
Annals of Agri-Bio Research 27 (1) : 112-118, 2022

Isolation and Characterization of Starch from Kodo Millet (Paspalum
scrobiculatum)
RENU GARHWAL, MANISHA MALIK*, MITHUN KUMAR AND B. S. KHATKAR
Department of Food Technology, Guru Jambheshwar University of Science and Technology, Hisar-125 001
(Haryana), India
*(e-mail : malikmanisha252@gmail.com; Mobile : 9992268557)

(Received : August 22, 2021; Accepted : October 18, 2021)

ABSTRACT

In the present study, kodo millet grains were investigated for proximate composition and morphological
properties.  Isolated starch from kodo millet was investigated for functional, thermal (DSC) and textural
(Texture analyzer) properties. Protein content of kodo millet was comparable to finger and fonio millets
but lower than pearl and foxtail millets. Starch yield was significantly higher (65%) with some non-
starch compounds. Values of water binding capacity, swelling power, viscosity and dispersibility were
moderate but fat absorption capacity and solubility percentage were low as compared to pearl millet
starch. Kodo starch had high range of gelatinization temperature in comparison with other millets such
as finger, pearl and foxtail. Textural properties of kodo millet starch were also superior to other starches
such as wheat and cassava. Additionally, this starch had moderate springiness, cohesiveness and
hardness as compared to the above-mentioned starches. There is a scope of studying molecular
characterization, pasting and structural properties and relationship among fractions of kodo millet
starch.
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INTRODUCTION

Kodo millet (Paspalum scorbiculatum L.) is
referred diversely as Kodo in Bengal, Harka
in Punjab, Kodra in Gujarat, Koduain in Odisa
and Varagu in Tamil Nadu. Predominantly, it
is cultivated in countries like India, Pakistan,
Thailand, Indonesia, Vietnam, Philippines
and West Africa. Additionally, it is a noteworthy
nourishment grain for the general population
living in deccan level district of India and in
few areas of Maharashtra, Odisha, West
Bengal, Himalayas, UP and Rajasthan. Kodo
millet comprises around 8% protein in which
glutenin is the major protein (Deshpande et
al., 2015). Kodo millet is also rich in fiber,
carbohydrate, fat, mineral, iron and energy
with proportions of 9%, 66.6 g, 1.4%, 2.6%,
25.86-39.60 ppm and 353 Kcal/100 g,
respective ly (Chandel et al. , 2014).
Phosphorus in kodo is less as compared to
other millets. This millet also has good DPPH
scavenging capability. Range of gelatinization
temperature of kodo millet flour was found to
be 76.6-90°C. This shows that kodo millet is
less resistant to gelatinization and hence can
be used in baking. In India, kodo grains are
ground to flour for making puddings. Being

gluten free, its use as gluten free ingredient
is increasing day by day (Deshpande et al.,
2015). Several authors reported its use in
making novel as well as traditional foods such
as dosa, idli, pongal, chapatti, idiyappam, puttu,
biscuit, boli, cutlet, soup, bread, ladoo cookies
(Padma and Rajendren, 2013; Chakraborty
and Kotwaliwale, 2016). Pasta made from
mixture of kodo and wheat was found
acceptable (Devi et al., 2014). Combination of
kodo millet flour, refined wheat flour and soy
flour in proportion of 50 : 40 : 10 was used to
make cold extruded vermicelli and pasta
(Ranganna et al., 2014). Purified starches are
used for encapsulation of food ingredients (Li,
2014). These are also used to impart desirable
functional roles and modify food consistency
and texture (Nagarnaik et al., 2015). Kodo
starch is composed of two sub-units, amylose
and amylopectin. Sometimes slight change
in the segment structure takes place
according to the method of fractionation.
Structure of amylose is straight with few
branches attached with the direct spine while
amylopectin is branched type. Amylose
content was found to be 19.6% (Zhu, 2014).
Literature available on kodo millet starch is
limited and it requires to be explored. This
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paper aims at the extraction and
characterization of kodo millet starch.

