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Standardization and evaluation of RTE extruded corn-pearlmillet snacks 
incorporated with kidney bean or green gram flour: A comparative study
Yudhbir Singh1, Raj Bala Grewal1*, Manisha Malik2* and Aastha Dewan2

ABSTRACT
The presentstudy aimed to develop ready-to-eat extruded snacks by 
incorporating kidney bean flour (0-25%) or green gram flour (0-25%) in a corn-
pearlmillet (70:30) flour blend. All flours were tested for their compositional 
and nutritional parameters (crude fibre, carotenoid, phyticacid, polyphenols, 
iron, zinc, and total dietary fibre). Evaluation of pasting characteristics, water 
absorption, and dough extensibility of flours and physical (bulk density, 
expansion ratio, sectional expansion index, and hardness) and sensory 
properties of extruded snacks weredone. The addition of pulses reduced 
pasting values, resistance to extension, and extensibility of flour while 
increasing water absorptions significantly (p<0.05). Physical properties and 
sensory characteristics of extrudates were also significantly (p<0.05) reduced by 
pulses addition. However, considering nutritional aspects, kidney bean flour 
up to 15% or green gram flour up to 10% is recommended to be incorporated 
for obtaining extrudates of desirable quality. Both pulses hadsimilar effects 
on product quality, but the use of green gram flour is preferred over kidney 
bean due to its minimum anti-nutritional factors available in the resulting 
product. 
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INTRODUCTION

Extrusion technique is applicable in food sector 
for the manufacturing of expanded snacks, and 
it is also advantageous over other manufacturing 
techniques due to its versatility, flexibility, low cost 
and continuity of production (Guzmán-Ortíz et al. 
2014). In general, starchy components like wheat, 
rice, or corn are used to produce these expanded 
snacks. Demand for healthy, nutritious, palatable 
and ready-to-eat snacks is increasing because 
of consumer health concerns and their lifestyle. 
Extrusion cooking is a low-cost, high-temperature, 
quick processing technique that results in food 
products with good nutrition (Rolandelli et al. 
2020, Jing et al. 2013). Extrusion process boosts 
the bioavailability of numerous nutrients while 
reducing a number of anti-nutritional factors such 
tannins, phytate, and trypsin inhibitor (Thavarajah 
et al. 2010). Extrusion cooking is a popular method 
for processing food that uses both protein and 
starch as basic materials to create high-quality food 
items for pet feeds, cereals, and snacks (Lin et al. 
2000). Corn flour is the most used ingredient for 
the development of extruded snacks with a crispy 

structure (Guzmán-Ortíz et al. 2014). Compared 
to other cereals, corn has comparable nutritional 
components: 28-80 % carbohydrate, 9.1–15% 
protein and 10-15% fiber (Singleton et al. 1965). 
Characteristics of corn also favor extrusion process 
for making snacks which are more popular among 
children (Prasadi et al. 2020).

Multigrain, legumes, and millets can be 
used into the formulation process to increase 
the nutritional value of corn-based extrudates 
(Ainsworth et al. 2007). Pearlmillet (Pennisetum 
glaucum), a drought-resistant crop containing 11% 
protein, 5% fat, 67.5% carbohydrate, 1.2% fibre and 
2.3% mineral can be incorporated in corn-based 
snacks for improving nutrition. Pearl millet is also 
helpful in reducing blood glucose level (Kaur et al. 
2015). Pearl millet contains more oil than maize, 
due to which is referred to as a “high-energy” 
grain (Krishnan et al. 2018). An important source 
of iron and zinc, pearl millet offers an easy way to 
address micronutrient deficiency in millet-eating 
countries and has the potential to be used to make 
dishes that are high in nutrients. Methionine and 
lysine content in pearl millet is 40% higher than 
in maize (Leder 2004). Incorporation of 25% pearl 
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millet to corn extrudates improved microstructural, 
nutritional and physicochemical characteristics of 
extrudates. Protein, crude fibres and bulk density 
were increased while total carbohydrates, hardness 
and expansion ratio were reduced (Saini 2015).

