0, 0.2, 0.4, 0.6, 0.8, and 1 mL of the working standard, with the 0 mL tube serving
as the blank. The volume in all tubes, including sample tubes, was made up to 1 mL with distilled
water, followed by the addition of 4 mL anthrone reagent. The tubes were heated for eight minutes in
a boiling water bath, cooled rapidly, and the green to dark green color was read at 630 nm. A standard
graph was plotted with the concentration of the standard on the X-axis and absorbance on the Y-axis,
and the amount of carbohydrate in the sample tube was calculated from the graph.

Determination of Total Sugars- Phenol Sulphuric Assay (Sadasivam and Manickam, 2008).

In a hot acidic medium, glucose was dehydrated to hydroxymethyl furfural, forming a green-colored
product with phenol, which exhibited an absorption maximum at 490 nm. A 100 mg sample was
weighed, and the sugars were extracted twice with 5 mL of hot 80% ethanol. The supernatant was
collected and evaporated in a water bath at 80°C. The remaining sugars were dissolved by adding 10
mL of water. Aliquots of 0.1 or 0.2 mL were then pipetted into separate test tubes. Aliquots of the
glucose working standard (0.2, 0.4, 0.6, 0.8, and 1.0 mL) and sample solution (0.1 and 0.2 mL) were
pipetted into test tubes and adjusted to 1 mL with water, alongside a blank containing 1 mL of water.
1 mL of phenol solution and 5 mL of 96% sulphuric acid, was added to each tube followed by
thorough shaking. After 10 minutes, the tubes were shaken again and incubated in a water bath at 25—
30°C for 20 minutes. The color intensity was measured at 490 nm, and the total carbohydrate content
in the sample solution was calculated using the standard graph.
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Determination of Reducing Sugars- Nelson-Somogyi Method

The reducing sugars, when heated with alkaline copper tartrate, reduced copper from the cupric to the
cuprous state, resulting in the formation of cuprous oxide. Upon treatment with arsenomolybdic acid,
the cuprous oxide facilitated the reduction of molybdic acid to molybdenum blue. The intensity of the
blue color developed was compared against a set of standards using a colorimeter at 620 nm.

A 100 mg sample was weighed, and the sugars were extracted twice with 5 mL of hot 80% ethanol.
The supernatant was collected and evaporated on a water bath at 80°C. The residue sugars were
dissolved in 10 mL of water, and aliquots of 0.1 or 0.2 mL were pipetted into separate test tubes.
Aliquots of 0.2, 0.4, 0.6, 0.8, and 1.0 mL of the working glucose standard were pipetted into a series
of test tubes, and the volume in both sample and standard tubes was made up to 2 mL with distilled
water. A blank containing 2 mL distilled water was prepared separately. To each tube, 1 mL of alkaline
copper tartrate reagent was added, and the tubes were placed in boiling water for 10 minutes. After
cooling, 1 mL of arsenomolybdic acid reagent was added to each tube, and the volume was made up
to 10 mL with water. The absorbance of the blue color was measured at 620 nm after 10 minutes. The
amount of reducing sugars in the sample was calculated using a standard graph.

Determination of Dietary Fiber- Sigma Kit TDF-100A

1-gram samples (defatted) of each material were weighed into four tall-form beakers, ensuring sample
weights did not differ by more than 20 mg, and weights were recorded to 0.1 mg. To each beaker, 50
mL of pH 6.0 phosphate buffer was added, followed by 0.10 mL of a-amylase (Product Code A3306).
The mixtures were covered with aluminum foil and incubated in a boiling water bath, with gentle
agitation every 5 minutes. After the internal temperature of the beakers reached 95°C, the samples
were incubated for 15 minutes. The solutions were then allowed to cool to room temperature.

The pH of each solution was adjusted to 7.5 + 0.2 by adding 10 mL of 0.275 N NaOH, and the pH
was verified, adjusting further if necessary with NaOH or HCI. A 50 mg/mL solution of protease
(Product Code P3910) was prepared in phosphate buffer immediately before use. Then, 0.1 mL (5 mg
protease) was pipetted into each beaker. The beakers were again covered with aluminum foil and
placed in a 60°C water bath, incubating with continuous agitation for 30 minutes once the internal
temperature reached 60°C.

After incubation, the solutions were cooled to room temperature, and the pH was adjusted to between
4.0 and 4.6 by adding 10 mL of 0.325 M HCI to each beaker, with pH adjustments made as needed
using NaOH or HCI. Subsequently, 0.1 mL of amyloglucosidase (Product Code A9913) was added to
each beaker. Four volumes of 95% ethanol were then added to each beaker, and the solutions were left
to stand overnight at room temperature to allow complete precipitation.

For filtration, the beds of Celite in crucibles were wetted and redistributed using 78% ethanol. Gentle
suction was applied to draw the Celite onto the frit as an even mat. The precipitate and suspension
from each beaker were quantitatively transferred to their respective crucibles under gentle suction.
The residues were washed with three 20 mL portions of 78% ethanol, two 10 mL portions of 95%
ethanol, and two 10 mL portions of acetone. The crucibles containing the residues were dried
overnight in a 105°C air oven or a 70°C vacuum oven. After cooling in a desiccator, the crucibles
were weighed to the nearest 0.1 mg, and the weight was recorded as “Residue + Celite + Crucible
Weight” (W2). The residues from two samples and two blanks were analyzed for protein using
Kjeldahl nitrogen analysis, following AOAC procedures, with a factor of 6.25 used to convert
nitrogen to protein unless the nitrogen content was already known. The residues from the remaining
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two samples and blanks were ashed in the crucibles at 525°C for 5 hours. After cooling in a
desiccator, the weight was recorded as “Ash + Celite + Crucible Weight” (W3).

Residue Weight=W2-W1

Ash Weight=W3-W1

(Rsamprre — Psampre — Asampie)

TDF =
7 SW

x 100

e TDF = Total Dietary Fiber

e R = Average Residue Weight (mg)
e P = Average Protein Weight (mg)

e A = Average Ash Weight (mg)

e  SW = Average Sample Weight (mg)

Determination of Crude Fiber (Sadasivam and Manickam, 2008).

A 5 g defatted sample was weighed and boiled with 200 mL of 0.255 N sulfuric acid for 30 minutes.
The acid-digested residue was filtered through a muslin cloth and washed repeatedly with boiling
water until it was acid-free. The residue was then subjected to alkali digestion by boiling with 200 mL
of 0.313 N sodium hydroxide solution for 30 minutes. Following this, the alkali-digested residue was
filtered using a muslin cloth and washed three times with water and ethyl alcohol. The residue was
transferred to a pre-weighed crucible, dried in a hot air oven at 130°C for 2 hours, cooled, and
weighed.

Determination of Cellulose (Sadasivam and Manickam, 2008).

Cellulose was subjected to acetolysis using an acetic/nitric reagent, forming acetylated cellodextrins
that dissolved and hydrolyzed into glucose molecules upon treatment with 67% sulfuric acid. The
glucose molecules were dehydrated to hydroxymethyl furfural, which reacted with anthrone to
produce a green-colored product. To analyze cellulose, a known amount of the sample (0.5 g or 1 g)
was mixed with acetic/nitric reagent, vortexed, and heated in a water bath at 100°C for 30 minutes.
After cooling, the mixture was centrifuged, and the supernatant was discarded. The residue was
washed with distilled water and treated with 10 mL of 67% sulfuric acid, allowing it to stand for 1
hour. Subsequently, 1 mL of this solution was diluted to 100 mL, and 10 mL of anthrone reagent was
added to 1 mL of the diluted solution. The mixture was heated in a boiling water bath for 10 minutes,
cooled, and the absorbance was measured at 630 nm using a blank. A standard curve was generated by
treating 100 mg of pure cellulose similarly, using various volumes (0.4—2 mL, corresponding to 40—
200 pg of cellulose) to develop the color. The amount of cellulose in the sample was calculated by
comparing its absorbance to the standard curve.

Determination of Vitamin B6

Vitamin B6 was determined by EN 15652:2009 -HPLC method. Mobile Phase A was prepared by
dissolving 0.9611g of 1-Hexane sulfonic acid sodium in 10mL acetic acid, then making up the volume
to 1000mL with Type 1 water. Mobile Phase B was methanol (HPLC grade). For sample preparation,
2.0g of the sample was mixed with 25mL HPLC water, degassed in an ultrasonic bath for 30 minutes,
and centrifuged at 3000 rpm for 15 minutes. The supernatant was filtered through a 0.45 micron filter
and injected into the HPLC system, with a blank injection of Mobile Phase A.

Starch Characterization, Functional Properties, Prebiotic Potential of Unripe Banana Flours and
Development of Ready -to- Eat and Ready-to-Cook Products



Appendices

A standard stock solution was prepared by dissolving 0.1000g of Vitamin B6 in 100mL Type 1 water
(1000ppm). Working standard solutions (10ppm, 50ppm, and 100ppm) were made by diluting the
stock solution with Mobile Phase A.

The HPLC conditions included a C18 column, flow rate of 0.9 mL/min, UV detection at 360nm,
column temperature at 40°C £1°C, and 20uL injections. The run time was 20 minutes, with a gradient
elution using Mobile Phase A.

The blank, standard, and sample injections were carried out in the specified sequence, with six
replicate injections of the standard solution to ensure precision. The percentage relative standard
deviation (RSD) for the area of the standards was calculated, and the RSD should not exceed 5%.
Additionally, a bracketing standard solution was injected after every 10 sample injections to maintain
consistency and validate the system. The cumulative bracketing standard RSD should also be under
5%.

Finally, the analyte concentration in the sample was calculated using the formula:

Working std. soln. Conc. (mg/L) x Analyte peak area x Dilution x Purity of the std

Conc. L) =
onc. (mg/L) Working std. soln. peak area x 100

Determination of Vitamin C (Silva ef al., 1999)

A 100 g sample was blended with approximately 50 mL of distilled water and strained to separate the
liquid portion. The residue on the filter was washed with a small volume of distilled water to ensure a
complete transfer of soluble components. The filtrate was then made to a final volume of 100 mL in a
volumetric flask with distilled water.

One method to quantify vitamin C in food involves redox titration, which offers higher specificity
than acid-base titration due to the presence of other acids in juices that do not interfere with the
oxidation of ascorbic acid by iodine. Since iodine is relatively insoluble, its solubility is enhanced by
forming triiodide through complexation with iodide:

L+ oI
The triiodide then oxidizes vitamin C, converting it into dehydroascorbic acid as follows:
CsHsOs + Is~ + H20 — CsHsOs + 31~ + 2H*

As long as vitamin C is present in the solution, triiodide rapidly converts to iodide ions. When all the
vitamin C is oxidized, iodine and triiodide accumulate and react with starch to form a blue-black
complex. The appearance of this color marks the titration endpoint.

