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ABSTRACT

Extrusion technology is a pivotal process in modern food manufacturing, enabling the creation of a diverse array of products with

specific shapes, textures, and nutritional profiles. In the present study, sorghum-based extruded products were developed using

composite flour (sorghum, bengal gram, rice, and beetroot). The snacks developed were - chakli, sticks, fafda, and sev. As

sorghum and Bengal gram are rich source of protein and fiber; beetroot being an excellent source of antioxidants, together they

will offer better functional benefits, so composite flour was prepared mixing them together to get an NDP Cal% of 5 for developing

extruded products. Sensory evaluation of the developed products revealed high overall acceptability, highlighting their potential

as nutritious alternatives to process snacks for managing lifestyle diseases.
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INTRODUCTION

Extrusion cooking is an advanced food processing

technique that combines high temperature, pressure, and

mechanical shear to transform raw materials into shelf-

stable, ready-to-eat products. This method enables the

gelatinization of starch, denaturation of proteins, and

reduction of anti-nutritional factors, while also improving

the digestibility and microbial safety of the final product

(Riaz and Aldrich, 2007; Singh et al., 2007). Its versatility

allows for the incorporation of various ingredients such

as cereal flours, legumes, and functional additives, making

it ideal for developing a wide range of snacks including

pasta, cereals, and meat analogs. Extrusion offers

economic advantages, high productivity, and minimal

waste generation, making it a sustainable option for large-

scale food production (Camire and Krumhar, 1990;

Deshpande and Poshadri, 2011).

In recent years, the use of nutrient-dense grains like

millets and legumes in extruded snacks has gained

attention due to their health-promoting properties. Millets

such as sorghum and pearl millet are rich in fiber,
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antioxidants, and essential minerals, and possess a low

glycaemic index, making them suitable for managing

lifestyle disorders like diabetes and cardiovascular

diseases (Chandrasekara et al., 2012). However, due to

their limited lysine content, blending them with protein-

rich sources such as chickpeas or soy enhances the

overall protein quality of the extruded product (Devi et

al., 2014). Moreover, the addition of vegetables and fruits

by product like beetroot or moringa not only improves

the nutritional profile but also support sustainability by

reducing food industry waste (Stojceska et al., 2008;

Malema, 2005). Thus, extrusion technology presents a

powerful approach to producing low-cost functional

snacks with enhanced nutritional value and wide

consumer acceptance.

The growing consumer demand for healthier snack

options has driven innovation in extrusion technology to

create products that are not only convenient and tasty

but also nutritionally enriched. By utilizing underused

grains like millets and incorporating legumes and

functional ingredients, extruded snacks can address both

macro- and micronutrient deficiencies. This approach
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supports public health nutrition goals, particularly in

developing regions, by providing affordable, shelf-stable,

and nutrient-dense food options suitable for all age groups

(Thilagavathi et al., 2015).

METHODOLOGY

Selection of Raw Materials:

Sorghum millet, bengal gram (besan) flour, and rice

flour were sourced from local markets of Jaipur city.

Sorghum was chosen for its high fiber and functional

properties, while Bengal gram was added to enhance

protein quality and texture. Rice was also added to get a

crispy texture. Spices, including asafoetida, dry mango

powder, cumin, and chili powder, were also procured

locally.

Preparation of Beetroot Flour:

Fresh beetroot was washed, peeled, thinly sliced,

and dehydrated at 60°C until completely dry. The dried

slices were ground into a fine powder and stored in airtight

containers for further use.

Formulation of Composite Flour:

Composite flour was prepared by mixing sorghum,

bengal gram flour, rice flour and beetroot powder in

optimized proportion to get an NDPCal% of 5. Spices

were incorporated to enhance flavour and taste. Water

was added to form a uniform dough suitable for extrusion.

Calculation of NDP Cal%:

The Net Dietary Protein Calorie percent (NDP

Cal%) method relates protein quality to energy intake.

