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Abstract: Rheological and nutritional properties of corn based extrudates incorporated with selected dehulled
legumes (black gram, green gram, lentil and peas) made using low cost collet extruder at 5%, 10% and 15%
levels were studied. There was a decreasing trend of all viscosity properties and degree of gelatinization with
increase in legumes incorporation level. With increase in legumes incorporation, protein content showed an
increasing trend and fat, fiber, ash content and sensory score remain almost same. Thus, dehulled legumes (up
to 15%) incorporated corn extrudates have showed a promising trend for the production of low cost expanded
snacks and instant flour.
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Introduction

Materials and Methods

Food extrusion is a versatile HTST process and
is an established practice for continuous manufacture
of traditional and new products (Smith and Singh,
1996). Legumes are prime source of plant proteins,
calories and other nutrients. Cereals are lower in
lysine content and on contrary legumes have higher
lysine content so act as complementary to each other.
The compact structure resulting from extrusion
process can lead to a dense protein network reducing
the availability of starch granules to attack by alphaamylase (Fardet et al., 1999) and delays in vitro
starch hydrolysis (Hoebler et al., 1999). In product
development, peak and final viscosities are important
to understand the behaviour of product during and
after processing apart from nutrient content. Rapid
viscoanalyser can be used to investigate the pasting
properties of lipids and amino acids on corn starch
and flour (Liang and King, 2003; Liang et al., 2002).
Sajilata et al. (2006) reported that the gelatinization
properties of starches depend on its type, granular
structure, botanical origin, and amylose/amylopectin
ratio. Thus, many factors affect the reference and
acceptability of foods. The objective of this work was
to study the rheological and nutritional properties of
selected dehulled legume incorporated corn extrudates
as compared to raw composite, as well as changes
nutritional value of legume incorporated extrudates.

Raw materials
Different dehulled legumes viz black gram
(Phaseolus mungo L.), green gram (Vigna radiata
L.), lentil (Lens culinaris L.) and peas (Pisum sativum
L.) and corn were purchased from local market. After
cleaning and grading, raw materials were subjected to
coarse grinding in plate mill to make grits of 1.65-2.36
mm thickness. The legume grits were incorporated
with corn grits at 0, 5, 10 and 15 levels. For making
extrudates, about 2 kg of blended materials were
conditioned to 14% moisture (wb).
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Extrusion cooking conditions
Extrusion cooking was performed using a
heavy-duty low cost collet extruder (Food extrusion
laboratory, CIPHET, Ludhiana (India), driven by 10
hp AC motor. Feed rate was controlled with a 1 hp
DC motor. The length to diameter (L/D) ratio of the
extruder was 5:1. The barrel was enrobed with cold/
tap water circulation to maintain the temperature.
The screw speed was kept constant at 500 rpm
during extrusion cooking. The extruder barrel was
fitted with 4.0 mm die nozzle. After initial laboratory
trials, extrudates were prepared keeping constant
feed rate of 25 kg/h and feed moisture of 14%, wb
(Balasubramanian et al., 2011).
Sample preparation for analysis
Extrudates were ground to particle size less than
0.85 mm and subjected to rheological and nutritional
analysis and sensory evaluation.
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Rheological properties
Pasting properties of extrudate powder was
determined using Rapid Visco Analyser (RVA) Model
3-D (Newport Scientific Pvt. Ltd, Australia) with
Thermocline software (3.0 version) according to ICC
(1995). Sample suspension was prepared by placing
extrudate powder (3g) in an aluminium canister
containing 30g of distilled water. A programmed
heating and cooling cycle was used. Each sample
was stirred at 960 rpm for 10 s, while being heated
at 500C and then constant shear rate of 160 rpm
was maintained for rest of the process. Sample was
held at 500C for 1 min and heated from 50 to 950C
taking 3 min 42 s and held at 950C for 2 min 30 s.
Subsequently samples were cooled down from 95 to
500C taking 3 min 48 s and then held at 500C for
2 min. A RVA plot of viscosity (cp) versus time (s)
was used to determine peak viscosity (PV), minimum
viscosity (MV), break down viscosity (BD), final
viscosity (FV) and total set back (TSB). Each analysis
was done in duplicates.
Degree of gelatinization
It was estimated using the procedure suggested
Wotton and Bamunuarachchi (1978). About 0.2g of
sample (< 0.85 mm) was dispersed in 100 ml distilled
water, stirring for 5 min before being centrifuged for
25 min. Supernatant (1 ml) was diluted with water
to 10 ml and 0.1 ml of iodine solution was added.
The absorbance at 600 nm was read in UV-VIS
spectrophotometer against a reagent blank. Similar
type slurry was prepared from 0.2 g of extrudate and
95 ml of water. A 5ml portion of 10 M potassium
hydroxide was then added and the mixture was stirred
for 5 min and centrifuged for 25 min. Supernatant
(1ml) was then diluted with distilled water to 10 ml
followed by addition of 0.1 ml of iodine solution. The
absorbance was then read as before.
Degree of gelatinization=

