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Abstract

Diabetes mellitus (DM) is a progressive metabolic disease characterized by persistent elevated blood sugar levels
which occur due to change in action or secretion of hormone insulin. The primary goal for the management of
diabetes is dietary regulation of glucose which can be achieved by consuming low glycemic index food along with
physical activity. Low glycemic index foods contain carbohydrate that digest and absorb gradually. Banana blossom
has low glycemic index value as well as it is rich in fiber. On the other hand, fenugreek seeds are also rich source
of fiber which is again beneficial for the diabetic people. In this present study an effort has been made to develop
anti-diabetic composite flour by incorporating banana blossom and sprouted fenugreek seeds by replacing wheat
flour. Various variations have been developed of the composite flour (FB 101, FB 102 and FB 103) and the sensory
evaluation reflect the selection of the variation FB102. Result revealed that the composite flour FB102 which
comprises of 15% banana blossom and 5 % sprouted fenugreek seeds has high amount of ash (3.2+0.005), protein
(11.94+0.72) and fiber (47.21£0.9) than the control wheat flour ash (1.25+0.23), protein (10.67+0.51) and fiber
(6.31£0.51). Physiochemical and functional properties of the developed composite flour was estimated and
significant difference was observed.
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Introduction

Diabetes mellitus (DM), is a metabolic illness
characterized by persistently elevated blood
sugar levels which causes changes in action and
secretion of insulin.["! Insulin insufficiency, leads
to hyperglycemia, glucose intolerance, and
excess sugar in the blood and urine, as well as
weakness.?  Pharmacologically  speaking,
diabetes is brought on by cellular and hormonal
disturbances, which cause the body's blood
glucose levels to rise above 120 mg/dl.B The
development and maintenance of type 2 diabetes
mellitus are attributed to sedentary lifestyle,
unhealthy diet and psychological stress.!!

People with diabetes have to control the blood
sugar level by taking a balanced diet consisting of
low glycemic index food and do enough physical
activity. Low glycemic index foods are those
foods which release glucose slowly in the blood
after consumption, so they are considered as
ideal food for the people having DM. The
glycemic index (Gl), which Jenkins and
colleagues first proposed in the early 1980s, is a
concept for evaluating carbohydrate items
according to how they affect post-prandial

glycemia.l!' The term "high GI" refers to
carbohydrates that digested swiftly and released
glucose into the blood quickly. Low Gl
carbohydrates disintegrate gently, releasing
glucose into the blood gradually. Foods with a
high GI are quickly broken down and absorbed,
which causes a noticeable variation in blood
sugar levels. As a result, foods with high glycemic
indices are suggested as a dietary element that
encourages the development of chronic
disease.[®! On the other side, low Gl foods have
been shown to have positive health effects since
they cause a gradual rise in blood sugar and
insulin levels. [

Banana blossom is an offshoot of banana

cultivation and it is mostly consumed as a

vegetable in Asian countries such as Sri Lanka,
Malaysia, Indonesia and the PhiIippines.[S] The

blossoms are big, pointed, mostly scarlet color
and occasionally pink also.[

Despite being a crop production waste, blossoms
have a strong nutritional profile.['® It has
tremendous nutritional value and is a good
source of dietary fiber and some biologically
active compounds.['"]

Fig 1. Banana blossom

Banana blossom has low glycemic index value of
0.3+0.13. Banana blossom (65.6%) had a higher
percentage of nutritional fibre than other parts.
Banana blossom had higher polyphenol content
than other parts.['d The blooms’ have high fibre
and iron content which lowers blood sugar levels
and increases hemoglobin levels in the blood
respectively. Along with assisting breastfeeding
moms' milk production, it also lowers
menstruation bleeding and muscle cramps.!'?!