The net dietary protein value is the utilizable content of

the diet. An NDP Cal% of 5 is adequate to maintain

health, so it will be good for adults. The products to be

developed in the present study target the adult population

only, so the composition of ingredients obtaining an NDP

Cal% of 5 was selected as composite flour.

Proximate Analysis of composite flour:

Standard AOAC (2020) methods were used to

estimate moisture, ash, crude fiber, crude protein, crude

fat, and carbohydrate content of the composite flour.

Functional properties of composite flour:

Standard methods were used to assess the functional

properties of developed composite flour.

Nutrients Methods References 

Moisture (g/100) Oven drying AOAC, 2020 

Protein (g/100) Micro kjeldhal method AOAC, 2020 

Ash content (g/100) Muffle furnace AOAC, 2020 

Crude Fibre (g/100) Acid alkali wash AOAC, 2020 

Fat (g/100) Soxhlet extraction AOAC, 2020 

Carbohydrate (g/100) Composite method AOAC, 2020 

Functional Properties References 

Water absorption capacity Ohizua et al.  (2017) 

Swelling capacity Okaka and Potter (1977) 

Oil absorption capacity Ohizua (2017) 

Bulk density Onuwka Method (2005) 

Method for the preparation of extruded snacks:

The production of extruded snack was started by

mixing of the composite flour in a bowl. Then, the spices

were added to it, and the dry ingredients were mixed

thoroughly. The mixture was kneaded in the bowl and

dough was formed. Later, the dough was fed into the

hand extruder and the extrudate was cut into uniform

snack shapes on the butter paper. On the other side, oil

was heated in a wok to 1800-2000C. The extruded

products were fried for 15 min until the product turns to

golden-brown colour. Final products were cooled and

stored in airtight containers.

Sensory Evaluation of developed extruded

products:

A panel of 10–12 members were selected based on

a sensitivity threshold test (ability to detect subtle sensory

differences) to evaluate the developed extruded products

for appearance, aroma, texture, flavor, and overall

acceptability on a 9-point hedonic scale (1 = dislike

extremely, 9 = like extremely). A scorecard was used to

record the responses. Three variations of each product

were developed by incorporating 10g, 20g, and 30g of

the beetroot flour to the composite flour.

Texture analysis of developed extruded products:

The texture analysis of ready-to-eat snacks made

from composite flour with beetroot powder and spices,

was done using texture analyser (make- Scientific and

Digital Systems, model no. TA50/650/L) installed in the

instrumentation laboratory of IIS (deemed to be

University) Jaipur. The developed were light, crispy and

crunchy products were to have an enjoyable eating

experience. Proper extrusion creates a satisfying

puffiness, while the combination of flours provides a

unique feel millet adds a slightly grainy texture, and the
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vegetable flours contribute moisture. Adjusting moisture

content, extrusion temperature, and drying time enhances

the texture, making the snacks appealing and ensuring

they hold up well in packaging.

Calculation of Nutritive Value and Cost:

The Nutritive value of the developed product was

calculated using IFCT, 2017 and the cost of the best

acceptable developed products was calculated based on

market rates, including additional expenses like overhead

and packaging cost.

RESULTS AND DISCUSSION

Composite Flour Preparation:

Raw ingredients were procured from the local

market of Jaipur to prepare composite flour.

The ingredients used for developing composite flour

were sorghum flour (30g), bengal gram flour (40g), and

rice flour (20g). Deshpande and Poshadri, (2011) have

also developed composite flour using Foxtail millet;

Amaranth; Rice; Bengal gram; Cow pea in the ratios of

60: 05: 05: 20: 10 and have revealed that this combination

could be used to produce quality extrudates with

acceptable sensory properties. The composition of the

composite flour was decided on the basis of NDP Cal%

keeping in mind the protein quality. The blend with a NDP

Cal% value of 5 was selected, as it suggests that the

protein source has the highest digestibility and quality,

making it effective in meeting the body’s protein

requirements for adults.