25 mL of vitamin C standard solution (1mg/ml) was taken in a Erlenmeyer flask and 10 drops of 1%
starch solution was added The burette was rinsed with a small volume of iodine solution and filled,
with the initial volume recorded. The sample was titrated with iodine solution until the endpoint was
reached, indicated by the appearance of a persistent blue color lasting more than 20 seconds upon
swirling. The final volume of the iodine solution was recorded, and the volume required was
calculated as the difference between the initial and final readings. Each titration was repeated until at
least three consistent measurements, agreeing within 0.1 mL, were obtained. The titration was
repeated with 25 ml of PUBF and MUBF extracts. The amount of titrant required for the standard was
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determined. If an average of 10 mL of iodine solution was needed to react with 0.250 grams of
vitamin C, the vitamin C content in the sample was calculated accordingly.

Determination of calcium (Ranganna, 1997)

Calcium content in the sample was estimated by precipitating calcium as calcium oxalate, dissolving
the precipitate in dilute sulfuric acid, and titrating with standardized potassium permanganate
(KMnOs.) solution. The procedure involved pipetting 2 mL of the mineral solution into two centrifuge
tubes, followed by the addition of methyl red indicator. Ammonia was added until the solution turned
light yellow, indicating alkalinity, and acetic acid was added to achieve a salmon pink color, suitable
for calcium precipitation.

Ammonium oxalate solution (1 mL) was added, and the tubes were left overnight for complete
precipitation. The following day, the tubes were centrifuged at 2000 rpm, and the supernatant was
discarded. The precipitate was washed by adding 4 mL of ammonia, followed by repeated
centrifugation. After washing, 2 mL of sulfuric acid was added to dissolve the precipitate, and the
tubes were heated in a water bath. The hot solution was titrated with standardized 0.01N potassium
permanganate. The endpoint was a persistent pink color lasting at least one minute.

Calcium content was calculated using the formula:

Titre x Normality of KMnO, x Total Volume of Ash Solution x 100

Calci 100g) =
alcium (mg/100g) Volume of Ash Solution Taken for Estimation x Weight of Sample for Ashing

Determination of phosphorus (Ranganna, 1997)

Phosphate ion (PO4+*") reacted with molybdic acid (H2M0O4) to form phosphomolybdate, a complex
ion [PMo01204]*". The phosphomolybdate, upon reduction, formed another complex -called
molybdenum blue, which was measured colorimetrically. 20 mg of potassium dihydrogen phosphate
was dissolved in 100 mL of water, yielding a phosphate standard solution with a 0.2 mg/mL
concentration. Nine standard tubes were prepared, each containing 0.5 mL of molybdate solution, 0.2
mL of reducing solution, and x mL of phosphate stock solution plus y mL of distilled water, where x +
y =93 mL. A blank solution was prepared by mixing 0.5 mL of molybdate solution, 0.2 mL of
reducing solution, and 9.3 mL of water. The wavelength of the colorimeter was set to 660 nm, the
reading was adjusted to zero with the blank solution and the absorbance was recorded. A graph of
absorbance versus phosphate concentration in the standard solutions was plotted to obtain a calibrated
curve. The amount of phosphate in the test solution was determined from the standard curve.

mg of P in aliquot of ash solution x Total volume of ash solution x 100
Phosphorus (mg per 100 g) =

mL of ash solution taken for estimation x Weight of sample taken for ashing

Determination of iron (Ranganna, 1997)

The iron content in food was determined by converting iron in the food sample to ferric form using an
oxidising agent like potassium persulphate. The oxidised product was treated with potassium
thiocyanate to form the red ferric thiocyanate, which was measured colorimetrically at 480 nm. The
1.5, 2.0, and 2.5 ml of the standard solution (0.1 mg of ferric iron per ml ) were pipetted into test
tubes. 0.5 ml of concentrated HSO, 1 ml of potassium persulphate, and 2 ml of potassium thiocyanate
were added, and the volume was made up to 15 ml. The colour was measured as early as possible. The

Starch Characterization, Functional Properties, Prebiotic Potential of Unripe Banana Flours and
Development of Ready -to- Eat and Ready-to-Cook Products



Appendices

absorbance was plotted against concentration. The concentration of iron in the aliquot of the sample
was then read directly from the calibration curve.

Determination of potassium (999.19 AOAC method ICP-OES)

Test portions were dried and then ashed at 450 °C with a gradual temperature increase of about 50
°C/hr. Alternatively, wet ashing was performed by directly adding concentrated nitric acid to the
sample, followed by evaporation to dryness. The residue was dissolved in HNOs, and analytes were
determined by ICP-OES. The apparatus used included an ICP-OES, a muffle furnace with a
thermostat, and a hot plate. The reagents and chemicals used were concentrated nitric acid, dilute
nitric acid (2:98), hydrogen peroxide (30%), reference standards (ICP multi-element standard
traceable to NIST), and intermediate standard solutions prepared by diluting 10 mL of the CRM
(Certified Reference Material)1000 ppm standard solution into 100 mL with reagent water, adding 0.5
mL of nitric acid, and making up to 100 mL in a standard flask (1 mL = 0.1 mg).

For sample preparation, 0.5-1.0 g of a well-homogenized sample was accurately weighed into
a clean silica dish, dried at 110 °C, and then transferred to a muffle furnace where the temperature was
slowly increased to 550 °C. The contents were ashed for about 3 hours until the ash turned white or
brownish-red. The sides of the dish were washed down with water, and 7 mL of HNOs were added
and mixed well. The sample was dried on a hot plate, and the nitric acid treatment was repeated in 1
mL increments until a white/brownish-red, carbon-free ash was obtained. The solution was then made
up to 25 mL with 2% HNO:; reagent water.

For the preparation of the standard curve, a reagent blank and a series of 100 mL standards
containing 0.1, 1.0, and 10.0 mg/L of the standard solution were prepared by diluting a suitable
volume of the standard solution with dilute nitric acid. The solution was aspirated, the emission
spectra were measured, and a standard calibration graph was constructed by plotting intensity versus
metal concentration. Results were expressed as mg/100 g.

Calculate the concentration (7 of the metal in the test sample according to the formula:

_(A-Byxv

1
i 0

Mineral content (C)

Where:
* {is the concentration of metal/mineral in the test sample
s A is the concentration in the test solution (mg/L)
s B s the concentration in the blank solution {mg/L)
sV is the volume makeup of the test solution

s M is the weight of the sample for analysis in grams
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Appendix VI
Qualitative Analysis of Phytonutrients
(Sorescu et al., 2018, Kancherla et al., 2019, Shaikh & Patil, 2020)
Tests for alkaloids

Dragendorft ’s test. By adding 1 mL of Dragendorff’s reagent to 2 mL of extract, an orange red
precipitate was formed, indicating the presence of alkaloids.

Mayer’s test. Few drops of Mayer’s reagent were added to 1 mL of extract. A yellowish or white
precipitate was formed, indicating the presence of alkaloids.

Tests for flavonoids

Alkaline reagent test. Two to three drops of sodium hydroxide were added to 2 mL of extract. Initially,
a deep yellow colour appeared but it gradually became colourless by adding few drops of dilute HCL,
indicating that flavonoids were present.

Shinod’s test. Ten drops of dilute HCL and a piece of magnesium were added to 1 mL of extract, the
resulting deep pink colour indicating the presence of flavonoids.

Lead Acetate: To a small quantity of the extract, lead acetate solution was added. The formation of
yellow precipitate indicated the presence of flavonoids.

Test for steroids

Liebermann-Burchard’s test: The amount of 0.5 g of the extract was dissolved in 10 mL anhydrous
chloroform and filtered. The solution was divided into two equal portions for the following tests. The
first portion of the solution above was mixed with one ml of acetic anhydride followed by the addition
of 1 mL of concentrated sulphuric acid down the side of the test tube to form a layer underneath. The
test tube was observed for green colouration as indicative of steroids.

Test for phenolic compounds and tannins

Ferric chloride test. 2mL of 5% neutral ferric chloride solution was added to 1 mL of extract, the dark
blue coloring indicated the presence of phenolic compounds and tannins.

Gelatin Test: Two ml of extract was added to 2 ml of a 1% gelatin solution containing NaCl. The
formation of a white precipitate indicated the presence of tannins and phenolic components.

Ellagic Acid Test: The plant extract aqueous solution was mixed with 5% glacial acetic acid and 5%
sodium nitrite solution. The solution turned muddy, and a Niger brown precipitate was formed,
indicating the presence of phenolic compounds.

Braymer’s Test: One ml of extract was mixed with 3 ml of distilled water and 3 drops of 10% ferric
chloride solution. A blue-green color appeared, indicating the presence of tannins.

10% NaOH Test: A 0.4 ml plant extract was mixed with 4 ml of 10% NaOH and shaken well. The
formation of an emulsion indicated the presence of hydrolysable tannins.

Tests for Quinone
To the 2 ml of extract, concentrated H2SO4 was added and shaken well for 5 minutes. A red color
appeared, indicating the presence of quinone.
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Alcoholic KOH Test: One ml of plant extract was mixed with a few ml of alcoholic potassium
hydroxide. A red to blue color change indicated the presence of quinones.

Tests for cardiac glycosides

Keller Killiani test. A solution of 0.5 mL containing glacial acetic acid and 2-3 drops of ferric
chloride, was mixed with 2 mL of extract. Later, 1 mL of concentrated H2SO4, was added along the
walls of the test tube. The appearance of deep blue colour at the junction of two liquids indicated the
presence of cardiac glycosides.

Baljet Test: Two ml of extract was mixed with a drop of Baljet’s reagent. The appearance of a yellow-
orange color indicated the presence of glycosides.

Bromine Water Test: The UBF extract was mixed with a few ml of bromine water. The formation of a
yellow precipitate indicated the presence of cardiac glycosides.

Tests for glycosides

Borntrager’s Test: To 3 ml of the extract, dilute HSO was added. The solution was then boiled and
filtered. The filtrate was cooled, and an equal volume of benzene was added. The solution was shaken
well, and the organic layer was separated. An equal volume of dilute ammonia solution was added to
the organic layer. The ammonia layer turned pink, indicating the presence of glycosides.

Test for Saponins

Foam Test: To 1 ml of the extract, 20 ml of distilled water were added and shaken well in a measuring
cylinder for 15 minutes. A 1 cm layer of foam was formed.