MATERIALS  AND  METHODS

Kodo millet grains were procured from local
market and stored in deep freezer at -18°C.
Proximate composition and morphological
properties of these grains were studied followed
by the extraction of starch using two methods.
Extracted starch from best suitable extraction
method was then characterized for its
proximate composition, functional, thermal
and textural properties.
Moisture, ash, crude fat and crude protein were
estimated using the methods as described by
AOAC (1995). Dimensions of kodo millet grains
such as length, width, and thickness in mm
were determined using a Digital Vernier
Caliper, 0-150 mm (Ramashia et al., 2018).
Thousand kernel weight was calculated by
using the method described by Ramashia et
al. (2018). Geometric mean diameter (Dg),
Sphericity and Frontal area were calculated
as per equations described by Ramashia et al.
(2018). Surface area of the millet grain was
calculated by using the equation described by
Nadvornikova et al. (2018).
In first extraction method, grains were first
steeped in 0.2 M acetate buffer of pH 6.5
containing 0.01 M mercuric chloride for 30 h
at room temperature followed by grinding and
slurried in water before being sieved
successively and rapidly through 80 mesh
screens. Grinding, slurring and sieving were
repeated until material left on the sieve was
free from starch. Proteinaceous material in
starch suspension was separated without
causing any modification to the starch by
shaking the aqueous suspension with 1/8 of
its volume of toluene (Gutierrez-Osnaya et al.,
2020).
In second method, Kodo millet flour was
prepared by milling kodo grains in milling
machine (Atta Master, Winner). Flour (100 g)
was soaked in 350 ml 0.5% NaOH for 1 h with
intermediate  stirring fol lowed by
centrifugation (TC 450 D, Eltek) at 3000 rpm
for 10 min. Washing of sediment with distilled
water was done followed by centrifugation.
Sediment pH was adjusted to 6.5 using 1M HCl
and further centrifugation was done. Upper
brown layer was removed and washed again
with distilled water and centrifuged at 3000

rpm for 10 min. Drying of final sediment was
done at 50°C for 24 h (Jayawardana et al.,
2019).
Starch obtained from both methods was then
packed in air tight container and stored in deep
freezer at -16°C. Out of these two methods, one
method was selected based on colour and yield
of extracted starch. Colour was observed
visually and yield was studied by calculating
percentage starch obtained. Starch was then
ground first using pestle mortar and then in
grinder for 30 s for its characterization.
Moisture, ash, crude fat and crude protein were
estimated using the methods as described by
AOAC (1995). Water binding capacity (WBC) was
analyzed using the method followed by Maktouf
et al. (2016). Fat absorption capacity (FAC) was
analyzed using the procedure followed by
Kumari et al. (2015). Starch swelling and
solubility patterns were estimated using the
method followed by Singh et al. (2017). Starch
solution of 10% concentration after mixing
with distilled water was boiled for 15 min and
then cooled. Reading was noted at 100 rpm
(Reddy and Bhotmange, 2014) for viscosity (Fig.
1). Dispersibility was estimated by using the
method followed by Asaam et al. (2018).
Percentage dispersibility was expressed as :

         30 – Volume of settled particles
Dispersibility % = ––––––––––––––––––––––––– × 100

        30

Wettability was estimated using the method
followed by Banupriya and Vijayakumar (2016).
Bulk density was measured using the
procedure followed by Adeyeye et al. (2020).
Percentage light transmittance of starch paste
was measured by the method followed by Bharti
et al. (2019) with slight modifications. Sediment
volume was analyzed using the procedure
described by Wu et al. (2014). Gelatinization

Fig. 1. Thermal properties by DSC.
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characteristics of kodo millet starch were
studied using Differential Scanning
Calorimeter, DSC (Shaikh et al. (2016).
Textural properties were analyzed following the
procedure described by Dey et al., 2016 using
texture analyzer with a compression plate (P-
75).