Due to their high concentration of important 
amino acids lysine and tryptophan, pulses are 
also frequently added to cereal blends to increase 
their protein content. Although kidney bean flour 
(Phaseolus spp. L.) is well known for its fiber, mineral, 
and protein contents, its nutraceutical benefit in the 
prevention of chronic diseases has not yet received 
as much attention (Dinelli et al. 2006). Phaseolus 
vulgaris L., a type of red kidney bean, is rich in dietary 
fiber, carbohydrates, vitamins, minerals, and a wide 
range of phytochemicals. However, its high protein 
content, which is 2-3 times that of cereal grains, is the 
most significant aspect of its nutritional relevance 
(Mindi and Aluko 2012). Numerous studies on the 
addition of legumes to baked goods and other food 
products to improve their nutritional and functional 
properties have been conducted (Awolu et al. 2017). 
Green gram (Vigna radiata), also known as mung 
bean is a drought-tolerant crop of Pakistan and 
India. It contains 20-22% protein content, making 
it one of the easily digestible legumes (Fuller et al. 
2001). 

The goal of the current study was to develop 
and compare protein-rich RTE extruded snacks 
made by incorporating kidney bean flour or green 
gram flour to corn-pearl (70:30) millet flour blend. 
The question is whether the physicochemical, 
sensory and nutritional characteristics of produced 
ready-to-eat extruded snacks are affected.

MATERIALS AND METHODS

Corn (HQPM-I) was procured from the 
Regional Research station, Uchani, Karnal. 
Pearlmillet (WHC-901-445), green gram (MH-
421) and kidney beans were procured from the 
Department of Plant Breeding, CCSHAU, Hisar. 
Corn and pearl millet grains were cleaned for 
extraneous matter and flour was prepared by 
milling using Brabander Quardamat Junior Mill. 
Pulses were cleaned, sorted, conditioned, dried, 
de-hulled andground to obtain Kidney Bean Flour 
(KBF) and Green Gram Flour (GGF).

Methodology

Raw materials were studied for their 
compositional and nutritional parameters (crude 
fibre, carotenoid, phyticacid, polyphenols, iron, 

zinc and total dietary fibre). Based on preliminary 
studies, mixture of corn and pearl millet flours in 
the ratio of 70:30 was considered as the base flour 
(control) for incorporating kidney bean flouror 
green gram flour. Different blends of flourwere 
made by incorporating kidney bean flour (0-25%) or 
green gram flour (0-25%) in base flour. Evaluation of 
pasting characteristics, water absorption and dough 
extensibility of flour blends and physical (bulk 
density, expansion ratio, sectional expansion index 
and hardness) and sensory properties of extruded 
snacks made using these different flour blends was 
done. Extruded snacks made using the best selected 
corn-pearl millet-kidney bean or corn-pearl millet-
green gram flour blends were further tested for 
compositional and nutritional properties.

Analytical procedures

Crude protein, crude fat, ash, crude fibre, 
carbohydrate, total dietary fibre and energy were 
analyzed using AOAC method (AOAC 1995). 
Energy was calculated using a factorial method.

Energy (Kcal/100g)= 4.0× (% protein)+ 4.0 × 
(% carbohydrate) +9.0 × (% fat)

Phytic acid was analyzed using the procedure 
described earlier (Huag and Lantzsch 1983). Total 
polyphenol was found using Folin-Ciocalteu 
reagent method (Sharma et al. 2022). Mineral content 
was analyzed using a wet digestion procedure. 
The filtrate was then studied for minerals by using 
Atomic Absorption Spectrophotometer (Lindsay 
and Norwell 1969). Pasting characteristics (Rapid 
Visco Analyzer, Newport Scientific Australia), water 
absorption and dough extensibility and texture (TA 
XT Plus Texture analyzer, Stable Micro System, 
UK) were studied as per standard method (AACC 
1995). Bulk density was determined according to 
the method described by earlier (Pandey et al. 2009). 
Expansion ratio was analyzed using the procedure 
described by Harper (1981). The Sectional Expansion 
Index was analysed employing the method 
described by Alvarez-Martinez et al. (1988). Sensory 
evaluation was employed using 9-point Hedonic 
scale by a panel of eight semi-trained judges. Total 
carotenoid was estimated calorimetrically as per 
the standard procedure(AOAC 1980).

