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Abstract— The present study was conducted to improve the nutritional composition of cakes and biscuits which are
generally made with refined flour. Refined wheat flour was substituted with Germinated Sorghum Flour and Plantain Flour.
Process parameters such as height, diameter, spread ratio and spread factor were recorded for biscuits. For cakes, process
parameters such as batter pH, acidity, density, baking temperature and cake volume were assessed. Weight of biscuits
increased from 8.05 g in control to 9.27 g in variation made with germinated sorghum and plantain. There was significant
reduction (p<0.05) in spread ratio of biscuits with increased amount of germinated sorghum and plantain flours. The spread
ratio reduced from 7.63 (control) to 6.68 indicating less spread of biscuits during baking. In conclusion, substitution of
refined wheat flour with germinated sorghum and plantain provides dual benefits of improving nutritional quality of the
baked products and also it improves process parameters which are essential for scale-up during commercial production of
biscuits and cakes.
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I.

INTRODUCTION

Fibre is an important dietary component that has several beneficial roles in our body. Various studies have proved that there
is a relationship between the lack of fiber in the diet and the incidence of several common diseases [1]. The diseases
commonly associated with low-fiber diets include coronary heart disease, diabetes mellitus, diverticular disease, colon
cancer, appendicitis, and dental caries. In today's changing world, consumer's preference of taste has led to refinement of
flours to make bakery products with improved textural properties and taste. Consequently, the fiber content of diets has also
reduced. Substitution of refined flours with whole grains has potential to improve the nutritional value and fiber content of
the food products. Whole grains and millets such as sorghum, ragi etc. can be used as a substitute of refined flours. Sorghum
and plantain (Green banana) are rich sources of Resistant Starch (RS) and can be used in many products to increase their
fiber content.
Sorghum: Sorghum is also known as jowar in India, belongs to the tribe Andropogonae of the grass family Poaceae. It is a
gluten‐free cereal and can also be used for celiac patients [2]. It is rich in phytochemicals, phenolics, sterols, and
anthocyanins [3]. It also provides minerals such as magnesium, copper, manganese, iron and zinc and vitamins such as
thiamin, riboflavin, niacin, vitamin B‐6 and pantothenate [4]. Sorghum can be used to make different kinds of food products.
Products like bread and cookies have been made with sorghum bran incorporated up to 15 and 30 % without any significant
differences in texture or flavor profiles compared to whole wheat products [5]. Other examples include porridges [6],
germinated malt products, which include porridges and some alcoholic and non-alcoholic beverages, like Mahewu, which is
produced in Zimbabwe [7]. The germinated sorghum flour can be used in preparation of bread, muffins, biscuits etc. Another
well-established use of sorghum is in production of leavened baked goods such as wheat–sorghum composite bread [8].
Plantain: Plantain (Green banana) is a traditional product which can be dried to form flour and can be used to substitute
refined flours. It is a good source of carbohydrates and dietary fiber [9]. Plantain contains higher hemicelluloses content
(6.08%) than most fruits and vegetables. Apart from dietary fiber, it is also good source of some essential minerals such as
potassium, and various vitamins (A, B1, B2 and C) [10]. It also has high nutraceutical potential [11]. Plantain powder or
flour has been used widely as an ingredient in the food industries [12]. Many research works have proved that consumption
of plantain is beneficial to human health due to its resistant starch (RS) content [13].
Health benefits of Resistant starch (RS): "Resistant starch has been defined as the fraction of starch, which escapes digestion
in the small intestine but is digested in the large intestine after 5 to 7 hours of consumption" [14]. Fermentable fiber and RS
are associated with improved glucose tolerance. There is evidence that this is caused by the presence of the short chain fatty
acids (SCFA) and by a peptide produced in the fermentation process [15]. Resistant starch (RS) has been proved to be
beneficial for digestive health as it increases stool bulk, acts as a mild laxative, promotes the growth of healthy bacteria in the
gut [16] and reduces pH in the intestine. SCFA also reduces the risk of ulcerative colitis and colon cancer by promoting the
lipid and cholesterol metabolism [17]. RS also help in the management of diabetes by reducing the glycemic index of food
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[18], [19]. RS does not cause sensory changes in food products [20]. It provides better appearance; texture and mouth- feel
than conventional fibers to food products [21].