RESULTS  AND  DISCUSSION

Results of proximate analysis are presented
in Table 1. These results are comparable to
the results obtained in the previous studies.
Moisture content of kodo grains was found to
be 10.97% and this value was low as compared
to the value estimated by Kumar et al. (2016)
who reported it as 12.71%. The decrease in
moisture value may be due to low moisture
level of procured sample maintained in order
to increase its shelf life and reduce its
deterioration during storage and
transportation. Mineral content of kodo grains
was found to be 2.56%, which was comparable
to the mineral value of 2.6% estimated by Saleh
et al. (2013). Fat content was 1.98%, which was
slightly higher than value of 1.4% presented
by Deshpande et al. (2015). Protein content was
found to be 8.7%, which was comparable to the
earlier presented value of 8.3% (Deshpande et
al. 2015). Differences in ash, fat and protein
levels may be due to different sample variety,
its cultivating conditions and analytical
variations. Literature available on its
composition is limited and need to be explored
further.

and 1.33-1.45 mm, respectively (Kumar et al.,
2016). The difference in values may be due to
difference in variety and moisture content.
Thousand kernel weights of the millet grains
may be used to decide upon the type of fan and
sieve required to separate the grains from
undesirable materials. Thousand-kernel
weight of kodo millet grains was found to be
2.73 g which was about half of the value of 5.74
g reported by Rao et al. (2020). Geometric mean
diameter may be useful in attaining desired
cylinder concave clearance of the thresher.
Geometric mean diameter of kodo millet grains
was 1.87 mm which was less than the value of
2.29 mm reported by Rao et al. (2020).
Sphericity of kodo millet grains was found to
be 0.71, which was comparable to the value of
0.76 reported by Kumar et al. (2016) and Rao et
al. (2020). Frontal area and surface area of kodo
millet grains were found to be 3.97 mm and
10.98 mm2.
Colour of starch was observed visually. Based
on results obtained, starch extracted by
method II was considered superior to the other
(Table 3). Starch extracted by this method was
then used for its further analysis. Moisture
content of kodo millet starch was found to be
8.25% (Table 4). Literature related to moisture
content of kodo millet starch was not found.
The moisture content was comparable to other
millets like foxtail millet starch having value
as 8.59% (Dey and Sit, 2016) and pearl millet
as 7.97% (Chhabra and Kaur, 2017). Mineral
content of kodo millet starch was found to be

Table 1. Proximate analysis of kodo millet grains

Parameter (%) Mean value±SD

Moisture content 10.97±0.49
Mineral content 2.56±0.30
Fat content 1.98±0.14
Protein content 8.7±0.2

All values are mean±SD of three replicates.

Results of morphological properties of kodo
grains are presented in Table 2. Dimensions
of kodo millet grain including length, width and
thickness were found to be 2.61, 1.94 and 1.31
mm, respective ly. These values were
comparable to those reported by Kumar et al.
(2016) who observed values of 2.74, 2.23 and
1.45 mm, respectively. The range of length,
width and thickness at moisture content levels
from 8.19 to 12.71% was 2.61-2.74, 1.96-2.23

Table 3. Colour and yield of extracted starches

Parameter I II

Colour Brownish white White
Yield (g/100 g) 38.6 65

I and II are extraction methods to extract kodo millet
starch.

Table 2. Morphological properties of kodo millet grains

Parameter Mean value±SD

Dimensions
Length (mm) 2.61±0.01
Width (mm) 1.94±0.01
Thickness (mm) 1.31±0.01
Thousand kernel weight (g) 2.73±0.20
Geometric mean diameter (mm) 1.87
Sphericity 0.71
Frontal area (mm) 3.97
Surface area (mm2) 10.98

All values are mean±SD of three replicates.
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0.65%. Fat content of kodo millet starch was
found to be 0.78%. This value was comparable
to value 0.16% (Annor et al., 2013). Fat content
of grains was also higher than value presented
by Deshpande et al. (2015). Protein content of
kodo millet starch was found to be 0.95%. Value
reported by Annor et al. (2013) for protein
content of kodo millet starch was 0.56%.
Increase in value of protein content may be
due to the difference in method of protein
estimation and variety. Protein content of
grains was also higher than the values
presented by Deshpande et al. (2015).