Preparation of ready-to-eat extruded snacks

Control sample contains corn-pearlmillet 
(70:30) flours. Incorporation of kidney bean flour 
(0-25%) or green gram flour (0-25%) in corn-pearl 
millet base flour was done and resulting flour 
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blends were processed using twin screw extruder 
(BTPL, India). Feed moisture and feed rate were 
maintained at 10-18 % and 11-19 kg/hr, respectively. 
Material was heated to 100-150ºC for 10-20 sec and 
forced to nozzle where pressure varied from 20-
40 atm. Resulted extrudates were cuts into pieces 
using rotating cutter fixed at nozzle and collected in 
a trough. Ready-to-eat extrudates were then packed 
and stored for further analysis (Singh et al. 2024).

Statistical analysis

Results have been presented as ± SD. Data 
analysis was done by one-way analysis of variance 
through the IBM SPSS Statistics 21. Tukey’s test 
was performed for checking the significance of 
differences between the mean values (P< 0.05).

RESULTS AND DISCUSSION

Analytical results of cereals and pulses flours

Nutritional profile of cereals and pulses flours 
is represented in Table 1. Pearlmillet flour was 
found nutritionally dense as compared to corn 
flour, thus, making it desirable for its inclusion in 
corn-based extruded snacks. Corn comprised of 
11.2g protein 2.2g crudefat, 1.5g ash, 2.4g crude 
fibre and 82.7g carbohydrates per 100g, which are 
in agreement with results reported earlier (Singh 
2006). Pearlmillet contained 13.8g protein, 4.6g fat, 
2.5g ash and 1.5g fibre per 100g which are consistent 
with earlier finding (Pan et al. 1998). Phytic acid 
is storage form of phosphorus contributing 1-5% 
to weight of phosphorus available in cereals, 
legumes, oil seeds, and nuts (Wang et al. 2002). It 
is considered as an anti-nutrient due to its ability 
to form chelate with other micronutrients present 
in food, thereby, hindering their absorbance and 
bioavailability (USDA 2019). Phytic acid content 
of corn and pearl millet was 179 and 140 mg/100g, 
respectively. Polyphenols may be responsible for 
bitterness, astringency, color, flavor, odor and 
oxidative stability of foods. A polyphenol-rich diet 
can significantly slow the onset and progression of 
a number of chronic pathological illnesses including 
cancer, diabetes, cardiovascular disease, and aging 
(Britton and Hornero-Méndez 1997). Polyphenol 
content of corn and pearlmillet was 62 and 79.4 
mg/100g, respectively. Carotenoids, molecules 
of lipophilic nature contribute to yellow, orange, 
and red colors to foods. Cereals have lower levels 
of carotenoids than fruits and vegetables. Yellow-
genotype corn (Zea mays) may be named as the grain 
with the highest concentrations (up to 6.3 mg/100g) 