Absorbance of fresh solution
x 100
Absorbance of alkali d solubilize d solution

Nutritional evaluation
Fat, moisture, crude fiber and ash were
determined by AOAC (2000) methods. Protein
content was determined by measuring available
nitrogen in the sample by Micro Kjeldhal method
using conversion factor 6.25 (Balasubramanian et al.,
2011)
Sensory Evaluation
Extrudates were evaluated for sensory
properties according to a descriptive technique
using 9-point hedonic scale (Balasubramanian et al.,
2011 and Liu et al., 2000). The sensory attributes
of color, flavor, surface finish, taste, crispiness and

over all acceptability of extrudates were evaluated
by 11 semi-trained panel members. Extrudates were
served to panelists immediately after conditioning at
1050C for 3 min. The data reported were mean of ten
observations and subjected to MS EXCEL 2000.
Results and Discussion
Effect on viscosity profile
Extrusion cooking caused a reduction in pasting
characteristics (Figure 1) of extrudates viz. PV,
MV, FV, TSB except BD (increased almost twice
by 132 cp) as compared to corn flour. The PV, MV,
FV and TSB were found decreased up to 88 cp,
223 cp, 1296 cp and 1074 cp for corn extrudates.
During the rise in temperature of extrudate powder
suspensions, water penetrates into the granules and
weakens the hydrogen bonds in starch segments and
reflects a degradative RVA profile as compared to its
corresponding raw material (Balasubramanian and
Singh, 2008). According to Lockwood et al. (2008)
amylose content of flour showed greater degree of
entanglement and expressed increased viscosity level
during cooling phase.

Figure 1. Viscoparameters for raw and corn extrudates.

Incorporation of legumes with corn resulted
in decline of pasting characteristics viz. PV, MV,
BD, FV, TSB (Table 1). Formation of starch-fat
complexes (Ho and Izzo, 1992) and starch-protein
complexes (Madeka and Kokini, 1992) might have
been significant during extrusion of corn flour with
legume composition. Among the selected legumes,
black gram incorporation showed a higher PV and
significant decrease in MV, BD, FV and TSB (Table
1). The PV for raw composite and corn extrudates at
different incorporation levels for black gram (5%,
10% and 15%) were 547.5 cp, 505.0 cp and 478.0
cp and 465.5 cp, 453.5 cp and 420.5 cp, respectively.
Sathe et al. (1982) reported a very typical visco
amylograph pasting profile for black gram starch
than most legume starches. At 5% incorporation
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black gram showed a decrease of PV by 27.5 cp
and 22.5 cp for raw composite and corn extrudates.
Incorporation of pea at 5% showed a maximum
decrease in PV by 169.5 cp and 94.5 cp for raw
composites and corn extrudates, respectively. Among
legumes, pea incorporation showed minimum
pasting characteristics for both uncooked composites
and extrudates. However, MV found to be decreased
by 28 to 39 cp for raw corn composites, but for
extrudates MV was not prominently pronounced.
BD decreased from 30.5 cp to 45.5 cp and 61.5 cp
to 95 cp at 15% incorporation level for raw corn
composites and extrudates, respectively. The FV of
raw composites at 5% incorporation level showed
a reduction up to 587.5 cp and FV decreased in
greater extent at 10% and 15% incorporation levels.
Similarly FV showed a maximum decrease (96.5 cp)
for 15% pea incorporated corn extrudates. TSB also
observed a decrease from 284.5 cp to 495.5 cp for raw
composite and corn extrudates. The RVA parameters
of green gram and lentil incorporation also showed
a decreasing trend, however these values were well
configured with pasting behavior of black gram and
pea. Earlier studies reported that lower TSB during
the cooling phase of paste due to the greater resistance
to its retrogradation (Sanni et al., 2004).
Effect on degree of gelatinization
Degree of gelatinization for corn extrudate alone
was found to be 36.4%, while raw corn showed
lower degree of gelatinization (13.28%). Legume
incorporated raw corn composite showed lower
degree of gelatinization compared to corn alone,
ranging between 13.28 and 9.23% (Table 2).
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legumes incorporated extrudates, black gram showed
a lowest value (25.3%) followed by green gram
(26.3%), peas (26.8%) and lentil (27.4%) at 15%
incorporation level, respectively. According to Lin
et al. (1997), fat content of extrudates was shown
to interfere significantly with starch gelatinization.
Thus, this partial starch dextrinisation reduces the
swelling during gruel preparation i.e. higher energy
density with an appropriate semi-fluid consistency.
This signified the increase in degree of gelatinization
due to extrusion cooking.
Effect on nutritional value
Protein content of raw materials viz., corn,
black gram, green gram, lentil and peas are 11.1%,
24.0%, 19.7%, 25.1% and 19.7%, respectively
(Gopalan et al., 1991). Protein content of extrudates
showed a marginal increase, found to be maximum
for lentil from 8.70% to 10.19%, 10.85% and
11.84% at 5%, 10% and 15% incorporation levels
respectively (Table 3). This increased protein content
of extrudates may be attributed to their inherent
higher protein content of legumes. Fat content was
found to decrease from 3.45% - 3.02% indicating that
extrusion process plays a role in fat reduction. Camire
(2000) also reported that the formation of complexes
with amylose and protein might be responsible for
lower lipid extraction. However lentil showed a
lowest value of 3.02%.
Table 3.