Beetroot flour was incorporated in three variations

i.e. 10g, 20g, and 30g, to assess the acceptability of

developed extruded products. The inclusion of beetroot

flour at varying levels also contributed to enhanced

nutritional value, particularly in terms of protein content

and dietary fiber (Table 1, 2 and 3).

Proximate analysis was then conducted to determine

the moisture, crude fibre, crude fat, crude protein, total

ash, and carbohydrate content of the selected composite

flour by using standard AOAC methods (Table 4).

Table 1 : Different variations of composite flours used for 

calculating NDP Cal% 

Ingredients 321 322 323 324 325 

Sorghum Flour ------ 10g 20g 30g 40g 

Bengal gram flour 40g 40g 40g 40g 40g 

Rice flour 50g 40g 30g 20g 10g 

Oil 10ml 10ml 10ml 10ml 10ml 

Table 2 : NDP Cal% of different variations of composite 

flours 

Composite Flour Energy (kcal) Protein (g) NDP Cal% 

321 398.6 12.5 4.2 

322 396.3 12.6 4.5 

323 394.1 12.8 4.8 

324 391.8 13.0 5.0 

325 389.7 13.2 5.5 

Table 3 : Value addition by beetroot powder to the 

composite flour based on NDP Cal% 

Ingredients 121 122 123 

Sorghum Flour 30g 30g 30g 

Bengal gram Flour 20g 20g 20g 

Rice flour 40g 40g 40g 

Beetroot powder 10g 20g 30g 

Oil 10ml 10ml 10ml 

Table 4 : Proximate composition of the composite flour 

Nutrients Estimated Values (%) 

Moisture 7.50 ±0.38 

Crude Fat 3.35±0.92 

Crude Protein 20.42±7.42 

Carbohydrate 66.28±2.86 

Crude Fiber 4.41±0.04% 

Ash 1.34±0.45 

The proximate composition of the developed

composite flour was compared with similar studies

involving sorghum, rice flour, bengal gram flour (besan),

and beetroot flour.

Moisture:

The moisture content of the composite flour in the

present study was 7.50 ± 0.38%, which is slightly lower

than the values 7.8% and 8.2% as reported by Singh et

al. (2021) and Kaur et al. (2020) respectively for similar

cereal-legume blends. A lower moisture level is desirable

as it may contribute to better shelf stability.

Crude Fat:

The crude fat content was found to be 3.35 ± 0.92%,

aligning closely with Singh et al. (2021), who reported

3.1%, and slightly higher than the 2.8% as observed by

Kaur et al. (2020). The inclusion of gram flour and

beetroot, both containing moderate fat levels, may have

contributed to this value.

Crude Protein:

The crude protein content was notably high at 20.42
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± 7.42%, which surpasses the findings of Singh et al.

(2021) who reported it to be 16.2% and as per Kaur et

al. (2020) findings it was 18.5%. This increase can be

attributed to the higher proportion of bengal gram flour,

known for its rich protein content, along with sorghum’s

contribution.

Carbohydrate:

The carbohydrate content of the present formulation

was 66.28 ± 2.86%, which is comparable to 65% as

reported by Mehta et al. (2019) in a besan and beetroot

flour blend. The use of rice and sorghum flour, both being

carbohydrate-dense, explains the observed level.

Crude Fiber:

The crude fiber content (4.41 ± 0.04%) was slightly

higher (4.0%) than that found by Singh et al. (2015). In

a study by Kaur et al. (2020), it was reported to be 3.9%.

The increase may be due to the addition of sorghum flour

and beetroot powder, which are the recognized sources

of dietary fiber.

Total Ash:

Finally, the ash content was estimated to be 1.34 ±

0.45%, which lies within the range of earlier studies;1.5%

was reported by Singh et al. (2021) and 1.1% was

observed by Kaur et al. (2020). The ash content found

in the composite flour suggests a balanced mineral profile

in the formulation.

To enhance the nutritional, sensory and textural

properties beetroot powder was added to the composite

flour. Mainly, the protein and fiber were improved along

with the color for sensory appeal, making it more suitable

for healthy snack development.