Trigonella foenum-graecum(fenugreek) is an
annual plant belongs to the Fabaceae family. It is
a medicinal plant which is used to treat diabetes.
In both diabetic and non-diabetic individuals, the
fenugreek plant lowers lipids, lowers blood sugar,
and possesses antioxidant and antibacterial
properties. It is beneficial against obesity and
reduces body fat.l'*
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Fig 2. Sproted Fee

A chemical that exists in plants naturally is
referred to as a phytochemical. Phytochemicals
in plants give host plants a natural defensive
mechanism and in addition provides color, flavor,
and aroma.l" In comparison to dried fenugreek
seeds, the action of soaking (sprouting)
fenugreek seeds increases insulin resistance,
nutritional value and increases the quantity of
their dietary constituents.['®! Sprouted fenugreek
seeds are high in protein (32%), lysine (5.7g/16g
of nitrogen), soluble (20%) and insoluble (28%)
dietary fibre, L-tryptophan, and are also a good
source of calcium, iron, and beta-carotene. The
primary chemical components of fenugreek
seeds are steroidal sapogenins, galactomannans
and isoleucine, all of which have potential
medical use.['®

Objectives
To develop anti-diabetic composite flour by

using Banana blossom and sprouted Fenugreek
seeds in different proportion.

To carry out the nutritional analysis of the
developed composite flour.

To assess the shelf life of the developed
composite flour.

To analyze the cost of the developed composite
flour.

Research Methodology

Study area: IS deemed to be University
Study Type: Experimental Nutrition

The methodology is divided into six phases as
follow:

Phase I: Preparation of ingredients

R
nugreek Seeds

Procurement of raw ingredients: Banana
blossom, fenugreek seeds and wheat flour were
purchased from the local market of Jaipur city.

Processing of banana blossom: The banana
blossom was washed thoroughly under running
water and then the outer fibrous bracts were
removed and inner white florets were separated.
Prepared florets were immersed in 0.2% citric
acid solution for 30 minutes. After 30 minutes the
citric acid solution was drained out. Then, the
florets were dried in oven at 50-55 °C. A fine
powder was prepared by grinding the dried
banana blossom and the powder was stored in an
airtight container ['71,

Processing of fenugreek seeds: The procured
seeds were washed carefully with water and were
steeped in distilled water at a 1:5 (w/v) ratio for 12
hours. After 12 hours the seeds were allowed to
germinate for 24 hours at 27°C+2°C in the dark.
After germination, the seeds were dried in an
oven at 40 °C for 6 hours. The dried fenugreek
seed was ground into a fine powder and kept in
an airtight container (18],

Phase lI: Development of the composite flour

Composite flour was developed by addition of
15% of banana blossom powder in all the
variation i.e., FB 102, FB 103 and FB 104 by
replacing the wheat flour. Further sprouted
fenugreek seeds powder was added at 5%, 10%
and 15% in FB 102, FB 103 and FB 104 by
replacing the wheat flour.
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Variation Wheat Flour Banana Blossom Feenugreek Seed
C 101 100g - -
FB102 (20%) 80g 15g (15%) 5g (5%)
FB103 (25%) 759 15g (15%) 10g (10%)
FB104 (30%) 70g 15g (15%) 159 (15%)

Table 1. Different variation of the composite flour

Phase llI: Sensory evaluation

The sensory evaluation of developed composite
flour was done using sensitivity threshold test by
the panel of 18 semi trained judges, comprised of
faculty members from [IS (deemed to be
University), Jaipur. It is used to select and train
panel members for evaluating the quality of food
products.

The sensory evaluation was carried out by
preparing composite flour chapattis from each
variation which is FB 102 (20%), FB 103 (25%)
and FB 104 (30%) and a comparison was made
with control recipes.

The evaluation was performed by panel
members, using hedonic scale (where ‘1’ = dislike

extremely and ‘9= like extremely). Evaluation
was carried out on sensory characteristics
namely, appearance, color, texture, taste, after
taste and overall acceptability '"). The best
selected composition was chosen for further
estimations.