Nutritional analysis of dehulled legumes incorporated
corn extrudates

Table 2. Degree of gelatinization of dehulled legumes incorporated
corn extrudates

Similarly, legume incorporated extrudates showed
higher degree of gelatinization values in the range
of 36.4-25.35%. Although there was no marked
difference in degree of gelatinization among the
International Food Research Journal 19(3): 971-975
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Figure 2. Hedonic scores of corn extrudates incorporated with different legumes.

Extrusion cooking did not resulted in remarkable
change in fiber content of corn extrudates. Fiber
content of corn alone and legumes incorporated corn
extrudate ranged from 1.79% to 1.53%. Similarly,
Varo et al. (1983) reported that the same dietary
fiber content was found in untreated and twin screw
extruded wheat flour and whole-wheat meal. Among
legumes, pea incorporated corn extrudates at 15%
level showed higher fiber content. Ash content of
extrudates increased with increase of legumes levels,
ranging from 0.82% to 1.17%. Lentil incorporated
extrudates showed comparatively lower ash content
(0.86-1.13%). Other legumes viz. black gram,
green gram and pea incorporated extrudates showed
similar ash content of approximately 1.17% at 15%
incorporation level.

Conclusions

Effect on sensory attributes
Extrudates incorporated with selected
legumes were rated acceptable for all attributes
evaluated (Figure 2). There was no significant
difference was found in sensory rating for crispness
of selected legumes incorporated extrudates.
The flavour, surface finish and taste of legume
incorporated extrudates were compatible to that of
control. At 15% incorporation level the extrudates
incorporated with selected legumes were rated more
acceptable than 5% and 10% incorporation levels.
The colour score was found to be enhanced by the
incorporation level of lentil and lowerd by black gram,
though no pronounced effect for green gram and pea
incorporation was observed. Among the legumes
incorporation of green gram showed better overall
acceptability followed by lentil based extrudates.

This research was supported by FG&OP
Division, CIPHET, Ludhiana.

Extrudates having partially dextrinised and
gelatinized characteristics, yielding instant flour
showed the scope of higher energy density gruels
preparation. The pasting parameters showed a
decreasing trend probably due to variation in starch
to protein fractions. Degree of gelatinization showed
lower value for higher level of legume incorporation.
Extrudates incorporated with 15% selected legume
were rated highest in sensory score compared to
control. Thus, legume incorporated corn extrudates
with enhanced protein and nutritional values showed
the scope for preparation of higher energy food.
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