Test for coumarins

3 ml of 10 % sodium hydroxide (NaOH) was mixed with 2 ml of crude extract, appearance of yellow
color depicts the presence of coumarins

Test for Lignin

Labat Test: The extract was mixed with gallic acid. The appearance of an olive green color indicated
the presence of lignin.

Detection of Anthraquinones

Borntrager’s Test: Ten ml of 10% ammonia solution was added to a few ml of filtrate and shaken
vigorously for 30 seconds. The appearance of a pink, violet, or red-colored solution indicated the
presence of anthraquinones.

Detection of Terpenoids

Two ml of chloroform was added to 5 ml of plant extract and evaporated on a water bath. Then, 3 ml
of concentrated H,SO4 was added and boiled on a water bath. The formation of a grey-colored
solution indicated the presence of terpenoids.

Volatile Oil- Fluorescence Test
Ten ml of extract was filtered until saturation and exposed to UV light. Bright pinkish fluorescence
indicated the presence of volatile oils.

Quantitative Analysis of Phytonutrients
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Determination of Total Phenolic Content (Singleton & Slinkard, 1977)

The total phenolic content of the dry extracts was determined using the Folin-Ciocalteu assay. A one
mL sample (1 mg/mL) was mixed with 1 mL of Folin-Ciocalteu's phenol reagent. After 5 minutes, 10
mL of 7% sodium carbonate solution was added, followed by 13 mL of deionized distilled water, and
the mixture was thoroughly mixed. The mixture was then kept in the dark for 90 minutes at 23 °C,
after which the absorbance was measured at 760 nm. The total phenolic content was calculated by
extrapolating from a calibration curve prepared with gallic acid solution. The estimation of phenolic
compounds was conducted in triplicate. The TPC was expressed as milligrams of gallic acid
equivalents (GAE) per gram of dried sample.

Determination of Tannin Content (Sadasivam and Manickam, 2008)

The tannin content was determined using the Folin-Ciocalteu method. A 0.1 mL sample extract was
added to a 10 mL volumetric flask containing 7.5 mL of distilled water, 0.5 mL of Folin-Ciocalteu
phenol reagent, and 1 mL of 35% sodium carbonate solution. The volume was adjusted to 10 mL with
distilled water. The mixture was shaken well and kept at room temperature for 30 minutes. A set of
reference standard solutions of tannic acid (20, 40, 60, 80, and 100 pg/mL) was prepared in the same
manner. The absorbance of the test and standard solutions was measured against a blank at 700 nm
using a UV-Visible spectrophotometer. The estimation of tannin content was conducted in triplicate.
The tannin content was expressed as milligrams of tannic acid equivalents per gram of dried sample.
Determination of Total Flavonoid Content (Alothman et al., 2009).)

The total flavonoid content was measured using the aluminum chloride colorimetric assay. A reaction
mixture consisting of 0.1 g of powdered sample and 4 mL of distilled water was prepared in a 10 mL
volumetric flask. After 5 minutes, 0.3 mL of 5% sodium nitrite solution was added, followed by 0.3
mL of 10% aluminum chloride solution. After another 5 minutes, 2 mL of 1 M sodium hydroxide
solution was added, and the volume was adjusted to 10 mL with distilled water. A set of reference
standard solutions of quercetin (20, 40, 60, 80, and 100 pg/mL) was prepared in the same manner. The
absorbance of the test and standard solutions was measured against a reagent blank at 510 nm using a
UV-Visible spectrophotometer. The total flavonoid content was expressed as milligrams of quercetin
equivalents (QE) per gram.

Determination of Phytic acid (Davies and Reid, 1979)

Ten milliliters of 0.5 M HNOs was added to 0.5 g of finely PUBF and MUBF samples and stirred on a
magnetic stirrer for 3 hours. Two replicates were prepared for each sample. The mixture was then
filtered through Whatman No. 1 filter paper to obtain the extract.

From each replicate, two technical replicates of 0.2 mL were taken separately. To each 0.2 mL extract,
0.2 mL of ferric ammonium sulphate working solution was added in a centrifuge tube. The tubes were
placed in a boiling water bath for 20 minutes. After cooling, 1 mL of isoamyl alcohol was added,
followed by 0.02 mL of ammonium thiocyanate solution (5 g/50 mL) to induce the color reaction. The
tubes were then centrifuged at 3000 rpm for 10 minutes. The supernatant was collected and the color
was measured at 465 nm. A series of standards were run alongside each analysis. The standard
solution was prepared by dissolving 30.54 mg of sodium phytate in 100 mL of 0.5 N nitric acid.

Methods of Antioxidant Analysis

DPPH Free Radical Scavenging Activity Assay- Carciochiet al.(2014)
1 mL of 0.1 mM DPPH in methanol was mixed with different volumes of UBF extract samples
diluted with aqueous methanol at different concentrations. The control was prepared by mixing 1 mL
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of DPPH solution with methanol. After incubation at room temperature in dark for 30 min, the
absorbance was measured at 517 nm using spectrophotometer. Ascorbic acid was used as the
standard. The percentage of scavenging activity of each extract on DPPH radical was calculated as
%inhibition of DPPH (1%) using the following equation:

Ao — As

1% = X 100

where Ao is the absorption of control and As is the absorption of the tested extract solution

ABTS Free Radical Scavenging Activity Assay (Re et al.,1999).

The ABTS assay uses ABTS radicals pre-formed by oxidation of ABTS with potassium persulphate.
The ABTSe+ stock (aqueous) solution was prepared by reacting 7 mM ABTS with 2.45 mM
potassium persulfate in equal quantities and the mixture was allowed to stand in the dark for 12-16 h
at room temperature. The working solution of ABTSe+ was prepared by diluting the stock solution in
methanol to give an absorbance of 0.704+0.02 at 734 nm. 2.0 mL of ABTSe+ working solution was
mixed with 1 mL of sample extracts of different concentrations. The control was prepared by mixing
2.0 mL of ABTSe+ solution with 1 mL of methanol. Ascorbic acid was used as the standard. The
mixture was incubated for 10 min keeping in the dark at room temperature and the absorbance was
measured at 734 nm using spectrophotometer. The percentage of scavenging activity was calculated
as % inhibition (1%) using the following equation:

Ao — As

1% = X 100

where Ao is the absorption of control and As is the absorption of the tested extract solution

Ferric Reducing Antioxidant Power (FRAP) Assay- Benzie and Strain (1996)

The ferric reducing capacity of the extracts was investigated using the potassium ferricyanide-ferric
chloride method . Briefly, 0.2 mL of each extract at different concentrations, 2.5 mL of phosphate
buffer (0.2 M, pH 6.6), and 2.5 mL of 1% potassium ferricyanide KsFe (CN)s were mixed and
incubated at 50°C for 20 minutes to reduce ferricyanide to ferrocyanide. The reaction was stopped by
adding 2.5 mL of 10% (w/v) trichloroacetic acid, followed by centrifugation at 1000 rpm for 10
minutes. Finally, 2.5 mL of the upper layer was mixed with 2.5 mL of distilled water and 0.5 mL of
FeCls (0.1%), and the absorbance was measured at 700 nm. Results were expressed in mg of ascorbic
acid equivalents (AAE) /100 g.

Antimicrobial Activity- Agar well diffusion method (Balouiri et al., 2016).

Mueller Hinton Agar plates were prepared and inoculated with 200 microliters of a 0.5 MacFarland
standard of E. coli MTCC 452/ Staphylococcus aureus (MTCC 096) in 20 ml of media. Wells of 5
mm diameter were created in the agar, and PUBF and MUBF methanolic extracts (250mg/ ml) of
different concentrations (20uL,40uL,60ulL,80 pL,100 uL) were placed in the well. The plates were
incubated at 37°C for 24 hours, after which the zones of inhibition were measured to evaluate the
antimicrobial efficacy.
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Appendix VII
In vitro digestibility of starch and predicted GI

A method by Goni et al. (1997) was used to measure the rate of starch hydrolysis. A starch sample (50
mg) was transferred into a tube containing 10 mL of HCI-KCI buffer (pH 1.5) and 0.2 mL (20 mg) of
pepsin in HCI-KCI buffer. The tubes were then incubated at 40 °C for 1 hour in a shaking water bath.

The incubated solution was made up to 25 mL with Tris-Maleate buffer (pH 6.9), and 5 mL of PPA (a-
amylase from Porcine Pancreas) (3.3 IU) in Tris-Maleate buffer (pH 6.9) was added. The samples
were then placed in a shaking water bath and incubated at 37 °C for 3 hours. An aliquot of 1 mL was
taken at various intervals (0.5, 1.0, 1.5, 2.0, 2.5, and 3 hours) and heated at 100 °C to deactivate the
enzyme.

To this aliquot, 3 mL of sodium acetate buffer (0.4 M, pH 4.75) and 60 pL of AMG (amylo-
glucosidase from Aspergillus niger) were added to hydrolyze the residual starch at 60 °C for 45
minutes. After centrifugation (4500g, 15 minutes), the glucose content was measured using a glucose
assay kit. The digestible starch was calculated using the equation:

Gy x30x0.9

Starch hydrolysis (%) = 0 < 100

where Gt is the glucose content produced at time t (h). A conversion factor of 0.9 was used to convert

the molar mass from glucose to the starch monomer unit.

The digestibility curve of starch follows a first-order equation:

Ci=0Ca(l—e™)

Ct = quantity of starch hydrolyzed at time t
Coo = quantity of starch hydrolyzed at the endpoint of the reaction
k = digestibility rate constant or first-order rate constant, which was calculated by the equation

k = (In(Ct/C))/(- 1))

(<L)

k: Coo

-t

Where t time taken for digesting the starch in minutes

C.
AUC = Coo (17 —10) —(T’J[l —exp—k(ty —10)

The area under the curve (AUC) represents the area under the fitted curve, where to and trdenote the
initial and final hydrolysis times, respectively, and t is the duration of the in vitro digestibility kinetics
(in minutes).
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Hydrolysis Index (HI)

The hydrolysis index (HI) was calculated as the ratio of the area under the hydrolysis curve (AUC) for
the test sample to the area under the hydrolysis curve for the reference sample (white bread). This can
be expressed as:

AU Ct.est sample

HI =
AUCbrcad

The estimated glycemic index (eGI) was calculated using an equation given by Goni et al.

eGI =39.71 + 0.549HI
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Appendix VIII

Sensory Evaluation Sheet

Please evaluate the following samples based on the attributes listed below. Use the scale provided to

indicate your preference.
Hedonic Scale:

1 - Dislike Extremely

2 - Dislike Very Much

3 - Dislike Moderately

4 - Dislike Slightly

5 - Neither Like nor Dislike
6 - Like Slightly

7 - Like Moderately

8 - Like Very Much

9 - Like Extremely

Product | Appearance | Taste Texture | Flavor
Code

Mouth
Feel

After
Taste

Overall
Acceptability
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Appendix IX
Physical Characteristics of Cookies
Weight, Diameter, Thickness, Spread ratio Ahmed et al (2018)

The weight of cookies were determined using an electronic balance. The dimensions of the cookies,
specifically the thickness (the distance between the top and bottom surfaces) and width (the distance
across the cookie), were determined with a Vernier caliper. The spread ratio of the baked cookies was
calculated as the ratio of width( diameter) to thickness.