Phase IV: Nutrient content estimation of the
developed composite flour

The proximate analysis, functional properties and
physiochemical properties of the most acceptable
(FB 102) composite flour and control wheat flour
was done by using standard methods. The
estimation was carried out in the Research
Laboratory, Department of Home Science, IS
(deemed to be university), Jaipur.

Nutrients Method References
Moisture (g/100g) Oven drying method AOAC, 2020 120
Ash (g/100g) Ashing method AOAC, 2020 @
Crude fiber (g/100g) Acid alkali wash method AOAC, 2020 120

Protein (g/1009)

Micro Kjeldhal method

AOAC, 2020 2

Fat (g/100g)

Soxhlet extraction method

AOAC, 2020 2

Carbohydrate (g/1009)

Composite method

AOAC, 2020 2

Energy (Kcal/100g)

By calculation

AOAC, 2020 2

Table 2. Methods used for estimation of proximate nutrients present in the composite flour

Functional Properties

References

Water absorption capacity (g/g)

AOAC, 2020 29

Qil absorption capacity (g/g)

AOAC, 2020 [0

Bulk density (g/cm?3)

AOAC, 2020 [0

Swelling capacity (ml/g)

Chandra et al., 2015 21

Table 3: Estimation of functional properties of the composite flour

Physicochemical Properties

References

Gluten content (g/1009g)

AACC, 2005 22

Table 4. Estimation of physiochemical properties of the composite flour
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Phase V: Shelf life assessment of developed
composite flour
The shelf life of the developed composite flour
was assessed for a period of 45 days by using

Total plate count method (TPC) and moisture
content. The composite flour (FB 102) was
stored in zip locks and then in air tight container.

Shelf Life

Method

References

Microbiological Analysis (CFU/g)

Total Viable Count

AOAC 2020 29

Moisture (%)

Hot air oven

AOAC 2020 29

Table 5. Methods for analysis of shelf life of developed composite flour

Phase VI: Food cost analysis and nutrient
calculation of the developed flour
Food cost of the best selected composite flour
(FB 102) was calculated according to the existing
market price of the ingredient used at the time of

Results

Phase | Sensory evaluation: The result of
sensory evaluation of the developed composite
flour and the control wheat flour is presented in

the formulation of flour. Table 6.
Code Appearance Colour Texture Taste After taste | Overall Acceptability
C 101 8.44+0.7° 8.38+0.4° 8.55+0.72 7.94+£0.72 | 8.33+2.1° 8.5+0.72
FB102 7.88+1.07 2 7.94+0.5° 8.05+0.8" 8.27+0.6° 8.1+0.6° 8.1+0.5°
FB103 7.61£1.22 7.72+0.22 7.88+1.2° 7.61%£1.22 7.5%1.2° 7.72+1.2°
FB104 7.61£1.1°2 7.61+£0.42 7.44+1.3¢ 7.2241.22 | 6.94+1.49 7.38+1.5¢

Table 6. Mean sensory score of mix vegetable stuffed chapatti prepared using formulated diabetic
flour (Mean+SD)
Mean with same superscript in a column denote no significant difference at p<0.05 Means with different superscripts
in a column denote significant difference at p<0.05

¥ Code
" c101
[ |
FB102
[ |
FB103
[ |
Colour Appearance Texture Taste After Taste Overall
Fig 3. Graphical representation of mean sensory score of mix vegetable stuffed chapatti
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Fig 4. Various proportions of chapattis were prepared from the composite flour.

From the results it was concluded that the control
what flour chapatti has the more acceptability in
terms of- appearance (8.4410.7), color
(8.38+0.4), texture (8.55+0.7), taste (7.94+0.7),
after taste (8.33+2.1) and overall acceptability
(8.5+0.7). From the different variations the
chapatti made from composite flour with 20%
variation (FB 102) was most acceptable among
the other variations, which have 20%
incorporation of banana blossom powder and
sprouted fenugreek powder. The following
parameters for most acceptable variation (FB
102) were- appearance (7.88+1.07), color
(7.94+0.5), texture (8.05+0.8), taste (8.27+0.6),
after taste (8.1£0.6) and overall acceptability
(8.1£0.5).