of these phytochemicals (Moros et al. 2002, Ikeda et 
al. 2006). Total carotenoid content of corn was found 
to be1.97mg/100g. Cereals and their derivatives are 
considered to be good dietary sources of several 
minerals. Iron and zinc content of corn flour was 
2.6 and 0.9 mg/100g, respectively. While iron and 
zinc content of pearlmillet flour was 8.1 and 2.2 
mg/100g, respectively which is higher than that in 
corn flour. Thereby, incorporation of pearl millet 
will also enhance these minerals in snacks. Ikeda et 
al. observed 4.46 and 2.70 mg/100g iron and zinc in 
corn flour, respectively (Ikeda et al. 2006). Though, 
Nambiar et al. (2011) found 8.0 and 3.1 mg/100g iron 
and zinc in pearlmillet flour, respectively. Dietary 
fibres are defined as “carbohydrates with a degree 
of polymerization of 3 or more that naturally occur 
in foods of plant origin and that are not digested 
and absorbed by the small intestine”. Cereals are 
among good sources of dietary fibres (www.canada.
ca accessed on 28 July 2023). Total dietary fibre 
content of corn and pearl millet was 9.8 and 16.4 
g/100g, respectively. Prasadi and Joye reported 
that dietary fibre of corn grains varies from 3.7% to 
19.9% (Pasandi and Joye 2020). Results of corn flour 
are also consistent with the report presented by 
USDA (USDA 2019). Therefore, substitution of corn 
flour with pearl millet flour will result in a product 
with higher nutritional value.

Kidney bean flour contained 21.5g protein, 
2.3g fat, 2.5g ash and 2.5g fibre. Hiran et al. (2011) 
also reported 21.68g protein, 1.74g fat, 4.96g ash 
and 2.34g fibre in kidney bean flour. Variation in 
proximate composition might be due to difference 
in varieties used and other climatic factors. Green 
gram flour contained 22.7g protein, 1.8g fat, 2.5g 
ash, 4.1g fibre. Similar values were observed 
earlier (Banerjee and Chakraborty 2009). Phytic 
acid and polyphenol were about two times higher 
in kidney bean flour in comparison with that in 
green gram flour. Khattab and Arntfield observed 
phyticacid and polyphenol content in various 
varieties of kidney bean in the range of 1158-1188 
and 2666-6709mg/100g, respectively (Khattab and 
Arnfield 2009). Green gram had higher amount 
of Fe and Zn as compared to that in kidney bean 
flour while total dietary fibre was found higher in 
kidney bean flour. Results indicate that pearl millet 
and green gram are more nutritious than corn and 
kidney bean, respectively.

Pasting characteristics of flour blends

Results of these characters are presented in Fig. 
1. RVA is a useful tool for assessing the viscosity 
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of food samples and for establishing correlation 
between functionality and structural characteristics. 
Peak, trough, breakdown, final viscosity and set 
back viscosity of control sample was 1004, 751, 
253, 2019 and 1268cP, respectively. With increase 
in level of kidney bean flour, peak, trough, 
breakdown, final and setback viscosities decreased 
significantly however no significant differences in 
peak time, pasting temperature and gelatinization 
temperature were observed. The possible reason 
behind the reduction in pasting characteristics 
might be the dilution of cereal starch with complex 
carbohydrates of pulse flours and nature of legume 
starches (Krishnan and Meera 2018). Higher protein 
level in legumes can inhibit the swelling of starch 
granulethereby reducing the viscosity (Hamid et al. 
2015).