II.
1.1

MATERIAL AND METHOD

Selection and procurement of raw materials

The study comprised of development of two types of bakery products. For biscuit preparation, refined wheat flour, plantain
flour, germinated sorghum flour, sugar, butter, baking powder and milk were used. All above-mentioned ingredients were
also used in preparation of cakes along with eggs.
1.2

Preparation of Plantain Flour (PF)

PF was prepared according to the method given by [22]. The plantain was peeled and sliced into thin slices of 2-3 cm each.
These slices were washed to remove stickiness. Washed slices were dried at room temperature for moisture evaporation and
then dried in a dehydrator at 550C for 3 days. The dehydrated banana slices were grounded in a mixer to form the flour.
1.3

Preparation of Germinated Sorghum Flour (GSF)

GSF was prepared using method given by [23]. Sorghum grains were steeped in distilled water at room temperature
overnight. 1–2 ml of 0.2% formaldehyde solution was added for 40 min to retard mold growth during germination. The
grains were washed 4-5 times and soaked for 20 minutes in distilled water to remove formaldehyde. Washed grains were
spread on jute a bag saturated with distilled water and allowed to germinate for 5 days at room temperature. After
germination, the grains were dried in dehydrator at 60 0C for fiber days and grounded to a fine powder.
1.4

Development of bakery products (cakes & biscuits) using Plantain Flour (PF) & Germinated Sorghum Flour
(GSF)

Cakes and biscuits were selected to substitute Refined Wheat Flour (RWF) with GSF & PF. Equal ratios of GSF & PF (1:1)
were mixed to form a flour mix. This flour mix of GSF & PF was used to substitute RWF to prepare biscuits and cakes. Five
variations of biscuits and cakes were prepared by substituting the RWF with a flour mix. The variations used in product
development are given in Table 1. Short dough biscuits and cream cakes were prepared using the basic recipe.

TABLE 1
COMBINATIONS OF FLOURS USED FOR DEVELOPMENT OF BAKERY PRODUCTS
Variations

Refined Wheat Flour (RWF)

Plantain & Germinated Sorghum Flour (1:1) (GSF + PF)

Code 1 (control)

100

0

Code 2

60

40

Code 3

40

60

Code 4

20

80

Code 5

0

100

1.5

Process parameters for biscuits

Weight, Height, diameter, spread ratio and baking time and the temperature was done as process parameters for biscuits.
1.5.1

Weight: The weight of the baked biscuit was determined by weighing 6 biscuits on a weighing balance and
calculating mean weight.

1.5.2

Height: The height was measured before and after baking. The thickness of biscuits was determined by placing six
biscuits on top of one another. The total height was recorded in millimeters with the help of a ruler. This process
was repeated thrice to get an average value and results were reported in mm [24].

1.5.3

Diameter: The diameter was measured before and after baking. The diameter of biscuits six biscuits was
determined by placing six biscuits edge to edge. The total diameter of the six biscuits was measured in mm by using
a ruler. The biscuits were rotated at an angle of 90° for duplicate reading. The process was repeated twice and
average diameter was reported in millimetre [24].
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Spread ratio: Three rows of five well-formed biscuits were made and the height measured. Also the same was
arranged horizontally edge to edge and sum diameter measured [25]. Spread ratio of a cookie is the diameter divided
by its thickness. Spread ratio and spread factor were calculated using the following equation:

Formula used
Spread Ratio=
Spread factor=
1.6

Diameter
Height

Spread ratio of sample
Spread ratio of control

×100

Process parameters for cakes

The process parameters of cakes include estimation of batter pH, batter density, batter acidity, baking time, baking
temperature and cake volume.
1.6.1

Batter pH: The pH meter was standardized using standard buffer solution at 25 0C. The sample was taken in a
beaker and pH was measured by a digital pH meter [26].

1.6.2

Batter density: Batter density was determined as the ratio of the weight of a standard container filled with batter to
that of the same container filled with water.

1.6.3

Batter acidity: The acidity of the cake batter was measured by taking 5 gm of batter in a beaker. The batter was
mixed with 10 ml of water and titrated against 0.1N NaOH using phenolphthalein as indicator.

1.6.4

Baking time: Baking time was measured using a digital watch. Baking time was measured as the time required for
cakes to turn golden brown in the oven during baking.

1.6.5

Baking temperature: It is measured using a calibrated laboratory thermometer.

1.6.6

Cake volume: Cake volume was measured with a calibrated ruler. The volume was calculated using following by
dividing height of the batter with final height of the cake after baking.

1.7

Sensory evaluation of biscuits and cakes

Sensory evaluation of bakery products (biscuits and cakes) was conducted with a panel of 30 members comprising of
students and faculty members. The products were analyzed for appearance, Color, Taste, Texture, Aftertaste and each
parameter was rated on a score of 25 and compared to control.

III.