Diameter

d Ratio = ————
Spread Ratio Thickness

Bulk density was determined by the method of Ahmed et al (2018). 50 g of cookies sample was put
into a 100 ml measuring cylinder. The cylinder was tapped several times on a laboratory bench to a
constant volume. The volume of sample was recorded and bulk density was calculated using the
following equation

) Weight of the sample
Bulk density (g/cm3) =

Volume of the sample after tapping
Physical properties of Muffins

Muffin height was measured as the vertical distance from the bottom to the top of the muffin center
using vernier calipers The weight (g) of the muffins was weighed by using a weighing balance. The
height (cm) of the muffins was measured by using a ruler on three different sides. The volume of the
muffins were measured according to the standard AACC Method 10-05.01:1998. The principle of the
method is based on the displacement of rapeseed by the bread. Volume of displaced rapeseed
represents the volume of the muffin and was measured using a 1000 mL graduated cylinder. The
muffin sample was placed in a measuring cylinder. The measuring cylinder was filled with rapeseed to
the maximum line. The volume of the rapeseed after removing the muffin sample was measured. The
volume of the muffin was calculated by subtracting the volume of rapeseed from the volume of the
measuring cylinder. The specific volume was calculated by dividing the muffin volume by the muffin
weight.

The bulk density (g/) of the sample was calculated by dividing the weights (g) of the sample by the
volume (g/). (AACC 2000 Method).

Cooking properties of Noodles and Pasta
Cooking time:

Noodles/ Pasta (10 g) were cooked in 200 ml of boiling distilled water in a 250 ml beaker. Noodles
were cooked until the disappearance of the white core, as judged by squeezing between two glass
slides (Yadav et al., 2014).

Cooked weight:

The cooked weight of noodles/ Pasta was determined as described by Galvez and Resurreccion (1992)
with minor modifications. Noodles/ Pasta (10 g) were soaked in 300 ml water for 5 min and then
cooked in a water bath for 5 min. The beaker was covered with aluminum foil to minimize loss of
water due to evaporation. The cooked noodles were drained for about 2 min, rinsed with distilled
water in a Buchner funnel, and cooked weight was determined by weighing wet mass of noodles
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Appendix X
Shelf Life - Peroxide value (PV)

Peroxide value was determined using method given by AOAC (2000). For this, 5 g of sample was
taken in Peroxide value (PV) the volumetric flask and then 50 ml of chloroform was added in to it.
Volumetric flask was placed on shaker for 2-3 h for extraction of fat. Then, the extract was filtered
with Whatman no. 1 filter paper.

From filtered extract, 20 ml was taken in the flask and 30 ml of glacial acetic acid was added to it
along with 1-2 ml of saturated potassium iodide solution. Then, the flask was left for 30 min. After
30 min, 50 ml of distilled water and 2 ml of 1 percent starch solution was added into the flask. It
turned blue/black coloured solution. The solution was titrated against 0.01 N sodium thiosulphate
until it turned to colourless solution. PV was calculated using formula as given below-

S =ml of 0.01N Na,S,0; (Blank corrected used).

N = Normality of Na,S,0s.

S x N x 1000
PV .k =
(meg. / ke) Weight of sample
Shelf Life — Free Fatty acid ( Kaur et al., 2023)

Free fatty acids (FFA) were analysed using method given by Tarladgis et al. (1960) outlined by Kaur
et al 2023. Five grams of sample was weighed and added to the flask containing 50 ml of benzene and
kept for 30 min. After 30 min, the extract was filtered with the Whatman No. 1 filter paper.

Then, 5 ml from the extract was taken in the flask and 5 ml of benzene, 10 ml of 95 percent
ethanol and few drops of phenolphthalein indicator was added in the flask. The solution was titrated
against 0.1 N sodium hydroxide till light pink colour appeared. FFA was calculated using formula as
given below.

Vx Nx28.2

FFAY leic =
0% as oleic W

Where % FFA= percent free fatty acid ( g/100g) expressed as oleic acid
V= Volume of NaOH titrant (ml)

N= Normality of NaOH titrant( mol/1000ml)

282= MW of oleic acid (g/mol) Cruncher = (MW x 100)/1000

W = Sample mass (g)
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Total plate count - - Horizontal method for the enumeration of microorganisms -- Part 1:
Colony count at 30 °C by the pour plate technique- FSSAI Manual 2016

Medium: The medium includes plate count agar and 0.1% peptone water. For detailed composition

Procedure:

To prepare the food homogenate, a 1:10 dilution of the well-mixed sample is made by aseptically
transferring it to the desired volume of diluent. Non-viscous liquid samples, such as milk, should be
measured volumetrically and mixed thoroughly with the appropriate volume of diluent, for example,
11 mL into 99 mL, 10 mL into 90 mL, or 50 mL into 450 mL. For viscous liquid samples, weigh the
sample and mix it thoroughly with the diluent, such as 11 + 0.1 g into 99 mL, 10 + 0.1 g into 90 mL,
or 50 + 0.1 g into 450 mL. Solid or semi-solid samples are weighed and placed into a sterile blender
jar or stomacher bag, followed by the addition of 450 mL of diluent. These are blended for 2 minutes
at low speed (approximately 8000 rpm) or mixed in a stomacher for 30-60 seconds. Powdered
samples can be weighed and directly mixed with the diluent, shaking vigorously (50 times through a
30 cm arc).

In cases where particulate matter floats in the dilution water, the particles should be allowed to settle
for 2-3 minutes. The diluent should then be drawn from a portion with minimal food particles before
proceeding.

When the expected microbial count exceeds 2.5 x 10° per mL or gram, decimal dilutions are prepared.
Each dilution should be shaken 25 times through a 30 cm arc. Fresh sterile pipettes or auto-pipettes
should be used for each dilution. To create the dilution, pipette 1 mL of the food homogenate into a
tube containing 9 mL of diluent, and transfer 1 mL from this tube to a second tube containing 9 mL of
diluent. This process is repeated for further dilutions as needed, with a cyclomixer also being an
option for mixing.

For pour plating, Petri plates are labeled with sample number, dilution, date, and other relevant
information. One milliliter of the food homogenate and selected dilutions are pipetted into duplicate
Petri dishes. Molten PCA (cooled to 42—45°C) is then poured (10—12 mL per dish) within 15 minutes
of preparing the original dilution. The media and dilution are gently mixed by swirling clockwise,
anti-clockwise, and to-and-fro three times, ensuring the contents do not touch the lid. The plates are
allowed to set.

Incubation:
The prepared Petri dishes are incubated in an inverted position at 35°C + 2°C for 48 hours, or at a
temperature specified by food regulations, such as for packaged drinking water.

Counting Colonies:
After incubation, colonies are counted on plates containing 30-300 colonies, and the results are
recorded per dilution counted.
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To calculate the microbial count with a rounded result, the formula is:
M.
V-11-d
Where:

. Z C is the total number of colonies counted on all the retained dishes.
e T/ is the volume of inoculum in each dish (in milliliters).

* dis the dilution corresponding to the first dilution retained (for undiluted liquid products, d =

1).

Example Calculation:
At the first dilution retained (10 2): 168 colonies.

At the second dilution retained (10~ 3): 14 colonies.

168 + 14 182

N — —
1-1.1-102 0.011

= 16545 CFU /g or CFU/mL.

Rounding the result to the first two significant digits gives 17000 or 1.7 x 10* CFU/g or CFU/mL.
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Appendix XI
Purchase Intent Form

Dear Participant,

As part of my PhD research Acceptability of Unripe Banana Flour-based Ready-to-Eat (RTE) and
Ready-to-Cook (RTC) Products, 1 have developed cookies and noodles using unripe banana flour.

Your feedback is valuable in understanding the potential acceptance of these products in the market.
Please indicate your likelihood of purchasing these products by selecting the option that best reflects
your preference. Your responses will remain confidential and will only be used for research purposes.

By completing this form, you are providing your consent to participate in this study. Thank you for
your time and support.

Sincerely,
A Haripriya

Research Scholar,
Avinashilingam Institute for Home Science and Higher Education for Women, Coimbatore.

Name

Area of residence
Age: 20- 25 years/ 26-40 years/ 41-50 years
Gender: Male/ Female
Occupation
Educational Qualification
[ ] Higher Secondary
[ ] Graduation
[ ] Post-Graduation / Higher
Household Income per month
[ ] Below 30000
[ 1Rs 30000- Rs 50000
[ 1 Rs 50000- Rs 100000

e [ ] Above Rs 100000
Purchase Intent Scale

S NNk WD —

e J o o

Please indicate your purchase intent for each product by selecting one option for the following scale:

Point Scale Description

1 Definitely would not purchase
2 Probably would not purchase
3 May or may not purchase
4 Probably would purchase
5 Definitely would purchase
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Product Assessment- What is your likelihood of purchasing these products?

Points Scale/
Products

1

2

3

4

Cookies 1 A

Cookies 1 B

Noodles 1 A

Noodles 1 B
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ABSTRACT

Bananas and plantains are globally significant food crops, cultivated in over 130 countries. The structural, functional, and nutritional compositions
of various banana cultivars exhibit considerable diversity and uniqueness. This study aimed to investigate the physical characteristics, nutrient
content, phytonutrients, and antioxidant potential of two specific banana cultivars: Peyan (ABB) and Monthan (ABB). The selected bananas
were in stage 1 of ripening, characterized by low total soluble solids (1.13-1.2°Brix). The flour yield was 30.17% for Peyan and 23.25% for
Monthan. The Monthan variety exhibited higher protein content compared to Peyan. Total carbohydrate content, starch, dietary fiber, and other
non-starch polysaccharides were similar in both cultivars. Monthan showed considerably higher levels of flavonoids, while Peyan exhibited
higher polyphenolic and tannin content. In the DPHH assay, the methanolic extracts of Peyan and Monthan recorded IC50 values of 5.006
mg/mL and 6.641 mg/mL, respectively. Unripe banana flours, with their high fiber content (13%), rich phytochemical profile, and antioxidant
potential, are highly recommended for the development of functional foods.