Table 3.	 Nutritional information of RTE extruded 
snacks per 100g

Parameter Control C B
Protein, g 11.80±0.06a 13.44±0.09c 12.95±0.12b

Fat, g 2.82±0.09a 2.84±0.46a 2.62±0.22a

Moisture, g 2.83±0.92a 2.42±0.49a 2.96±0.84a

Ash, g 1.80±0.18a 1.83±0.13a 2.12±0.08a

Crudefibre, g 1.87±0.11ab 1.62±0.21a 2.28±0.18b

Carbohydrate, g 80.42±0.30a 79.47±0.36a 79.35±0.78a

Energy, kcal 394.23±1.78a 397.20±4.56a 385.29±8.86a

Total dietary fibre, g 11.60±0.53a 11.69±1.15a 11.54±0.03a

Totalcarotenoids, mg 0.83±0.06a 0.86±0.47a 0.89±0.06a

Minerals
Fe, mg 3.31±0.13a 3.41±0.10a 3.40±0.04a

Zn, mg 1.30±0.01a 1.40±0.16a 1.51±0.11a

Antinutritionalfactors
Phyticacid, mg 57.28±0.21a 84.97±0.48c 62.96±0.19b

Polyphenols, mg 14.19±0.17a 62.81±1.17c 34.87±0.50b

Control-Corn: pearlmillet (70:30), C-sample having 15% kidney 
bean flour, B- sample having 10% green gram flour. Values are 
mean± S.D of three replicates. Different superscript letters in 
same row are significantly (p<0.05) different.

Table 1.	 Analytical results of cereals and pulses flours per 100g

Parameter Corn flour Pearlmillet flour Kidney bean flour Green gram flour
Crude protein, g 11.2±0.25a 13.8±0.5b 21.5±0.05c 22.7±0.15d

Crude fat, g 2.2±0.25a 4.6±0.04b 2.3±0.25a 1.8±0.2a

Ash, g 1.5±0.03a 2.5±0.04b 2.5±0.03b 3.6±0.4c

Total dietary fibre, g 9.8±0.5a 16.4±1.2b 16.5±0.3b 14.8±0.2b

Crude fibre, g 2.4±0.25b 1.5±0.01a 2.5±0.1b 4.1±0.1c

Carbohydrate, g 82.7±0.20d 77.6±0.2c 71.2±0.12b 67.8±1.4a

Energy, kcal 395.4±4.05bc 407.0±2.44c 391.5±2.93b 378.2±8.0a

Phyticacid, mg 179.0±1.2b 140.0±0.5a 1120.0±1.2d 580.0±2.0c

Polyphenols, mg 62.0±0.05a 79.4±0.1b 4300.0±1.1d 420.0±0.5c

Iron, mg 2.6±0.1a 8.1±0.5d 4.2±0.2b 7.2±0.4c

Zn, mg 0.9±0.4a 2.2±0.15bc 1.8±0.02b 2.6±0.3c

Values are mean±SD of three replicates. Different superscript letters in same row are significantly (p<0.05) different.

Table 2.	 Effect of pulses flours on flour blends and end-product quality
Pulses Level (%) Water

Absorption
(%)

RM (kg) E Bulk density 
(g/cc)

Expansion
Ratio

Sectional
Expansion

Index

Hardness 
(kg)

Overall 
acceptability*

Kidney bean 
flour

0 58.5±0.3a 0.0163±0.0002d 19.04±0.02c 0.056±0.001a 3.83±0.02e 14.55±0.20e 5.76±0.08a 8.3±0.20d

5 58.5±0.4a 0.0161±0.0002cd 18.84±0.02bc 0.063±0.001b 3.63±0.04d 13.15±0.31d 6.18±0.06ab 8.3±0.30cd

10 59.5±0.2b 0.0156±0.0002bc 18.76±0.02abc 0.067±0.001c 3.53±0.04d 12.46±0.31d 6.68±0.01bc 7.9±0.02cd

15 60.5±0.2c 0.0150±0.0010b 18.76±0.03abc 0.070±0.001c 3.35±0.05c 11.22±0.32c 6.84±0.02c 7.8±0.01c

20 61.0±1.0c 0.0140±0.0000a 18.41±0.05ab 0.077±0.001d 3.19±0.05b 10.15±0.32b 7.30±0.00d 7.4±0.35b

25 62.5±0.5d 0.0138±0.0000a 18.37±0.10a 0.079±0.002e 2.81±0.02a 7.89±0.14a 8.31±0.01e 6.6±0.40a

Green gram 
flour

0 58.5±0.3a 0.0163±0.0000d 19.04±0.10c 0.056±0.001a 3.83±0.02e 14.55±0.20e 5.76±0.08a 8.3±0.01d

5 58.5±0.3a 0.0152±0.0000cd 18.94±0.20bc 0.066±0.001b 3.46±0.01d 11.99±0.10d 6.13±0.02ab 7.9±0.03cd