The selected variation (FB102) was estimated for
proximate, functional properties and

physiochemical properties. The selected variation
(FB102) was assessed for shelf life and
acceptability trial of the recipes developed from
the flour by the diabetics.

Phase Il Nutrient content estimation of the
flour: Proximate nutrient content, physiochemical
properties and functional properties of the
developed composite flour (FB 102) and control
wheat flour was estimated and the results are
presented below.

1. Estimation of proximate composition: Various
proximate nutrient contents such as moisture,
ash, protein, fat, crude fiber, carbohydrate and
energy were estimated and results are presented
in Table 7.

Nutrients Control Composite Flour

Moisture (g/100g) 9.44+0.112 7.89£0.13°
Ash (g/100g) 1.25+0.23° 3.2+0.005°
Protein (g/100g) 10.67+0.512 11.94+0.72 @
Fat (g/1009) 4.99+0.022 2.94+0.07°
Crude fiber (g/100g) 6.31£0.512 37.06%0.7°
Carbohydrate (g/100g) 67.35+0.312 37.33+0.9°
Energy (Kcal/100g) 356.99+0.452 223.55+0.7°

Table 7. Mean proximate nutrient content of the composite flour (FB 102) Mean+SD Mean with same superscript
in a row denote no significant difference at p<0.05 Mean with different superscript in a row denote significant
difference at p<0.05
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The result revealed that there is a significant carbohydrate (28.8+0.9) and energy (187.44+0.7)
difference in ash, moisture, fat, fiber, were lower than the control wheat flour’s

carbohydrate and energy content of control moisture (9.44+0.11), fat (4.99£0.02),
and developed composite flour. The composite carbohydrate (67.35£0.31) and  energy
flour (FB102) has higher amount of ash (356.99+0.45).

(3.2+0.005), protein (11.94+0.72) and fiber

) 2. Functional parameters: Various functional
(47.21+0.9) than the control wheat flour ash

)

)

properties like- water absorption capacity, oil
absorption capacity, bulk density, swelling
capacity were estimated and results are
presented in Table 8.

(1.25£0.23), protein (10.67+£0.51) and fiber
(6.31£0.51). On the other hand, mean content of
moisture (7.89+0.13), fat (2.94+0.07),

Properties Control Composite Flour

Water absorption capacity (g/g) 314.37+0.21 2 334.46+0.73°

Oil absorption capacity (g/g) 316.02+0.13 2 322.49+0.02 2
Bulk density (g/cm?) 0.83+0.312 0.78+0.06 @
Swelling capacity (ml/g) 11.74+0.02 @ 16.88+0.5°

Table 8: Mean functional properties of the composite flour (FB 102) Meant+SD. Means with the same superscript
in a row denote no significant difference at p<0.05. Means with different superscripts in a row denote a significant
difference at p<0.05

The result revealed that there is a significant
difference in between control and developed
composite flour. The water absorption capacity of
the composite flour (334.46+0.73) is more than
the control wheat flour (314.37+0.21). Similarly,
the swelling capacity of the composite flour
(16.88+0.5) is more than the control wheat flour
(11.74+0.02). Similarly, the oil absorption
capacity of the composite flour (322.49+0.02) is

more than the control wheat flour (316.02+0.13).
On the other hand, the bulk density of the
composite flour (0.78+0.06) is less than the
control wheat flour (0.83+0.31).

3. Physiochemical parameters: Physiochemical
properties like- gluten content was estimated
and the results are presented in Table 9.

Properties

Control Composite Flour

Gluten content % (on dry basis)

8.88+0.51°

7.43+0.03°

Table 9. Mean physiochemical properties of the composite flour (FB 102) Mean+SD. Means with same
superscripts in a row denote no significant difference at p<0.05. Means with different superscripts in a row denote
significant difference at p<0.05

The result revealed that there is a significant
difference in between control and developed
composite flour. The composite flour (7.43+0.03)
contains less gluten% than the control wheat flour
(8.88+0.51%).