In addition, functional properties such as water

absorption capacity, oil absorption capacity, and swelling

capacity were evaluated to assess the flour’s suitability

for snack preparation (Table 5).

et al. (2021), who reported values ranging from 0.70 to

0.85 g/ml for similar composite blends, indicating

favourable packing and flow properties.

Water Absorption Capacity (WAC):

The water absorption capacity was recorded as 2.37

± 0.58 g/g, comparable to the findings of Singh et al.

(2020), who observed values between 1.2 and 2.5 g/g

for cereal-legume blends, suggesting good water-binding

potential.

Oil Absorption Capacity (OAC):

The oil absorption capacity was 1.25 ± 0.05 g/g,

aligning with the range reported by Rani et al. (2018),

indicating effective fat-binding ability, which enhances

mouthfeel and flavor retention in food products.

Swelling Capacity:

The swelling capacity of the composite flour was

5.83 ± 0.98 g/g, similar to the range (4.5–6.0 g/g) reported

by Adebayo et al. (2019), indicating good starch

expansion and suitability for extruded product formulation.

The dietary fibre in extrude soybean residue had

higher water retention capacity, oil retention capacity and

swelling capacity than those of dietary fibre in unextruded

soybean residue (Jing and Chi, 2013).

The developed extruded products—Chakli, Sticks,

Sev, and Fafda-were prepared from the composite flour

consisting of rice flour, sorghum flour, Bengal gram flour,

and beetroot powder. The sensory evaluation of the

developed extruded products was carried out using a 9-

point hedonic scale by a panel of 10 semi-trained judges

selected through a sensitivity threshold test. The

parameters assessed were appearance, color, flavor,

texture, taste, and overall acceptability.

Development and sensory evaluation of RTE

extruded products:

Sensory evaluation is a critical aspect of product

development, as it helps determine consumer acceptability

based on organoleptic properties. A semi-trained panel

assessed the samples using a 9-point hedonic scale,

focusing on attributes such as appearance, texture, taste,

colour and overall acceptability.

In the present study, a pilot study was conducted to

evaluate consumer preferences regarding the overall

acceptability of developed extruded product (Chakli).

Based on the results, four traditional snack products

Table 5 : Functional properties of the composite flour 

Functional Properties Estimated Values 

Bulk density (g/ml) 0.78±0.07 

Water absorption capacity (g/g) 2.37±0.58 

Oil absorption capacity (g/g) 1.25±0.05 

Swelling capacity (ml/g) 5.83±0.98 

Bulk Density:

The bulk density of the composite flour was found

to be 0.78 ± 0.07 g/ml, which is in agreement with Kale
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namely -Chakli, Sticks, Sev, and Fafda were formulated

using composite flour blends. Three variations of each

product were developed. In the developed variations, 10g,

20g and 30g of beetroot powder was added to the

composite flour.

Chakli:

The control Chakli (321) was made with rice flour,

sorghum flour and bengal gram flour, while to the

variations 322, 323 and 324;beetroot powder was

incorporated in the amount 10 g, 20 g and 30 g

respectively. The findings of the sensory evaluation

revealed that Chakli 322 showed the best sensory

acceptance with scores of colors (8.0), texture (8.2), taste

(8.1), appearance (8.1), aftertaste (8.0), and overall

acceptability (8.8). The moderate pinkish hue and crunchy

texture made it highly likable. Chakli 323 (20 g beetroot)

had a slight dip in taste and aftertaste scores, while Chakli

324 (30 g beetroot) showed a noticeable decrease in

acceptability due to a bitter taste, earthy flavor and intense

colour (Fig. 1 and Graph 1).

Sticks:

Sticks with code no. 422 stood out with sensory

scores of colors (8.1), texture (8.1), taste (8.2),

appearance (8.2), aftertaste (7.9), and overall

acceptability (8.7). Its crisp bite and subtle flavour were

well appreciated. However, as beetroot concentration

increased in Stick 424, the scores for taste and aftertaste

declined significantly due to the strong earthy flavor,

making it least preferred (Fig. 2 and Graph 2).