10 59.5±0.4b 0.0151±0.0001bc 18.85±0.35abc 0.074±0.001c 3.27±0.04d 10.69±0.30d 6.54±0.02bc 8.1±0.20cd

15 60.5±0.3c 0.0145±0.0001b 18.77±0.05abc 0.078±0.001c 2.96±0.05c 8.76±0.30c 7.89±0.00c 7.7±0.12c

20 61.0±1.0c 0.0127±0.0001a 18.77±0.40ab 0.082±0.002d 2.69±0.06b 7.26±0.31b 9.14±0.02d 6.3±0.08b

25 62.5±0.5D 0.0122±0.0000A 18.60±0.40A 0.095±0.002E 2.54±0.05A 6.44±0.23A 9.95±0.03E 6.0±0.12A

RM represents Resistance to extension, i.e., maximum force represent Extensibility, i.e., distance at maximum force. Values are mean±S.D. 
of three replicates (*eight replicates). Different superscript letters in same column are significantly (p<0.05) difference 
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Water absorption and dough extensibility of flour 
blend

The effects of pulse flour on flour blends 
and its end-product quality are summarized in 
Table 2. RM represents resistance to extension, i.e., 
maximum force E represents extensibility, i.e., 
distance at maximum force. Water absorption 
of control sample was 58.5%. With increasing 
addition of kidney bean flour, water absorption 
increased gradually, however, significant increase 
was noticed at and above 15%. Similar results 
regarding water absorption were observed with the 

incorporation of green gram flour (5, 10, 15, 20 and 
25%). Force required to break dough and distance 
at maximum force of control sample were 0.0163 kg 
and 19.04 mm, respectively. A significant decline 
in the force required to break dough was observed 
with every 5% increment in pulses flours. While no 
significant change in the distance at maximum force 
of dough was observed after adding either kidney 
bean or green gram flour. Results indicate that with 
the incorporation of different pulses flours, dough 
had less resistance to extension and no change in 
extensibility was seen. The reason for this decline 

Fig. 1. Effect of addition of kidney bean flour (KBF) and green gram flour (GGF) on the pasting characteristics of corn-pearl 
millet (70:30) flour.

Fig. 2.  Representation of extruded product where Control- Corn: pearlmillet (70:30), C-sample having 15% kidney bean 
flour, B- sample having 10% green gram flour.
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is the dilution of gluten starch network as nature 
of pulse protein differs from that of cereal protein. 
Coțovanu and Mironeasa (2021) also observed 
the decline in wheat dough extensibility when the 
percentage of amaranth flour and its particle was 
increased from 5% to 20%. Dilution of the gluten 
network due to increase in proportion of amaranth 
flour possible reason as stated by the researchers.

Physical properties of extruded snacks

Physical properties play an important role in 
selecting extruded food for a particular application. 
End-product quality parameters such as bulk 
density, expansion ratio, sectional expansion 
index, hardnessare presented in Table 2. Degree 
of expansion or puffing in the extruded food is 
indicated by bulk density. Expansion is also an 
important physical aspect for extrudates greatly 
influencing consumer acceptability (Asare et al. 
2004). Hardness is the peak force required for a 
probe to break the extruded snacks. The higher 
the value of maximum peak force required, higher 
will be the hardness of snacks. The bulk density, 
expansion ratio, sectional expansion index and 
hardness of control extrudates were 0.056g/cc,3.83, 
14.55 and 4.08kg, respectively. With every 5% 
increase in level of kidney bean flour; bulk density 
and hardness were increased significantly whereas 
expansion ratio and sectional expansion index were 
found to be reduced significantly. Similar pattern in 
bulk density, expansion ratio, sectional expansion 
index and hardness of extrudates was observed 
when green gram flour (5, 10, 15, 20 and 25%) was 
used. Similar results have been reported by Anton et 
al. (2009) who assessed the physicaland nutritional 
effects of use of common beans in corn starch 
based extruded snacks. Reduced corn starch and 
increased protein and fibres after pulse flour use 
may be the cause for lower expansion. Interaction 
between these components and starch resulted in 
the products with lower expansion (Brennan et 
al. 2008). Higher protein leads to less expansion 
(Lakshmi et al. 2012). When soybean and green gram 
were experimented for formulating  cereal-based 
extrudates, slight decline in the expansion ratio 
and an increase in volume with every 5% increase 
in the  level of density and hardness  with protein 
inclusion  and additional pulses were observed 
which resulted in a stiff structure and greater 
resistance to shearing (Sreerama et al. 2008).