RESULTS AND DISCUSSION

The use of plantain and sorghum has been well established in the past as a gluten-free alternative to wheat. In the present
study, Plantain Flour (PF) and Germinated Sorghum Flour (GSF) were used to substitute Refined Wheat Flour (RWF) in
preparation of bakery products (cakes and biscuits). The yield obtained for Plantain Flour (PF) was 64.7% and 94.5% for
Germinated Sorghum Flour (GSF). Five variations of cakes and biscuits were developed using five different ratios of Refined
Wheat Flour (RWF), GSF and PF (Table 1). Germinated Sorghum Flour (GSF) and Plantain Flour (PF) were mixed in equal
ratios and this flour mix was used to replace Refined Wheat Flour (RWF) in preparation of biscuits and cakes. Process
parameters were recorded for biscuits and cakes to ascertain changes occurring as a result of incorporating high-fiber flour
mix.
3.1

Process parameters of biscuits

The weight of the biscuits increased from 8.05 g in code 1 to 9.27 g in code 5 indicating that there is increase in weight of the
biscuits with increased incorporation of GSF and PF. The differences in the weight of biscuits could be due to increased fiber
content. Mean diameter of the biscuits) prepared from different ratios of flours containing RWF, GSF & PF varied
significantly (p<0.05) between the variations and control (Table 2). It was observed that diameter of the biscuits was
decreasing with higher ratios of GSF & PF. The diameter of code 5 was 54.90 mm which was prepared with GSF & PF
whereas significantly high diameter was observed in code 1 (56.5 mm) which was made up of RWF only. Incorporation of
GSF and PF improved the binding properties of biscuits and prevents spread during baking. The height of the biscuits was
affected positively with increase in the amount of Germinated Sorghum Flour (GSF) and Plantain Flour (PF). A gradual
increase was observed in the height of the biscuits as the level of GSF and PF were increased and RWF was reduced. The
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height noted in code 1 was 7.2 mm and 8.4 mm in code 5. The height of the biscuits was affected positively as there was an
increase in the height of the biscuits by increasing levels of Moth bean Flour supplementation [27]. The height of biscuits
measured in millimetres, signifies the increase in thickness of biscuits after baking due to expansion. More height of biscuits
could be due to higher amounts of crude fiber and crude protein incorporated in the biscuits with higher ratios of GSF and
PF. The height of the biscuits also affects spread ratio of biscuits. Spread ratio or diameter of cookies has been used to
determine the quality of flour for producing cookies [28]. Flour and sugar are the main hydrophilic components in cookies
that influence biscuit spread. Hydrophilic starches have a negative relation with spread ratio of cookies. During baking,
hydrophilic starch granules absorbed moisture and become swollen and gelatinized, thus providing the additional viscosity in
cookies [29]. Gluten and fiber present in flours are hydrophilic in nature which retains water and increases viscosity. The
hydrophilic compound in GSF and PF are starch & fiber which are present in high amounts. It increases viscosity resulting in
a decrease in spread ratio. The spread ratio of biscuits decreased from 7.63 in control to 6.68 in code 5. Spread factor is the
ratio that depends on the values of the thickness and diameter of the biscuits. In the present study, the spread factor of
biscuits gradually decreases as the amount of GSF and PF increases. The spread factor of biscuits decreased from100 in
control biscuits to 87.54 in code 5 (Table 2).

TABLE 2
PROCESS PARAMETERS OF ALL VARIATIONS OF BISCUITS
Variations
Weight (g)
Diameter (mm)
Height (mm)
Spread Ratio
a
a
Code1(Control)
8.05
56.50
7.20
7.63a
bc
ab
Code 2
8.24
56.70
7.40
7.47ab
Code 3
8.29
56.10
7.40ab
6.95ab
c
ab
Code 4
9.06
55.30
8.20
6.80ab
Code 5
9.27
54.90ab
8.40ab
6.68ab
*All values within column having same superscripts are significantly different (p<0.05)
3.2

Baking Time & Temperature of biscuits

Baking time and temperature of biscuits were measured for all the five variations. Time was measured using a stopwatch and
measured till the biscuits turned golden brown. The temperature was measured using a calibrated lab thermometer. It was
observed that with increased incorporation of GSF and PF, there is decrease in baking time of biscuits but the baking
temperature remains the same (Table 3).There is a decrease in baking time from 20 minutes in code 1 to 15 minutes in code
5. The baking temperature of all variations of biscuits was same i.e. 175 0C (Table 3). The decrease in time of baking with
higher levels of Germinated Sorghum Flour (GSF) and Plantain Flour (PF) could be attributed to the slightly darker color of
these flours as compared to Refined Wheat Flour (RWF). The darker color of these two flours gives golden brown color to
the biscuits in less time as compared to RWF biscuits.