Phase Ill Shelf life estimation of the flour: The
shelf life of the developed composite flour was
assessed for a period of 45 days by using Total
plate count method (TPC) and moisture content.

1: Standard plate count (Standard plate
technique) - Microbial analysis was done for the
composite flour (FB 102) was done for about 45
days and plating was done after every 15 days.
The composite flour was kept at room
temperature in air tight containers in zip-locks
pouches. Results of the Total Plate Count (TPC)
are presented in Table 10.
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Days Total viable count (CFU/g) Fungal count (CFU/q)
Day 1 2.61 X 10° NA
Day 15 2.63 X 10° NA
Day 30 2.68 X 10° NA
Day 45 2.70 X 10° NA

Table 10: Mean microbial count of the composite flour (FB 102)

2. Moisture content (Oven drying method) -
Moisture content of the developed composite
flour (FB 102) was done for about 45 days and
plating was done after every 15 days. The

composite flour was kept at room temperature in
air tight containers in zip-locks pouches. Results
of moisture content are presented in Table 11.

Days Moisture (per cent)
Day 1 7.89+0.14
Day 15 7.90+£0.4
Day 30 7.911£0.12
Day 45 7.93+0.35

Table 11. Mean moisture content of the composite flour (FB 102)

Phase IV Cost analysis of the developed flour
composite flour (FB 102): The calculation of food
cost of the developed composite flour was done
using the existing market rates at the time of

development of product. Food cost was
calculated for 100 g (Table 12). The cost of 1000
g composite flour was Rs. 45.

Ingredients Amount (g) Cost (Rs.)
Wheat flour 80 3.2
Banana blossom 15 1.0
Fenugreek seeds 5 0.3
TOTAL 100 4.5

Table 12. Food cost analysis of the developed composite flour (FB 102)

Phase V Calculation of nutrient content of the
developed composite flour (FB102) from IFCT-
2017: The nutrient content of the developed

composite flour was calculated using Indian
Food Composition Table, 2017.

Ingredients Amount (g) Protein (g) Fat (g) CHO (g) Energy (KCal)
Wheat flour 80 8.45 1.22 41.33 225.23
Banana blossom 15 0.24 0.09 1.48 7.65
Fenugreek seeds 5 1.22 0.28 0.53 11.70
TOTAL 100 9.91 1.59 43.34 244.58
Table 13. Nutrient content of developed composite flour
Conclusion

Diabetes mellitus (DM) is a progressive metabolic
disease characterized by persistent elevated
blood sugar levels which occur due to change in
action or secretion of hormone insulin. Global
epidemiology suggests that more than 300 million
people will have diabetes by the tear 2025. The

primary goal for the management of diabetes is
dietary regulation of glucose which can be
achieved by consuming low glycemic index food
along with physical activity. Banana blossom is a
perfect example of low glycemic index food as it
has low glycemic index value as well as it is rich
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in fiber. On the other hand, fenugreek seeds are
also rich source of fiber and alkaloids which have
hypo-glycemic effect. It is concluded that banana
blossom and fenugreek seeds are very important
for their medicinal as well as nutritional
properties.

In this research an effort has been made to
develop anti-diabetic composite flour by
incorporating banana blossom and sprouted
fenugreek seeds by replacing wheat flour. The
composite flour was developed by addition of
15% of banana blossom powder in all the
variation i.e., FB 102, FB 103 and FB 104 by
replacing the wheat flour. Further sprouted
fenugreek seeds powder was added at 5%, 10%
and 15% in FB 102, FB 103 and FB 104 by
replacing the wheat flour.

The best selected composite flour (FB102) was
analyzed for various nutrient analyses. Result
revealed that composite flour has high amount of
ash (3.21£0.005), protein (11.94+0.72) and fiber
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