Sev:

Sevcoded as 522 achieved the highest acceptance

with colour (8.1), texture (8.0), taste (8.2), appearance

(8.1), aftertaste (7.9), and overall acceptability (8.6). The

appearance and mouthfeel were enhanced with the

addition of 10 g beetroot powder. Sev 523 received

moderate ratings, while Sev 524 scored the lowest for

taste and aftertaste due to the bitterness and taste,

reducing its acceptability (Fig. 3 and Graph 3).

Fafda:

Fafda 622 emerged as the best version with scores:

colour (8.2), texture (8.1), taste (8.2), appearance (8.1),

aftertaste (8.0), and overall acceptability (8.8). It offered

a balanced flavour and light crunchy texture. Fafda 624,

which contained 30 g beetroot powder, was less liked

Fig. 1 : Different variations of Chakli

Graph 1 : Graphical representation of sensory

characteristics of Chakli

Fig. 2 : Different variations of Sticks

Graph 2 : Graphical representation Sensory

characteristics of Sticks
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Similar findings were reported by other researchers

like, Fiorentini et al. (2020) conducted sensory evaluation

of sorghum and green gram-based extruded snacks using

a semi-trained panel and 9-point hedonic scale. Their

study showed improved acceptability with legume

incorporation, particularly due to enhanced taste and

texture. Likewise, Kaur et al. (2020) developed the

extruded products using chickpea-sorghum blend and

mung bean-sorghum blend, among the different variations,

the highest preference was recorded for 20:80 blend ratio

of chickpea –sorghum and 30:70 blend ratio of mung bean

–sorghum.

Moreover, Chavan et al. (2016) studied finger millet

and bengal gram extrudates and found that bengal gram

improved taste and mouthfeel, with best results at 30%

inclusion. These findings align with the present study’s

positive response to bengal gram and sorghum-based

products. The current work is distinctive in applying

extruded technology to culturally familiar Indian snacks,

offering a novel approach to creating nutritious, acceptable

snack options.

Texture analysis of the best acceptable variation of

all the developed extruded products and the control sample

was done by the texture analyzer. The parameters

assessed were – hardness, fructurability, peak force and

force at target. It was observed that the hardness of

control chakli (7607.53g) was more than the chakli

(4715.58g) sample containing 10 g of beetroot powder.

The fructurability and peak force were also found to be

reduced in Chakli containing 10% beetroot powder.

Similar results were reported by Sinaki and Koksel (2024),

where incorporation of red lentil hull at 10% to 20% did

not have a significant effect on extrudate hardness. On

the contrarily, It has been shown that an increase in fibre

content results in the creation of a microstructure with

fewer cells and thicker cell walls and, therefore, overall

less expanded and harder extrudates (Shirazi et al., 2020).

In a study it was revealed that incorporation of carrot

powder to the extrudate demonstrated the most promising

physical properties results for creating pulse-based

snacks. Notably, overall, carrot powder containing

extrudates had higher expansion, brighter colour, lower

hardness and higher crispness (Sinaki and Koksel, 2024)

(Table 6). 

It was observed that the hardness of Sev containing

10g of beetroot powder was almost double (809.10g) as

compared to control Sev (412.76). The fructurability was

almost similar in both the products. The peak force was

Fig. 3 : Different variations of Sev

Graph 3 : Graphical representation Sensory

characteristics of Sev

Fig. 4 : Different variations of Fafda

Graph 4 : Graphical representation of Sensory

characteristics of Fafda

due to its bitter aftertaste and overly dark colour,

negatively affecting sensory perception (Fig. 4 and Graph

4).
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found to be reduced in Sev containing 10g beetroot

powder. The positive area of variation 322 increased by

approximately four times whereas force at target was

reduced (Table 7).

In the present study, it was observed that the

hardness of Sticks containing 10g of beetroot powder

was almost double (3120.04g) as compared to control

Sticks (1684.80g). The fructurability was almost similar

in both the products; incorporation of beetroot powder

did not show any change in the fructurability. The peak

force was found to be reduced drastically in code no.