kodo millet starch were found to be 9.24 cps
and 81.62%, respectively. Wettability of kodo
millet starch was observed and it was noted
that the sample started dissolving as soon as
it came in contact with distilled water (in less
than 1 min) and after 30 min the sample was
completely hydrated and went to bottom of the
beaker. This showed good wettability of kodo
millet. Bulk density of kodo millet starch was
found to be 0.96 g/ml, which was higher as
compared to the reported value of kodo millet
starch, which was 0.67 g/ml (Kumar et al.,
2016). The difference in values may be due to
different extraction conditions and variety.
Light transmittance of kodo millet starch was
noted for five consecutive days with an interval
of 24 h and it was observed that the values
decreased day by day showing the clarity of
paste as reduction from 10.74 to 8.77. In
comparison to finger and little millet starch
having values 5.89 and 2.28%, respectively,
light transmittance value of kodo millet was
higher (Nazni and Bhuvaneswari, 2016).
Balasubramanian et al. (2014) reported similar
pattern in transmittance values of pearl millet
from 97.8 to 95.6%. Clarity of starch paste is
one of the significant qualities of starch, which
was fundamental in food products, like jams
and natural product pastes, to get ideal
consistency. This clarity shifted extensively
with starch source, enzymatic adjustments,
solutes addition and amylose/amylopectin
proportion (Balasubramanian et al., 2014).
Sediment volume of kodo millet starch was
found to be 30.1 ml/100 ml, whereas barnyard
millet starch had 32 ml/100 ml sediment
volume (Wu et al., 2014). Sediment values of
both millet starches were comparable but the

Table 5. Functional properties of kodo millet starch

Parameter Mean value±SD

Water binding capacity (WBC) g 0.84±0.06
Fat absorption capacity (FAC) g 1.24±0.57
Starch swelling and solubility patterns
Solubility (%) 21.6±0.38
Swelling power (g/g) 7.06±0.86
Viscosity (cps) 9.24±0.25
Dispersibility (%) 81.62±0.03
Wettability (seconds) <1 min
Bulk density (g/ml) 0.96±0.01
Light transmittance (%) 10.74±0.9-8.77±0.92
Sediment volume (ml/100 ml) 30.1±0.15

All values are mean±SD of three replicates.
Table 4. Proximate analysis of kodo millet starch

Parameter (%) Mean value±SD

Moisture content 8.25±0.01
Mineral content 0.65±0.28
Fat content 0.78±0.02
Protein content 0.95±0.02

All values are mean±SD of three replicates.

Water binding capacity (WBC) of kodo millet
starch was found to be 0.84 g (Table 5). Nazni
et al. (2015) reported that water absorption
capacity ranged from 0.94 to 1.15 g for little
millet and finger millet, respectively. The
difference in values may be due to
predominant availability of water binding sites
in pearl millet starch as compared to kodo
millet starch (Balasubramanian et al., 2014).
The use of starch in food products can be
determined by studying water binding capacity
as one of the parameters as it directly affects
other functional properties of starch like
viscosity, which was an important indicator of
consistency and bulking of food products (Team,
2015). Fat absorption capacity of kodo millet
starch was 1.24 g. This was also comparable
to value presented by Sharma et al. (2016) for
pearl millet starch who observed the fat
absorption capacity of 1.31 g. Solubility and
swelling power of kodo millet starch were found
to be 21.6%  and 7.06 g/g, respectively.
Solubility per cent of kodo millet starch was
higher as compared to other millets. Solubility
of pearl, finger, foxtail and proso millet
starches was 20.5, 7.5, 8.2 and 13.6% ,
respectively as presented by Zhu et al. (2014).
On the other hand, swelling power of kodo
millet starch was low as compared to all these
millets, which had 14.8, 12.8, 13.8 and 14.5%
swelling powers, respectively, as presented by
Zhu et al. (2014). Viscosity and dispersibility of
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slight difference was due to difference in
degree of cross-linking in starches of both
millets (Balasubramanian et al., 2014).
Differential scanning calorimetry of kodo
millet involved various ge latinization
parameters such as onset temperature (To),
peak temperature (Tp), endset/conclusion
temperature (Tc) and gelatinization enthalpy
to be 73.57, 112.94, 147.46°C and 79.59 J/g,
respectively. Values obtained were comparable
to values obtained by Annor et al. (2014) for
finger millet starch. They reported the values
as 63.9, 69.2, 75.1 0C and 13.2 J/g,
respective ly. The difference in onset
temperature might be due to different amylose
value, shape and size of starch granules and
internal arrangement of their fragments. The
enthalpy of gelatinization of kodo millet starch
is very high as compared to finger millet; this
may be due to strong association of double
helices that melted during gelatinization
(Nazni and Bhuvaneswari, 2016).
It was observed that hardness, gumminess and
chewiness increased with increase in
compression percentage (Table 6). Hardness
value could be attributed to chain length of
amylose and amylopectin (Mehboob et al.,
2015). Springiness of kodo millet starch showed
decrease followed by a slight increase in value
with increase in compression, while
cohesiveness value showed increase with
increase in compression followed by a slight
decrease. The change in values could be
attributed to intermolecular bonding between
starch molecules (Dey and Sit, 2016). Cited
literature on the textural studies of its starch
is l imited. Therefore , its molecular
characterization needs further work.