Keywords: Antioxidant potential, nutrient composition, phytonutrients, unripe banana flour.

Citation: Haripriya, A. and Mageshwari, U.S. 2023. Comparative analysis of nutrient and phytonutrient composition of unripe banana flour from
Musa paradisiaca L. cv. 'Peyan' and 'Monthan'. Journal of Postharvest Technology, 11 (3): 125-137.

INTRODUCTION

India boasts a rich diversity of banana cultivars cultivated in various regions throughout the country, each catering to distinct
purposes such as dessert and cooking. Regrettably, approximately one fifth of harvested bananas are rejected in both the
wholesale market and post-harvest stages. To address this issue, the manufacturing of unripe banana flour and its derivative
products has emerged as a sustainable solution that benefits farmers while offering cost-effective opportunities for the food
processing sector (Ravi and Mustaffa,2013) Given the escalating prevalence of obesity, diabetes, and cardiovascular diseases,

unripe banana flour presents a promising resource for the development of healthy functional products (Wang et al., 2012).
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Furthermore, plantain varieties, which occupy around 30% of the cultivated area, are currently underutilized in terms of their
nutritional potential (Ravi and Mustaffa,2013). Musa acuminata and Musa balbisiana are the primary species responsible for the
vast majority of parthenocarpic edible bananas. The haploid genome of Musa acuminata is referred to as A, while that of Musa
balbisiana is denoted as B. Typically, dessert varieties consist of triploids and diploids originating from Musa acuminata, whereas
culinary varieties and plantains are triploids resulting from hybridizations between Musa acuminata and Musa balbisiana
(Hazarika et al., 2014; OECD, 2009).

Peyan (ABB) is a distinctive banana variety cultivated in the regions of Tamil Nadu and Kerala. The fruits of this variety are
characterized by their short length, flat sides, and prominent angled ridges. They possess a broad base and a slightly tapered
apex, forming a blunt beak. The pedicel, or fruit stalk, is short in length. The skin of the fruit appears green with a subtle bloom
and transitions to a dull yellow hue upon full ripening. The peel is thick and leathery, with a spongy fiber on the inner surface.
The pulp of the fruit is predominantly white, and the core is easily noticeable. In terms of taste, it offers a unique combination of
a mildly sweet and sour flavor, reminiscent of Chikku fruits. Due to its medicinal properties, refreshing cooling effect, and limited
availability, Peyan bananas command premium prices in the market. They are particularly recommended for pregnant women,
children, and individuals dealing with piles. Synonyms associated with this cultivar include Mada Vazhai, Pey Monthan, Pey

Valai, and Peyan Mayil Vazhai (Venkataramani, 1946).

Monthan (ABB), a notable commercial banana cultivar in India, is primarily utilized for culinary purposes. However, in the
northeastern states, it finds usage in both dessert and cooking applications. The fruits of Monthan measure approximately 10
inches in length and 6 inches in girth. They exhibit a slight curvature, plumpness, and irregular five-sided shape, with prominent
angled ridges and flat or slightly inflated sides. The base of the fruit is broad, gradually tapering to a long and angled pedicel,
while the apex is broad and features a prominent knob-shaped beak. The skin of the fruit is green, thick, and tough, possessing
a significant amount of spongy fiber on the inner surface. When fully ripe, the skin transforms into a straw-yellow color. The pulp
of Monthan bananas is firm, cream-colored, with a conspicuous core. The fruit offers a mildly sweet and pasty taste when fully
ripe. In several regions of Tamil Nadu and Kerala, Monthan fruits are consumed by individuals suffering from chickenpox due to
their perceived cooling effect on the body. Regional synonyms associated with this cultivar include Bontha, Kanch Kela, Bankel,

Bantheesa, and Kalyanakai (Venkataramani, 1946).

This study was conducted with the objective of comprehending the physical characteristics, nutrient composition, secondary
metabolites, and antioxidant capacity of unripe banana flour derived from Musa cultivars Peyan and Monthan. The valuable
insights gained from this investigation have the potential to enhance the effective utilization of unripe banana flour as a functional
food. The results of this study are significant for promoting the development and utilization of unripe banana flour within the food

industry.

MATERIALS AND METHODS

Procurement and determination of ripening stage

The selected cultivars, Peyan (ABB) and Monthan (ABB), were obtained from the wholesale fruit market in Chennai, Tamil Nadu.
The authenticity of the fruits was verified by the Department of Pharmacognosy, Siddha Central Research Institute (Central
Council for Research in Siddha, Ministry of AYUSH, GOI), Chennai, with the assigned Form No. PCOG002-ACF. The ripening
stages of the fruits were determined using the Von Loesecke (1950) scale, which categorizes the ripening process into seven

stages based on the color of the peel. These stages are defined as follows: C1 - completely green; C2 - green with slight traces
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of yellow; C3 - predominantly green with more green than yellow; C4 - predominantly yellow with more yellow than green; C5 -
yellow with green edges; C6 - fully yellow; and C7 - yellow with brown spots. For this study, bananas at stage 1 of ripening were
specifically chosen.

Campuzano et al. (2018) described a method to validate the appropriate ripening stage of the samples by assessing the Total
Soluble Solids (TSS). This method was adapted and implemented to reconfirm the ripening stage of the bananas. In summary,
30 g of banana pulp was blended for two minutes in 90 mL of water, and the TSS was measured using a handheld Atago
refractometer, which has a scale ranging from 0 to 30 °Brix.

Physical characteristics

The physical characteristics of the unripe green banana fruits were assessed using the methodology outlined by Dadzie and
Orchard (1997). Measurements were conducted on 12 fruits selected from the second and third hands within each bunch. Fruit
length was measured from the distal end to the outer curve using a measuring tape. Additionally, the circumference of each fruit
was measured at its widest midpoint. The weight of the entire fruit, as well as the individual weights of the pulp and peel, were
determined using a digital weighing balance.

Preparation of unripe banana flour and its yield

The unripe bananas were carefully washed and peeled by hand using a steel knife. The peeled bananas were then sliced into
1 cm thick pieces. To prevent enzymatic browning, the slices were rinsed in a solution of citric acid (0.3g/100mL). Following this,
the slices were dried in a tray drier at a temperature of 50°C until they became brittle. Once dried, the slices were pulverized for
120 seconds, sieved through a 60-mesh sieve, and the resulting powder was collected. The powder was then cooled and stored
in HDPE bags at ambient temperature (Kumar et al., 2019). Figure 1 and Figure 2 depict the visual representation of the selected
cultivars Peyan and Monthan, respectively. The percentage yield of unripe banana flour (UBF) was calculated using the following
formula given: UBF yield (%) = (Fresh weight of the pulp -Moisture content of the pulp)/ Fresh weight of the pulp x 100.

Fig. 2: Musa paradisiaca ‘Monthan’
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Proximate composition

The proximate composition of the unripe banana flours, as well as the pH and titratable acidity, were determined following the
methods outlined by AOAC (2005). The moisture content of both the unripe fruit and unripe banana flour was determined using
method 925.10. Titratable acidity and pH were assessed using methods 942.15 and 981.12, respectively. An 8% suspension of
unripe banana flour (UBF) was prepared and stirred for approximately 5-7 minutes. The suspension was then allowed to stand
for 30 minutes, filtered, and the pH of the filtrate was measured (Sundaralingam and Ravindran,1993). Additionally, using the

same slurry, Total Soluble Solids (TSS) were estimated using a refractometer (Salvador et al., 2007).

The total mineral content of the samples was determined by ashing at 525°C for 5-6 hours using a muffle furnace (923.03).
Protein estimation was carried out using the Kjeldahl method with the conversion factor Nx6.25 (978.04), while fat was extracted
using petroleum ether in Soxhlet apparatus (960.39). Total dietary fiber was estimated using the Sigma TDF 100A kit, following
the procedures outlined in the AOAC 15™ edition (1990). The cellulose content was determined according to the protocol
provided by Sadasivam and Manickam (2008). Crude fiber was quantified using the residue obtained after acid and alkali
digestion and pectin content was reported as calcium pectate. Total carbohydrate and starch were determined using the
Anthrone method (Sadasivam and Manickam, 2008). Soluble sugars were extracted using 80% hot ethanol (80°C). The
supernatants were pooled together, and the ethanol was evaporated. The residues were then reconstituted with water. Total
sugars were analyzed using the Phenol-sulfuric acid assay, while reducing sugars were assayed using the Nelson-Somogyi
method (Nelson, 1994).

Secondary Metabolites

One gram of unripe banana flour (UBF) was combined with a 25 mL mixture of methanol and water (v/v, 20:5). The resulting
mixture was subjected to orbital shaking at 100xg for 8 hours at a temperature of 37°C. Subsequently, it was centrifuged at
4000x%g for 10 minutes, and the liquid fraction was gathered for the estimation of secondary metabolites and the DPPH assay
(Savlak et al., 2016).

Preliminary qualitative screening for phytochemicals was performed using standard methods (Sorescu et al., 2018). The Folin-
Ciocalteu reagent method (Singleton and Slinkard, 1997) was employed to assess the overall phenolic content of UBF. The
findings were expressed as milligrams of gallic acid equivalents (GAE) per 100 grams of UBF (based on its dry weight). Total
tannins were quantified using the Folin-Denis method with Tannic acid as the standard (Schanderl,1970). The estimation of
flavonoids was conducted using the aluminium chloride colorimetric technique (Alothman et al., 2009) and expressed as
milligrams of quercetin equivalents (QE) per 100 g of UBF (dry weight). The method introduced by Davies and Reid (1979) was

employed to assess the levels of phytic acid.

Antioxidant potential

The DPPH (1,1-Diphenyl-2-Picrylhydrazyl) Free Radical Scavenging Activity Assay was conducted following the method. The
sample extracts were diluted with aqueous methanol to obtain different concentrations. A mixture of 1 mL of 0.1 mM DPPH in
methanol and 2 mL of sample extracts was prepared and incubated in the dark for 30 minutes at ambient temperature. The
absorbance of the mixture was then measured at 517 nm using a spectrophotometer. A control solution of 1 mL of DPPH solution
with methanol was also prepared. The percentage of scavenging activity of each extract on the DPPH radical was calculated as

the % inhibition of DPPH (1%) using the following equation: 1% = [(Ao - As) / Ao] x 100, where Ao represents the absorption of
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the control and As represents the absorption of the tested extract solution. Ascorbic acid was used as the reference standard
(Carciochi et al., 2014).