522containing 10g of beetroot powder. The force at the

target was remarkably reduced in sample 522 (Table 8).

Table 6 : Texture analysis of the best acceptable chakli against the control 

Batch Hardness (g) Fracturability (mm) Peak force (g) Positive area (g.sec) Force at target (g) 

Chakli (Control) (321) 7607.53 -119.04 5018.709 3369.385 107.974 

Chakli (Variation) (322) 4715.58 -199.32 3253.133 3709.385 1.985 

Table 7 : Texture analysis of the best acceptable Sev against the control 

Batch Hardness (g) Fracturability (mm) Peak force (g) Positive area (g.sec) Force at target (g) 

Sev (Control) (421) 412.76 -125.73 421.763 40.387 0.271 

Sev (Variation) (422) 809.10 -125.35 136.180 150.865 -0.428 

Table 8 : Texture analysis of the best acceptable Sticks against the control 

Batch Hardness (g) Fracturability (mm) Force cycle area (g) Positive area (g.sec) Force at target (g) 

Sticks (Control) (521) 1684.80 -119.79 624.835 234.284 485.906 

Sticks (Variation) (522) 3120.04 -120.74 143.970 443.230 5.021 

Table 9 : Texture analysis of the best acceptable Fafda against the control 

Batch Hardness (g) Fracturability (mm) Force cycle (g) Positive area (g.sec) Force at target (g) 

Fafda (Control) (621) 421.84 -127.14 421.844 79.010 0.572 

Fafda (Variation) (622) 128.50 -125.02 128.498 39.103 -0.362 

Table 10 :  Calculation of the nutritional value of the developed snacks 

Ingredients Quantity Energy Protein Fat Carbohydrate 

Composite flour  100gm 311.3 Kcal 10.3 g 4.1 g 62.0 g 

Table 11 : Cost of the best acceptable variation 

Ingredients Quantity Unit Market Price Cost (Rs.) 

Sorghum flour 30 gm Rs. 45/kg 1.35 

Bengal gram flour 20 gm Rs. 100/kg 2.00 

Rice flour 40 gm Rs. 55/kg 2.20 

Beetroot flour 10 gm Rs. 2000/kg 20.00 

Refined oil 50 ml Rs. 135/litre 6.75 

Overhead Cost (10%)   3.23 

Packaging cost   6.00 

Spices cost (5%)   1.62 

Total Food Cost — — 43.15 

The current study concluded that the Fafda

incorporated with 10g of beetroot powder has far less

hardness (128.50g) as compared to the control sample

(421.84g). The fructurability was almost similar in both

the products revealing that addition of beetroot powder

did not have any effect on it. The peak force was reduced

by 50% in code no. 622containing 10g beetroot powder.

The force at target was remarkably reduced in the code

no. 622 (Table 9).

Calculation of the nutritional value of the developed

snacks:

The nutritional composition of the best acceptable
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variation of developed extruded products was calculated

using IFCT (Longvah, 2017) (Table 10).

Cost of the best acceptable variation:

Finally, the cost of the best acceptable variation was

calculated to assess its economic feasibility. The total

cost included the food coast, overhead cost and packaging

cost (Table 11).

The best acceptable products were developed using

the composite flour having 5 NDP Cal%. The developed

extruded products were nutritionally rich, texturally

suitable, and cost-effective, with a total cost rounded off

to Rs. 44.00.

Summary and Conclusion:

Composite flour was developed using locally sourced

ingredients and evaluated for NDP Cal%, proximate

composition, and functional properties. The blend with

NDP Cal% above 5 was selected for product

development. Four snacks—Chakli, Stick, Sev, and

Fafda—were prepared and evaluated through sensory

and texture analysis. Nutritional values were calculated

using IFCT data. The most acceptable variation was

found to be high in protein and energy, texturally

acceptable, and economical, with a total cost of Rs. 44.00.
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