CONCLUSION AND FUTURE PERSPECTIVES

The study showed that kodo millet grains had
good nutritional value with moderate protein
and high mineral content. Protein in millet
was comparable to finger and fonio millets but
lower than pearl and foxtail millets. Based on
the results of starch extraction, it was

concluded that alkaline method with 65%
starch yield was found optimum. Starches
isolated from kodo millet contained
significantly low levels of non-starch
components. However, there was a scope of
further improvements in quality starch yield,
using some alternate methods. Values of water
binding capacity, swelling power, viscosity and
dispersibility were moderate but fat absorption
capacity and solubility percentage were low as
compared to pearl millet starch. Kodo starch
had high range of gelatinization temperature
in comparison with other millets such as
finger, pearl and foxtail. Textural properties of
kodo millet starch were also superior to other
starches such as wheat and cassava starches.
Additionally, this starch had moderate
springiness, cohesiveness and hardness as
compared to the above-mentioned starches.
Molecular characterization of kodo starch and
relationship among its fractions are loopholes
in this area. Interactions of this starch with
other food components also need researchers
to be focused. Starch of kodo millet can be
characterized further as there is a scope of
studying its pasting and structural properties
using rapid visco-analyzer and X-ray
diffraction, which will be helpful in knowing
kodo millet starch more deeply.

REFERENCES

Adeyeye, E. I., Olaleye, A. A., Aremu, M. O., Atere,
J. O. and Idowu, O. T. (2020). Sugar,
antinutrient and food properties levels in
raw, fermented and germinated pearl millet
grains. FUW Trends in Sci. Techno. J.  5 :
745-758.

Annor, G. A. , Marcone, M.,  Bertoft,  E. and
Seetharaman, K. (2013). In-vitro starch
digestibility and expected glycemic index
of Kodo millet (Paspalum scrobiculatum) as
affected by starch-protein-lipid interactions.
Cereal Chemistry  90 : 211-217.

Annor, G. A., Marcone, M., Bertoft, E., and
Seetharaman, K. (2014). Physical and
molecular characterization of millet
starches. Cereal Chmeistry 91 : 286-292.

Table 6. Results of texture analysis

Compression (%) Parameters

Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness

10 1.036 - 3.304 0.860 0.891 2.942
20 14.755 -1.835 0.893 0.915 13.497 12.051
30 82.625 -14.176 0.988 0.713 58.876 58.145

116 Garhwal, Malik, Kumar and Khatkar



AOAC. (1995). Official Methods of Analysis 16.
Washington DC, USA : Association of
Official Analytical Chemists.

Asaam, E. S., Adubofuor, J., Amoah, I., Apeku, O.
J. and Yildiz, F. (2018). Functional and
pasting properties of yellow maize–soya
bean–pumpkin composite f lours and
acceptability study on their breakfast
cereals. Cogent Food Agric.  4 : 1-15.

Balasubramanian, S., Sharma, R., Kaur, J. and
Bhardwaj, N. (2014). Characterization of
modified pearl millet (Pennisetum typhoides)
starch. J. Food Sci. Techn. 51 : 294-300.

Banupriya, L. and Vijayakumar, T. P. (2016).
Centesimal composition and amino acid
profiling of wood apple (Limonia acidissima)
seed : an underutilized protein source. Int.
J. Adv. Res. 4 : 1288-1296.

Bharti, I., Singh, S. and Saxena, D. C. (2019).
Exploring the influence of heat moisture
treatment on physico-chemical, pasting,
structural and morphological properties of
mango kernel starches from Indian
cultivars.  LWT - Food Science and
Technology 110 : 197-206.