Statistical analysis

The physical characteristics were measured using 12 fruits, and all experimental analyses were conducted in triplicates. The
results are presented as Mean * SD. To determine significant differences between the Peyan and Monthan cultivars, an

independent t-test (two-tailed) was performed. Data analysis was conducted using Microsoft Excel 2019.

RESULTS AND DISCUSSION

Fruit Characteristics

Table 1 presents the physical characteristics and flour yield of the selected cultivars. Fruit length and circumference showed
variations between the cultivars, with Monthan exhibiting significantly greater values. This trend was also reflected in fruit weight,
pulp weight, and peel weight, where Monthan had higher measurements. The pulp/peel ratio for Monthan was determined to be
2.10 + 0.19, indicating a relatively higher proportion of pulp compared to the peel. In contrast, Peyan had a thicker peel and a
lower pulp/peel ratio of 1.70 + 0.24. Previous research studies have reported a pulp/peel ratio of 1.9 for Monthan (Sundaralingam
and Ravindran, 1993; Kumar et al., 2019). The selected samples for analysis were in stage 1 of ripening, characterized by a
completely green appearance. The moisture content of fresh unripe bananas from Peyan and Monthan cultivars was measured
at 69.56 + 1.48 and 76.80 + 2.49, respectively.

Table 1: Physical characteristics and Yield

Fruit Characteristics and Peyan Monthan p* value
Yield

Fruit length (cm)* 12.16 £1.01 18.75 +0.45 .00001
Fruit Circumference (cm)* 12.68+ 0.62 15.98 +0.73 .00001
Fruit wt (g)* 74.42 +4.15 192.71+4.81 .00001
Pulp wt (g)* 46.75+3.21 130.39+6.53 .00001
Peel wt (g)* 27.68 +2.57 62.31+3.35 .00001
Pulp/ Peel ratio* 1.70+0.24 2.10£0.19 .00018
Moisture Content (%)*® 69.56 +1.48 76.80 +2.49 .00001
Total Solids (%) ® 30.44 +1.47 23.20+2.49 .0023
Brix(°Brix) ® 1.13£0.11 1.2+0.2 .6433
Flour Yield (%)® 30.17 £0.40 23.25 +0.07 .0017

# Data presented are mean value of 12 measurements + standard deviation (n = 12)
$Data presented are mean value of triplicates + standard deviation (n = 3)

*t test (Independent samples, two tailed) p value <0.05 significant
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TSS, which represents the soluble solid content, tends to increase as the bananas ripen (Bugaud et al., 2006). In the case of
the unripe bananas used in this study at stage 1 of ripening, TSS values of 1.13 + 0.11 °Brix for Peyan and 1.2 + 0.2 °Brix for
Monthan unripe fresh fruit were obtained. Previous research studies have reported TSS values ranging from 1.0 to 2.1 °Brix for
green bananas (Campuzano et al., 2018; Alkarkhi et al., 2011). The lower TSS content in green bananas is expected, as various
enzymes are involved in starch breakdown and the formation and accumulation of soluble sugars occur during the ripening

process (Emaga et al., 2007).

Flour Yield

The banana flours obtained from both cultivars had a creamy pale-yellow color. The flour yield for Peyan was determined to be
30.17 + 0.40%, while for Monthan it was 23.25 + 0.07%. Achieving a higher yield of quality flour is important for obtaining better
prices for the finished products. In a previous research study, flour yields of 25.5% and 31.3% were reported for Monthan and
Alukehel varieties, respectively (Sundaralingam and Ravindran,1993). The lower flour yield observed in the Monthan variety
compared to Peyan can be attributed to its relatively high moisture content (76.81%) and the well-developed vascular tissue
present in the fruit. The flours were coded as PUBF (Peyan unripe banana flour) and MUBF (Monthan unripe banana flour), and

the results of the proximate analysis are presented in Table 2.

Table 2: Proximate composition of unripe banana flour

Proximate Composition Peyan Monthan p*value
(Per 100g on dry weight basis) (PUBF) (MUBF)

Moisture (%) 3.95+0.75 8.67 +0.67 .000371
Total Solids (%) 96.05+ 0.67 91.33 £0.67 .000371
pH 4.54 + 0.02 6.4£0.11 .00001
Brix(°Brix) 2.86 +0.11 1.97+0.05 .00027
Titratable acidity (as % citric acid) 0.22+0.01 0.43+0.01 .000015
Ash (%) 3.89 £0.24 4.51+0.187 .006408
Protein (g) 4.89+0.18 6.15+0.52 .007849
Fat (g) 1.96 +0.07 1.36 £ 0.29 .028044
Total Carbohydrate (g) 88.03 +1.16 86.70+1.71 .305105
Total Starch (g) 84.76 + 1.67 82.58 +1.60 .109106
Total Sugar (g) 2.87 +0.05 2.94+0.05 .292893
Reducing sugar (g) 1.16+0.02 1.0310.38 582414
Dietary Fiber (g) 13.77 +0.53 13.41 £0.43 40901
Crude Fiber (g) 1.17+0.51 1.52+0.28 .360199
Cellulose(g) 2.12+0.05 3.11+0.39 .071022
Pectin as calcium pectate (%) 0.144 £0.01 0.176 £0.05 448023

Data presented are mean value of triplicates + standard deviation (n = 3)

*t test (Independent samples, two tailed) p value <0.05 significant

Proximate Composition

The moisture content of dried food products plays a crucial role in their storage stability. Higher moisture content can negatively

impact the textural, chemical, and biochemical properties of the product and promote microbial growth (Traynham et al., 2007).
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Typically, a moisture content of around 10% is considered ideal for ensuring good shelf life (FAO, 2004). In this study, the
moisture content of unripe banana flours was found to be 3.95 + 0.75% for Peyan and 8.67 + 0.67% for Monthan. These moisture
content values suggest that unripe banana flour has good potential for maintaining its quality and stability during storage. In a
different study, the moisture content of plantain flours from hybrid plantain varieties ranged from 6.15% to 7.27% (Anajekwu et

al., 2020) Another scientific study reported a moisture content of 6.0% for unripe banana flour (Rodri’guez-Ambriz et al., 2008).

The pH of the unripe banana flours ranged from 4.54 + 0.02 (Peyan) to 6.4 + 0.11 (Monthan). A titratable acidity of 0.22- 0.43 %
was obtained. In a similar study, a pH of 5.0 + 0.10 and 5.78 + 0.20 was reported for Nendran and Popoulu varieties. Titratable
acidity of 0.61 + 0.03 and 0.85 + 0.02 g of citric acid/100 g d.w was reported for Saba and Nendran variety (Kumar et al., 2019).
Oxo-acids present such as malic, oxalic, and citric contribute to the acidity of the flour (Wyman and Palmer, 1964). The ash
content in food is widely recognized as an indicator of the total mineral content, representing the inorganic residue left after
organic matter is burned (Ferreira and Tarley, 2020). In the selected cultivars, the ash content ranged from 3.89% to 4.51%.
Kumar et al. (2019) reported an ash content of 3.25 g/100g for Monthan and 2.06-2.50 g/100g for other varieties in their research
study. Another study reported ash content of 4.2 + 0.5% and 3.3 + 0.2% (d.w.) for Monthan and Alukehel, respectively
(Sundaralingam and Ravindran,1993).

Proteins play a crucial role in various metabolic reactions during the ripening and senescence of fruits (Shi et al., 2014) and the
total crude protein content is determined by the balance between protein synthesis and degradation (Toledo et al., 2012). In this
study, Peyan fruit showed a protein content of 4.89+0.18 g/100g, while Monthan had a significantly(p<0.05) higher value of
6.15+0.52 g/100g. Another study reported a protein content of 3.69 + 0.07 g/100g for ripening stage 1 Banana Cavendish of
Musa acuminata (AAA) (Campuzano et al., 2018). The protein content of unripe banana flour of Awak ABB variety was recorded
as 6.77 g/100g (Haslinda et al., 2009). In the case of Monthan variety (ABB), a protein content of 4.89 + 0.21 g/100g was reported
(Kumar et al., 2019). According to da Mota et al. (2000), the difference in protein content is primarily influenced by the inherent
characteristics of dessert and plantain bananas. It is worth noting that the protein content of UBF is lower compared to wheat
flour (10.99 £ 0.69 g/100 g d.w.) as reported by Traynham et al. (2007). The fat content of Peyan and Monthan was found to be
1.96 + 0.07 g/100g and 1.36 + 0.29 g/100g, respectively. Another study reported a lipid content of 0.89 + 0.04 g/100g for Musa

acuminata AAA variety (Menezes et al., 2011).

During the pre-climacteric period, the starch content of bananas, which typically ranges from 70% to 80%, reduces to 1% or
lower by the conclusion of the climacteric phase, while the sugar content increases to more than 10% of the fruit's fresh weight
(Zhang et al., 2005). The total sugar content in green banana flour is generally lower and is significantly influenced by the fruit's
maturity stage (Brand-Miller et al., 2009). In the current study, unripe bananas in stage 1 of ripening were found to have a total
carbohydrate content ranging from 88.03 g/100g to 86.70 g/100g, with a total starch content ranging from 84% to 82%. The
recorded values for total sugars were lower, averaging between 2.87 g/100g and 2.94 g/100g, and reducing sugars ranged from
1.16 g/100g to 1.03 g/100g. The composition of these components in the two varieties showed some similarity. In a previous
study, the total sugar content of banana flour was reported to average between 2.9% and 2.7% for the varieties 'Alkuehel' and
'Monthan', respectively (Sundaralingam and Ravindran,1993). Another study by Menezes et al. (2011) reported a relatively

modest quantity of soluble sugars (1.81 g/100g) for Musa acuminata var. Nanicao.

The selected cultivars exhibited a significant dietary fiber content of 13%. In a study involving the Banana Awak ABB variety,
the total dietary fiber content was reported as 7.53%, while unpeeled banana flour had 11.27% (Haslinda et al., 2009). The crude
fiber content of Peyan was recorded as 1.17 + 0.51 g/100g, and for Monthan, it was 1.52 + 0.28 g/100g. The crude fiber content

of Terra (Musa paradisiaca) was reported as 1.18 + 0.07 g/100g (Pelissari et al., 2012). The cellulose content of Peyan was 2.12
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+ 0.05 g/100g, while for Monthan, it was 3.11 + 0.39 g/100g. The estimated pectin content, measured as calcium pectate, ranged
from 0.144% to 0.176%. In the case of Alukehel, an indigenous Sri Lankan variety, the cellulose content was reported as 3.2 £
0.7 g/100g, while Monthan recorded 2.9 + 0.6 g/100g (Sundaralingam and Ravindran,1993).