Overall acceptability of extruded snacks

Overall acceptability of extruded snacks is 

presented in Table 2. Average scores of colour 
and appearance, taste, aroma, texture and overall 
acceptability of control RTE extruded snacks 
were 8.0, 8.5, 8.5, 8.0 and 8.3, respectively. With 
the incorporation of kidney bean flour up to 
10%, no significant change in any of the sensory 
attributeswas observed. Further increasing the level 
of kidney bean flour decreased the average scores 
for texture and taste. Thereby, overall acceptability 
was found to be decreased. Therefore, extrudates 
containing 20% kidney bean flour were adjudged 
by the sensory panelists. Similarly, Agathian et al. 
(2015) developed an optimized formula of extruded 
snacks with kidney bean flour where overall 
acceptability was 8.4 with 11.73% of kidney bean 
flour, on the contrary, it decreases to 6.1 hedonic 
score when snack was formulated with 68% of 
kidney bean flour. Thus, it was deduced that 
increasing percentage of kidney bean flour results 
in the decline of overall acceptability of developed 
extruded snacks. 

With the incorporation of green gram flour 
up to 10%, no significant change in any of sensory 
attributes except color and appearance was 
witnessed. A furtherrise in level of green gram 
flour reduced scores for taste, aroma and texture. 
Thereby, overall acceptability was found to be 
decreased. Extrudates containing 15% GGF were 
adjudged by the judges. Therefore, to prepare value 
added RTE extruded snacks, the formulation 70:30 
(corn: pearlmillet) containing 15% kidney bean 
or 10% green gram flour were found better for 
attaining quality extrudates.

Nutritional information of extruded snacks

The nutritional profile of extruded snacks are 
summarized in Table 3. As compared to control 
sample, incorporation of pulses flour either kidney 
bean or green gram, increased protein content and 
phytic acid and polyphenol levels in the resulted 
products. Availability of higher concentration of 
these compounds is due to the addition of pulses 
with anti-nutrients. While, comparing kidney bean 
and green gram extrudates, RTE extruded snacks 
having green gram or mung bean were found more 
nutritious because these have less anti-nutrients than 
snacks containing kidney bean flour. Apart from 
being rich source of protein, vitamins, minerals and 
dietary fibers, green gram also contains appreciable 
amount of galactooligosaccarides considered 
as prebiotics (Mekkaranikarthil et al. 2021). In 
addition to being a healthy diet, green gram has 
significant beneficial effects such antioxidant, anti-
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inflammatory, anti-cancer, and hypolipidemic 
actions (Pastor-Cavada et al. 2011), thus serving as a 
potential nutraceutical in the diet.

CONCLUSION

In conclusion, pulses can be the potential 
ingredient to develop protein-rich extruded snacks. 
However, to consider its anti-nutritional factors and 
sensory impact on end-product, it was manifested 
that kidney bean flour up to 15% or green gram flour 
up to 10% can only be incorporated in extruded 
snacks made from blend of corn and pearlmillet 
flour. While green gram is highly recommended 
due to its less anti-nutrients as compared to kidney 
bean. Though, effects of incorporation of some 
vegetables or pre-treatments of pulses on quality of 
snacks can be further investigated.
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