Chakraborty, S., and Kotwaliwale, N. (2016).
Development of leavened bread from minor
millet flours.

Chandel, G., K, M. R., Dubey, M. and Kumar, M.
(2014). Nutritional properties of minor
millets: neglected cereals with potentials
to combat malnutrition. Curr. Sci. 107 :
1109-1111.

Chhabra, N. and Kaur, A. (2017). Studies on
physical and engineering characteristics
of maize, pearl millet and soybean. J.
Pharmacognosy and Phytochemistry 6 : 1-5.

Deshpande, S. S., Mohapatra, D., Tripathi, M. K.
and Sadvatha, R. H. (2015). Kodo millet-
nutritional value and utilization in Indian
foods. J. Grain Processing and Storage 2 :
16-23.

Devi, G. S., Palanimuthu, V. and Kumar, P. K.
(2014). Studies on development and
storage of kodo millet based pasta. Int. J.
Processing and Post Harvest Technology 5 :
33-40.

Dey, A. and Sit, N. (2016). Modification of foxtail
millet starch by combining physical,
chemical and enzymatic methods. Int. J.
Biol. Macromolecules 95 : 314-320.

Dharmaraj, U., Ravi, R. and Malleshi, N. G. (2013).
Physico-chemical and textural characteristics
of expanded finger millet. Int. J. Food
Properties 15 (2).

Geetha, R., Mishra, H. N. and Srivastav, P. P.
(2014). Twin screw extrusion of kodo millet-
chickpea blend : process parameter
optimization, physico-chemical and
functional properties. J. Food Sci. and

Techn. 51 : 3144-3153.
Gutierrez-Osnaya, L. J., Hernandez-Uribe, J. P.,

Castro-Rosas, J., Roman-Gutierrez, A. D.,
Camacho-Diaz, B. H. and Palma-Rodriguez,
H. M., (2020). Influence of germination
time on the morphological, morphometric,
structural and physico-chemical
characteristics of Esmeralda and Perla
barley starch. Int. J. Biol. Macromolecules
149 : 262-270.

Jayawardana, S.  A. , Samarasekera, J. K.,
Hettiarachchi, G. H., Gooneratne, J.,
Mazumdar, S. D. and Banerjee, R. (2019).
Dietary f ibers, starch fractions and
nutritional composition of finger millet
varieties cultivated in Sri Lanka. J. Food
Composition and Analysis 82 : 1-6.

Kalpana, C. A. and Koushikha, N. M. (2013). US
03-development and evaluation of varagu
incorporated recipes. National Seminar on
Recent Advances in Processing, Utilization
and Nutritional Impact of Small Millets.
Madurai.

Kumar, D., Patel, S., Naik, R. K. and Mishra, N.
K. (2016). Study on physical properties of
Indira Kodo-I (Paspalum scrobiculatum L.)
millet. Int. J. Engineering, Research and
Technology 5 : 39-45.

Kumari, N. and Raghuvanshi, R. S. (2015). Physico-
chemical and functional properties of
buckwheat (Fagopyrum esculentum
Moench). J. Eco-friendly Agriculture 10 : 77-
81.

Li, J. (2014). The use of starch-based materials for
microencapsulation. In : Microencapsulation
in Food Industry, A. Gaonkar, N. Vashisht,
A. Khare and R. Sobel (eds.).  pp. 195-210.
San Diego.

Maktouf, S., Jeddou, K. B., Moulis, C., Hajji, H.,
Remaud-Simeon, M. and Ellouz-Ghorbel,
R. (2016). Evaluation of dough rheological
properties and bread texture of pearl
millet-wheat flour mix. J. Food Sci. and
Technol. 53 : 2061-2066.

Mehboob, S., Ali, T. M., Alam, F. and Hasnain, A.
(2015). Dual modification of native white
sorghum (Sorghum bicolor) starch via acid
hydrolysis and succinylation. LWT-Food Sci.
and Technol. 64 : 459-467.

Nadvornikova, M., Banout, J., Herak, D. and
Verner, V. (2018). Evaluation of physical
properties of rice used in traditional Kyrgyz
Cuisine. Food Sci. and Nutr. 6 : 1778-1787.