Secondary Metabolites

After the qualitative analysis of phytochemicals in this study confirmed the presence of alkaloids, flavonoids, tannins, phenolic
compounds, and volatile oils, additional quantitative analysis was conducted and the results are summarized in Table 3. Among
these phytonutrients, phenolic compounds stand out as crucial antioxidants found in plants. They serve as primary antioxidants
and effectively terminate peroxy radicals (Sulaiman et al., 2011). It is worth mentioning that the composition of bioactive
compounds can differ based on several factors, including the banana variety, genomic group, and the prevailing climatic and

soil conditions (Anyasi et al., 2015).

Table 3: Phytonutrient composition

Secondary Metabolites Peyan Monthan p* value
(per 100g on d.w) (PUBF) (MUBF)

Polyphenols (mg GAE) 118.85+4.19 87.15+6.17 .026628
Tannins (mg TAE) 611.62+5.19 461.3217.14 .001719
Phytic acid (g) 0.598+0.04 0.129+0.08 .004471
Flavanoids (mg QE) 112.78+13.47 178.89+6.73 .001606

Data presented are mean value of triplicates + standard deviation (n = 3)

*t test (Independent samples, two tailed) p value <0.05 significant

In the present study, the selected cultivar Peyan exhibited a significantly higher total phenolic content (TPC) of 118.85+4.19 mg
GAE/100g compared to Monthan, which had a TPC of 87.15+6.17 mg GAE/100g. Tsamo et al. (2014) reported that the pulp of
"Pelipita" had the highest TPC (319.5 + 70.4 mg GAE/100g FW) among the varieties tested, surpassing "Niangafelo" and "Moto
Ebanga". In another study, Monthan exhibited a lower polyphenolic content of 44.50 + 0.76 mg GA/100g (Kumar et al., 2019).

Tannins, which are water-soluble polyphenols found in plant foods (Sehrawat et al., 2006), possess functional properties (Mazni
et al., 2016). The presence of tannins in bananas contributes to the unpleasant astringent taste, with higher levels typically found
in the peels compared to the pulp. The decrease in astringency observed in ripe fruits is more likely attributed to alterations in
the structure of tannins rather than a reduction in their overall levels (Hubbard et al., 1990). In this study, the tannin content was
measured as 611.62+5.19 mg TAE/100g for Peyan and 461.32+7.14 mg TAE/100g for Monthan.

A statistically significant difference was observed in the phytic acid content between the two cultivars, with Monthan exhibiting a
lower value. Similar findings were reported for phytic acid content (5.1-7.6 mg/g) in commercial raw banana flour samples

(Ferreira and Tarley, 2020). The concentration of phytic acid in M. sinensis and M. paradisiaca was within the range of 2.26-
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2.46% (Oyeyinka and Afolayan, 2019). Phytic acid concentrations in various cereals, vegetables, seeds, and fruits have been
reported to range from 0.1 to 17.9 mg/g (Lott et al., 2000). Tannins and phytates have been associated with blood glucose
reduction and improved insulin response (Thompson, 1993). Additionally, the concentration of phytic acid, polyphenolic

compounds, or tannins in starchy foods is inversely correlated with the in-vitro rate of starch digestion (Yoon et al., 1983).

Flavonoids, which belong to the polyphenol family and possess diphenyl propane skeletons, have been extensively studied for
their potential health benefits, including anti-inflammatory, hypolipidemic, hypoglycemic, and antioxidant activities (Vijayakumar
et al., 2008). Previous research has identified the presence of flavonoids such as epicatechin and myricetin 3-O-rhamnosyl-

glucoside in banana flour derived from cultivars like "Mabonde," "Luvhele," and "M-red" (Anyasi et al., 2015).

In this study, the selected cultivars demonstrated a noteworthy content of flavonoids. Monthan exhibited a significantly higher
value (178.89+6.73 mg QE/100g) compared to Peyan (112.78+13.47 mg QE/100g) in terms of flavonoid content, as determined
by the analysis.

In vitro antioxidant potential

A lower IC50 value in the DPPH assay indicates a higher ability to scavenge free radicals and disrupt free radical chain reactions
(Frankel, 1991). The IC50 values were determined by employing Quest Graph™ IC50 Calculator (AAT Bioquest, 2023) based
on a logistic regression model. In this study, the methanolic extracts of Peyan and Monthan recorded IC50 values of 5.006
mg/mL and 6.641 mg/mL, respectively. The reference ascorbic acid standard exhibited an IC50 value of 10.13 ug/mL. Figure 3

illustrates the DPPH free radical scavenging activity of UBFs and Vitamin C.

DPPH free radical scavenging activity
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Fig. 3: DPPH free radical scavenging activity of UBFs and Vitamin C

In a study on Musa ABB cv. Kluai namwa, the IC50 values in the DPPH assay were found to be 5.46 mg/mL and 2.54 mg/mL
for the ethanolic and methanolic extracts of unripe banana flour (Jannoey et al., 2012). The considerable capacity for scavenging

free radicals observed in this study can be ascribed to the advantageous phytonutrient profile of the chosen cultivars.
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CONCLUSION

This study presents a thorough examination of the nutrient composition and phytonutrients found in unripe banana flours derived
from the Peyan and Monthan cultivars. These flours, rich in dietary fiber and abundant phytonutrients, exhibit a high antioxidant
capacity, making them a promising supplement for the development of functional foods. Incorporating banana flour into various
convenience and ready-to-eat food products can not only offer consumers healthier choices but also provide a sustainable
solution for utilizing excess or rejected bananas. The findings of this study encourage further exploration of the potential of Peyan

and Monthan banana flour as a functional ingredient, enabling the development of nutritious and appealing food options.
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INTRODUCTION

Bananas, which are part of the Musa genus, are highly consumed fruits that are grown in tropical and subtropical areas. In recent
years, the global banana trade experienced significant growth, with exports reaching a record volume of around 21 million tonnes
in 2019 due to increased supply and demand. However, in the first half of 2022, exports decreased by approximately 1.2 million
tonnes to about 19.6 million tonnes. Despite facing challenges on the supply side, importing countries maintained strong
demand. Intense competition, quality concerns, and market saturation have negatively impacted producer margins and posed
sustainability challenges for the banana industry (FAO, 2022). Utilizing green bananas for flour production presents a sustainable
solution that can help reduce post-harvest losses. Banana flour holds great potential as a value-added supplement in the human
diet (Ahmed et al., 2020) and researchers have recognized its nutraceutical potential leading to the incorporation of green banana
flour into a variety of food products. To successfully commercialize and develop new food products based on unripe banana
flour, understanding starch characteristics is essential. The Peyan cultivar, originating from South India, has been recognized
for its medicinal properties in the traditional food system of Tamil Nadu. However, there is currently no existing literature
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discussing its nutritional or functional properties. This study intends to bridge that knowledge gap by investigating the micro and
molecular structure and starch fractions of unripe banana flour obtained from two specific varieties: Peyan, the indigenous
variety, in comparison with Monthan, a widely cultivated commercial cultivar. The findings of this study will offer valuable insights

into the potential applicability of these banana varieties within the food industry.

MATERIALS AND METHODS

Sourcing and processing of green banana flour

The Peyan (ABB) and Monthan (ABB) cultivars used in this study were obtained from the wholesale fruit market in Chennai,
Tamil Nadu. The Department of Pharmacognosy at the Siddha Central Research Institute (Central Council for Research in
Siddha, Ministry of AYUSH, GOI) in Chennai verified the authenticity of the fruits (Form No. PCOG002-ACF). Bananas at stage
1 of ripening were selected referring to the Von Loesecke scale (1950) and the ripening stage was validated by assessing the
Total Soluble Solids (TSS).

The unripe bananas were washed, hand-peeled using a steel knife, sliced into 1 cm thick pieces, and immersed in citric acid
solution (0.3g/100mL) to prevent browning. The slices were dried until brittle (55°C), pulverized for 120 seconds, and sifted
through a 60-mesh sieve (Campuzano et al., 2018)- The unripe banana flour was creamy yellow in color with a moisture content
0f 3.95 + 0.75% and 8.67 + 0.67% for Peyan and Monthan, respectively. The UBF was stored in HDPE bags at room temperature

for further analysis.

Structural Properties

SEM analysis

Surface morphology observations of the unripe banana flour (UBF) samples were conducted using a scanning electron
microscope (FEI-Quanta FEG 200F). The microscope allowed for a resolution of particle sizes ranging from 5 to 100 um. The
samples were affixed to double-sided tape, coated with a layer of gold plating, and then examined to observe their structural

characteristics.

XRD analysis

X-ray diffraction (XRD) patterns were generated using an X-Pert Pro PANalytical instrument equipped with a Cu Ka source,
operating at a voltage of 45 kV and a current supply of 30 mA. The scanning range was set from 10° to 80° (26) with a step size
of 0.0170 [°2Th.] and a scan step time of 5.7150 S. The relative crystallinity (%) was determined from the diffractograms using

OriginPro 2023b Software. Relative crystallinity was calculated using the following equation (Kumar et al., 2021)

RC (%) = Crystalline peaks / (Crystalline peaks + Amorphous peak) * 100

FT-IR analysis

Fourier-Transform Infrared (FT-IR) spectra were recorded using an FT-IR spectrophotometer (SHIMADZU IRAffinity-1S,
Miracle 10 ZnSe Prism Plate) within the range of 600-3600 cm-'. The UBF sample was mixed with potassium bromide (KBr)

before testing.
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Starch Fractions

The determination of total starch, resistant starch, and digestible starch was carried out using established methods as follows:

Total starch analysis

Goni et al. (1997) method was utilized for the determination of total starch content. In this method, a 50 mg of UBF sample was
mixed with 2M KOH and allowed to react at room temperature for 30 minutes. Then, sodium acetate buffer (pH=4.75) and
amyloglucosidase were added to the sample, followed by an incubation period of 45 minutes in a shaking water bath maintained

at 60°C. The starch present in the sample was converted to glucose, which was then quantified using a GOPOD Kit.

Resistant starch analysis

The determination of resistant starch was conducted according to the method 2002.02 AOAC. The starch in UBF was
enzymatically hydrolyzed into glucose using pancreatic a-amylase and amyloglucosidase (AMG) over 16-hours at a temperature
of 37°C. To halt the reaction, ethanol was added, and the resistant starch (RS) was obtained as a pellet through centrifugation.
The RS pellet was then treated with 2M KOH while vigorously stirring in an ice-water bath. Acetate buffer was added to adjust

the pH, and the RS was further hydrolyzed to glucose using AMG. The glucose content was determined using GOPOD Kkit.