TABLE 3
BAKING TIME & TEMPERATURE OF BISCUITS
Variation
Code1(Control)
Code 2
Code 3
Code 4
Code 5
3.3

Baking temperature
175oC
175oC
175oC
175oC
175oC

Baking time
20 mins
18mins
16 mins
16 mins
15 mins

Process Parameters for Cakes

The results obtained are presented in Table 4 and 5. A decrease in pH and increased titratable acidity was noted in cake
batters as GSF and PF were increased. The specific volume of baked cake indicates the amount of air that can remain in the
final product. A higher gas retention and higher expansion of the product leads to a higher specific volume [30]. After
baking, the specific volumes of cake with incorporation of flours were determined and a significantly higher value with
increasing GSF and PF indicates a more volume of air retained in the cakes. Cake batters containing GSF and PF with lower
batter density (code 5, Table 4) exhibited higher gas retention and resulting in a higher specific volume (2.8), due to the
expansion of gas retained in the batter. As the amount of GSF and PF are increased in the batter formulation, the density of
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batter decreases from 1.09in code 1 to 1.0 in code 5 (Table 4). With the increased incorporation of GSF and PF, there was a
decrease in baking time from 20 minutes in code 1 to 15 minutes in code 5 (Table 5) but the baking temperature remains the
same (185oC for all variations).

TABLE 4
PROCESS PARAMETERS FOR VARIATIONS OF CAKE
Variations
Code1 (Control)
Code 2
Code 3
Code 4

Batter density
1.09
1.087
1.076
1.04

Batter pH
7
7.2
7.12
7

Cake volume (cm3)
2.0ab
2.55ab
2.5ab
2.41ab

Batter Acidity (%)
0.35
0.3
0.24
0.13

Code 5
1
6.8
0.07
2.8ab
*Mean values in a column having different alphabets are significantly different from control (P < 0.05).

TABLE 5
BAKING TIME & TEMPERATURE OF VARIATIONS OF CAKE
Variation
Code1(Control)
Code 2
Code 3
Code 4
Code 5
3.4

Baking temperature
185oC
185oC
185oC
185oC
185oC

Baking time
20 mins
20 mins
18 mins
16 mins
15 mins

Sensory Evaluation of biscuits and cakes

Mean Scores

Sensory evaluation of cakes and biscuits was performed by a panel of 30 members comprising of faculty members and
students of Institute of Home Economics. Panelists analyzed the product for appearance, color, taste, texture, aftertaste and
overall acceptability of the product. All parameters were rated on a score sheet of 100 marks where each attribute was given
25 marks. The results of sensory evaluation of biscuits are represented in Fig. 1. The results reveal that taste (22.4), flavor
(22.63) and texture (22.51) of code 2 is very high as compared to code 1 (control) and other variations. Hence it can be
concluded that the sensory properties of variations (code 2 – code 5) were comparable to the control (code 1) and variations
were equally acceptable. Therefore, substitution of RWF with fiber-rich components such as GSF and PF was found suitable
for bakery products and biscuits can be prepared with acceptable sensory qualities. Five variations of cakes were prepared
using refined wheat flour (RWF), Germinated Sorghum Flour (GSF) & Plantain Flour (PF). The control sample (code 1) was
prepared using RWF. Other 4 variations were prepared using different ratios of RWF; GSF & PF were mixed to prepare
cakes rich in fiber. GSF & PF were mixed in equal ratios (1:1) for substituting RWF. The results exhibit that taste (21.96),
flavor (21.73) and texture (21.76) of code 2 is comparable with the taste (22.73), flavor (22.16) and texture (22.06) of code 1.
The code 5 (22.33) was highly acceptable in terms of flavor as compared to control and other variations (Fig. 2). Substitution
of RWF with conventional sources of fiber such as GSF and PF is suitable and bakery products and cakes can be made with
acceptable sensory qualities.

23
22.5
22
21.5
21
20.5
20
19.5
19

COLOR
TASTE
FLAVOUR
TEXTURE

CODE 1

CODE 2

CODE 3

CODE 4

CODE 5

Variations
FIG. 1: SENSORY EVALUATION OF BISCUITS
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FIG. 2: SENSORY EVALUATION OF CAKES
IV.

CONCLUSION

In conclusion, the biscuits and cakes can be made with non-traditional ingredients without affecting the sensory properties of
these products. Germinated sorghum and plantain are low cost ingredients and can be used to replace refined flours. These
flours can also be used for people who suffer from gluten intolerance and need to substitute their diet with gluten free flours.
Resistant starch present in plantain can improve gastrointestinal health and have positive effect of gut microflora. The base
material used for preparation of biscuit and cake is refined wheat flour which is low in fiber. Refined Wheat Flour can be
replaced by fiber rich materials such as plantain flour and germinated sorghum flour. This will lead to the development of
more nutritious products like bakery products (cakes & biscuits). Incorporation of plantain flour & germinated Sorghum flour
in equal ratios (1:1) is useful as it increases fiber content, protein and minerals like calcium, phosphorus etc. in the baked
goods. Refinement of flours has led to a reduction in fiber content of our diets. It is important to address the issue and target
improvement of products where refined wheat flour is a major ingredient.
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