Nagarnaik, M., Sarjoshi, A., Bodkhe, A., Khanal,
B., Pise,  M. and Pandya, G. (2015).
Characterization of active constituents in
turmeric powder and validation of method
for curcumin in samples. Asian J. Res. in
Chemistry 8 : 643-647.

Nazni, P. and Bhuvaneswari, J. (2015). Analysis of

Isolation and characterization of starch from Kodo millet 117



physico-chemical and functional
characteristics of finger millet (Eleusine
coracana L.) and litt le mil let (P.
sumantranse). Intern. J. Food and Nutr. Sci ,
4 : 109-114.

Nazni, P. and Bhuvaneswari, J. (2016). Functional,
pasting and thermal characteristics of
finger millet and little starch. Int. J. Food
and Nutr. Sci. 5 : 191-198.

Padma, A. and Rajendren, R. (2013). US 13-
standardization of spirulina and kodo
millet incorporated cookies. National
Seminar on Recent Advances in
Processing, Utilization and Nutritional
Impact of Small Millets, Madurai.

Ramashia, S. E., Gwata, E. T., Meddows-Taylor,
S., Anyasi, T. A. and Jideani, A. I. (2018).
Some physical and functional properties
of finger millet (Eleusine coracana) obtained
in sub-Saharan Africa. Food Res. Int. 104 :
110-118.

Ranganna, B., Ramya, K. G., Kalpana, B. and Veena,
R. (2014). Development of cold extruded
products (Vermicelli and pasta). Int. J.
Agric. Engg. 7 : 360-364.

Rao, V. V., Swamy, S. V., Raja, D. S. and Wesley,
B. J. (2020). Engineering properties of
certain minor millet grains. The Andhra
Agric. J. 67 : 89-92.

Reddy, D. K. and Bhotmange, M. G. (2014).
Viscosity of starch : A comparative study
of Indian rice (Oryza sativa L.) varieties.
Int. Rev. Appl. Engg. Res. 4 : 397-402.

Sahnoun, M., Ismail, N. and Kammoun, R. (2016).
Enzymatically hydrolysed, acetylated and
dually modified corn starch : Physico-
chemical, rheological and nutritional
properties and effects on cake quality. J.
Food Sci. and Technol. 53 : 481-490.

Saleh, A. S., Zhang, Q., Chen, J. and Shen, Q.
(2013). Millet grains : Nutritional quality,
processing and potential health benefits.

Comprehensive Reviews in Food Science and
Food Safety 12 : 281-295.

Senthamarai, L. S., Malathi, D. and Banumathi,
P. (2013). US 06-standardization and
evaluation of small millet based instant
pittu mix. National Seminar on Recent
Advances in Processing, Utilization and
Nutrit ional Impact of Small Millets,
Madurai.

Shahidi, F. and Chandrasekara, A. (2013). Millet
grain phenolics and their role in disease
risk reduction and health promotion : A
review. J. Functional Foods 5 : 570-581.

Shaikh, M., Ali, T. M. and Hasnain, A. (2016).
Effects of different modification reagents
on functional properties of pearl millet
starches. Starch- Starke 69 (3).

Sharma, M., Singh, A. K., Yadav, D. N., Arora, S.
and Vishwakarma, R. K. (2016). Impact of
octenyl succinylation on rheological,
pasting, thermal and physico-chemical
properties of pearl millet (Pennisetum
typhoides) starch. LWT- Food Sci. and
Technol. 73 : 52-59.

Singh, M., Akinbode, A. and Adedeji, A. A. (2017).
Characterization of hydrothermal and acid
modified proso millet stach. LWT - Food
Sci. and Technol. 79 : 21-26.

Team, M. (2015). Influence of cassava varieties on
the properties of high quality cassava flour
produced at Michael Okpara University of
Agriculture. 39th Annual Conference of
Nigerian Institute of Food Science and
Technology (NIFST). p. 14.

Wu, Y., Lin, Q., Cui, T. and Xiao, H. (2014).
Structural and physical properties of
starches isolated from six varieties of
millet grown in China. Int. J . Food
Properties 17 : 2344-2360.

Zhu, F. (2014). Structure, physico-chemical
properties and uses of millet starch. Food
Res. Int. 64 : 200-211.

118 Garhwal, Malik, Kumar and Khatkar