Digestible starch analysis

To determine the digestible starch, the original supernatant from the resistant starch analysis was pooled together and the
glucose content was measured using the GOPOD method. To quantify the starch content, the glucose value obtained from each

analysis (total starch, resistant starch, and digestible starch) was multiplied by a factor of 0.9.

Amylose and amylopectin

The total amylose content of banana starches was determined following the method of McCready et al. (1950) For the analysis,
100 mg of the sample (dry weight basis) was mixed with 1 mL of distilled ethanol and 10 mL of 1 N NaOH and incubated at room
temperature overnight. The resulting solution was diluted with distilled water to achieve a final volume of 100 mL. An aliquot of
this solution (2.5 mL) was taken and titrated against 0.1 N HCI, with the addition of 20 mL of distilled water. Following that, one
mL of iodine reagent was added, and the resulting solution was diluted to 50 mL. The color intensity was measured at 590 nm
using a UV-Visible Spectrophotometer, and the amylose content was extrapolated from an amylose standard curve. A blank
solution was prepared using one mL of diluted iodine reagent. The difference between the total starch content and the determined

amylose content represents the amylopectin content.

Thermal properties- DSC analysis

The thermal properties of the samples were assessed using a differential scanning calorimeter (NETZSCH DSC 204 F1
PHOENIX). For the analysis, a UBF sample weighing between 2.8 and 3 mg (dry weight basis) was directly placed into an
aluminium pan. A small volume of deionized water (7 pl) was added to the sample, and the pan was then sealed and allowed to
reach equilibrium for 1 hour before the measurement. The scanning process involved heating the samples at a rate of 10.0 K/min
within a temperature range of 20°C to 200°C. An empty aluminium pan with a pierced lid was used as a reference without a

sample. The thermograms of the samples, generated with NETZSCH Proteus software, provided values for various parameters,
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including the onset temperature (To), peak temperature (Tp), final temperature (Tc), gelatinization temperature range (AT), and
enthalpy (AH).

Statistical Analysis

Structural properties and DSC analysis were performed as single determinants, while all other experimental analyses were
conducted in triplicates on dry weight basis. The results are presented as Mean + Standard Deviation. To assess significant
differences between the Peyan and Monthan cultivars, an independent t-test (two-tailed) was carried out. Data analysis was
performed using Microsoft Excel 2019.

RESULTS AND DISCUSSION

Morphological insight using SEM

SEM images provide valuable insights into the characteristics of flour granules, including their size, shape, presence of other
compounds, structural integrity, and surface morphology (Kumar et al., 2019). In the present study, SEM images of the UBFs
(shown in Fig. 1) revealed distinct characteristics of the starch granules from the Peyan and Monthan varieties. The Peyan flour
exhibited a combination of irregularly shaped round, oval, spherical, and occasionally flattened or elongated granules. On the
other hand, the Monthan flour predominantly showed elongated, oval-shaped granules with a few spheroid forms. The starch
granules appeared intact without any fractures, indicating that the process used to obtain UBF did not cause drastic damage to
the granule structure. The microstructure of the flour also exhibited varying degrees of fiber presence, which could probably be
the amyloplast membranes. In comparison with similar research, Indonesian Cooking banana cultivars Kapas exhibited

elongated shape while Kepokand and Nangka cultivars were spherical (Marta et al.,2019)

SEM images of UBF Monthan( 100 pm, 50 pm, 30 pm ,10 pm )

Figure 1: SEM images of UBF Peyan and Monthan
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Morphological insight using XRD Patterns

As described by Ouyang et al. (2021) the X-Ray Diffraction (XRD) pattern of type A exhibits pronounced diffraction peaks at
approximately 15° and 23°. Additionally, this pattern displays less well-defined peaks around 17° and 18°. In contrast, type B
XRD patterns feature the strongest diffraction peaks around 17°, accompanied by smaller peaks at 15°, 20°, 22°, and 24°.
Notably, type B patterns also exhibit specific peaks at 5.6°. On the other hand, type C XRD patterns demonstrate a combination

of characteristics observed in types A and B.

20 kY “ 0 @ n 20 2 0 0 60 n
Position [*ZTheta] (Gopper (Qu) Position [°2Theta] (Copper (A1)

Figure 2. X-ray diffraction patterns- Peyan flour (on right) and Monthan flour

For Peyan flour, the recorded peaks were at 26 angles of 15.22°, 17.24° and 23.35°. Conversely, Monthan flour exhibited
distinctive peaks at 26 angles of 15.12°, 17.25°, 24.28°, and 26.52°. In our research, we found that the highest peak for both
flours appeared at 17.24° - 17.25°, followed by a peak at 15.22° - 15.12°. From the XRD patterns presented in Figure 2, it can
be deduced that both Peyan and Monthan flours possess type B crystallinity. Peyan exhibited a relative crystallinity percentage
of 8.91%, while Monthan had a relative crystallinity percentage of 13.06%. Starch from unripe banana fruit of Hom Khieo (AAA)
and Namwa(ABB) grown in Thailand showed B-type crystalline structure (Thanyapanich et al., 2021). A relative crystallinity of

8.73% was reported for green banana flour in a research work (Padhi et al., 2022).

Morphological insight using FT-IR Spectroscopy

Figure 3 displays the FTIR spectra of the UBFs. The unripe banana flours exhibited a band at 3300 cm', indicating the stretching
of O-H bonds. The broad band observed around 1334 cm' represents O-H bending. The band at 1627-1635 cm™' signifies C=C
stretching. Both cultivars displayed a peak at 1002 cm™. The results indicate that both cultivars have similar bioactive

compounds.

Figure 3: FTIR spectra of Peyan flour ( on right) and Monthan flour
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Padhi et al. (2022) had reported a peak at 3269 cm™ for UBF, suggesting O-H stretching and indicating the presence of
carboxylic acid and alcohol, a peak at 1334 cm™"' indicating the presence of phenols and aromatic amines, respectively. The
peak at 1002 cm™' can be attributed to the stretching of carbonyl bonds, which are responsible for the characteristic flavor and

aroma compounds of bananas (Khoza et al., 2021)

Starch fractions

Starch is the primary carbohydrate component in banana flour and the starch composition of UBFs is depicted in Table 1. The
total starch content of Peyan and Monthan UBF was found to be 86.47 + 3.05% and 82.94 + 3.05%, respectively. Starch content

ranging from 81% to 93% has been reported for unripe fruits of hybrid plantain cultivars (Anajekwu et al., 2020).

Table 1: Starch composition of Unripe banana flours

Starch Characteristics Peyan Monthan p value

(g/ 100g on dwb)

Total Starch 86.47+3.05 82.94+3.05 .2302

Amylose 23.34+0.77 23.52+0.64 731762
Amylopectin 61.49+2.37 59.06+1.35 .134059
Total Digestible starch 43.42+0.37 43.27+0.18 .698489
Resistant Starch 44.75+1.24 44.47+0.87 .822862

Data presented are the mean value + standard deviation (n = 3), p value<0.05 significant independent t-test (two-tailed)

Table 2: Gelatinization characteristics of banana flours

Flour To °C Tp°C Tc°C AT °C AH(J/g)
Peyan 30.44 85.60 162.44 132.0 2108
Monthan 31.37 88.37 161.37 130.03 2535

To: onset temperature, Tp : peak temperature, Tc: completion temperature AT gelatinization temperature range (Tc - To) , AH: gelatinization

enthalpy

The composition of amylose and amylopectin in banana flour affects gelatinization, gelation, and retrogradation characteristics.
The amylose content plays a vital role in the making up of amorphous region in starch granules and positively associated with
resistant starch (RS) content (Cornejo-Ramirez et al., 2018). In the current study, both varieties exhibited an amylose content
of 23%, with Peyan having a higher amylopectin content of 61.49 + 2.37g/100g dry weight. Amylose content of 24% has been
reported for the Monthan and Karpuravalli cultivars, while Saba and Nendran cultivars showed significantly higher amylose
content of 35-36% (Kumar et al., 2019)

Resistant starch (RS) has been linked to various health advantages, including a reduced glycemic response, increased satiety,
and a potential prebiotic effect (Bello-Pérez et al., 2018). In the current study, both cultivars exhibited 44% RS content and 43%
digestible starch. The similar characteristics observed in both cultivars could be attributed to their belonging to the same genome
ABB. Li et al. (2020) had reported a RS content of 42.33 % for unripe Taiwanese banana Pei Chiao.
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Thermal properties- differential scanning colorimetry

The thermal properties of unripe banana flour play a crucial role in determining the functional characteristics of various food
products. The gelatinization characteristics are summarized in Table 2. The gelatinization temperature of banana flour ranged
from 85.6 to 88.37 °C. Notably, Monthan flour exhibited a higher gelatinization temperature of 88.37 °C, accompanied by an
enthalpy of gelatinization of 253.5 J/g. Conversely, Peyan flour displayed a AH value of 210.8 J/g.

Gelatinization temperature in the range of 77.49 to 79.99°C was reported for different varieties of unripe banana, namely Saba,
Mas and Berangan (Mamat et al., 2021)- In a research study Monthan flour had higher gelatinization temperature of 111.81 +
1.02 °C with the enthalpy of gelatinization 418.81 + 1.72 J/g and the researchers appreciate this characteristic that renders

unripe banana flour potentially beneficial in products requiring delayed pasting, such as extruded snacks (Kumar et al., 2019).

CONCLUSION

The underexplored potential of green bananas, despite widespread domestic consumption, emphasizes the need to diversify
their applications, especially in flour production. This strategic focus is crucial for advancing innovations in functional foods. The
study delved into examining the starch characteristics of unripe banana flours derived from Musa cultivars Peyan and Monthan.
This investigation sheds light on the potential suitability of these flours as supplements in various food products. The Peyan and
Monthan UBF varieties, with total starch contents of 86.47 + 3.05% and 82.94 + 3.05%, respectively, exhibited a 23% amylose
content. Both cultivars displayed 44% resistant starch and 43% digestible starch, making them suitable for low glycemic
products. Their elevated gelatinization temperature of 85.6 to 88.37 °C suggests promising scope for utilization in high-
temperature processed foods like pasta and noodles. The unique B-type starch diffraction pattern with a relative crystallinity
percentage of 8.91%-13.06% and the higher resistant starch content make these UBFs less susceptible to enzymatic
degradation, positioning them well for gut health and diabetic foods. The study strongly advocates for further research to explore

the utilization of unripe banana flour from both Peyan and Monthan cultivars in food product development.
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