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Abstract

The study determined the nutritional properties of different species of millets
namely, millet (Bajra, red sorghum, Ragi, little millet, Kodo millet, Foxtail mil-
let and Barnyard millet). The properties included protein, fat, carbohydrates, fi-
ber, minerals (iron, cobalt, copper, aluminum, calcium) and B group vitamins.
(Give a highlight of your methodology and discussion before conclusion) The
study concluded that millets are good sources of nutrients and in this different
type of millet powder, the highest amount of nutrients is achieved by Bajra—
Kambu is (fat 5.21 + 0.3 g, fiber 11.50 + 0.5 g, Cobalt 0.035 + 0.012, Iron 7.52
*0.94, Vitamin B2 0.18 + 0.02 and Vitamin B6 0.35 + 0.03), Sorghum—Solam
is (Protein 11.21 *+ 0.3 g, Vitamin B9 38.63 * 2.50), Ragi—Kezhvaragu is (Al-
uminium 3.65 *+ 0.72, Calcium 383 + 24), Little millet—Saamai (Vitamin B7
6.52 + 0.65), Foxtail millet—Thinai is (Vitamin B1 0.45 *+ 0.05, Vitamin B5
0.75 % 0.03), Barnyard millet—Kuthiravali is Vitamin B3 0.15 £ 0.04.
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1. Introduction

Small-seeded millets are commonly cultivated in developing nations, accounting
for 97% of total production. Millets are called “future crops” because they can
survive most pests and diseases and flourish in the harsh circumstances of dry and
semi-arid parts of Asia and Africa [1]. Regretfully, despite being the world leader
in the production of nutrient-dense rice, lentils, and millet, India ranks second in
the world for the prevalence of child malnutrition. India is home to more than

one-third of the world’s hungry children [2]-[4]. Millets are a crop that is high in
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vitamins and minerals and particularly nutrient-dense. Because millet is a rich
source of energy and dietary fiber, slowly digesting starch and resistant starch, it
provides a continuous release of glucose and, hence, satiety.

Owing to the easy access to nutrients and energy found in millets, researchers,
the agricultural sector, and food security programs are focusing more on millet
processing and production in order to better utilize it and reduce the amount of
hidden hunger that exists in the globe [5]-[7]. A range of benefits, such as en-
hanced digestive system health, decreased cholesterol, heart disease prevention,
diabetes prevention, cancer risk reduction, increased energy levels, and improved
muscle function [8] [9].

The macronutrients are dietary fiber, lipids, protein, and carbohydrates. Since
they make up almost half of our daily caloric intake, carbohydrates are a necessary
component of our diet. The ratio of carbon, hydrogen, and oxygen in carbohy-
drates is 1:2:1. Based on the degree of polymerisation, carbohydrates are catego-
rized as monosaccharaides, disaccharides, oligosaccharides, and polysaccharides
[10] [11]. The carbohydrate content in millets ranges from 55.0 gm/100 gm (barn-
yard millet) to 72.6 gm/100 gm (Sorghum). The most important component of
both human and animal tissue is protein [12]-[14]. Only when the food protein is
hydrolyzed by peptides and proteases to amino acids 1 and dipeptides can it be
beneficial. Therefore, the ratios of amino acids determine the nutritional value of
dietary protein [15]-[17]. Millets are preferable because they include necessary
amino acids like phenylalanine, valine, leucine, and isoleucine. Additionally, fiber
is necessary for the maintenance of bodily weight, blood sugar, cholesterol, tri-
glycerides, and digestion. Fiber is made of complex carbohydrates called polysac-
charides. Dietary fiber comes from millet seed coatings. With a crude fiber level
of 9.8 g/100 g, barnyard millet has the greatest content compared to rice and
wheat. Millets are preferable because they include necessary amino acids like phe-
nylalanine, valine, leucine, and isoleucine. Additionally, fiber is necessary for the
maintenance of bodily weight, blood sugar, cholesterol, triglycerides, and diges-
tion. Fiber is made of complex carbohydrates called polysaccharides. Dietary fiber
comes from millet seed coatings [18]. With a crude fiber level of 9.8 g/100 g, barn-
yard millet has the greatest content compared to rice and wheat [12] [19].

Epidemiological studies have shown that consumption of millet reduces the risk
of heart disease, protects from diabetes, improves the digestive system, lowers the
risk of cancer, detoxifies the body, increases immunity in respiratory health, in-
creases energy levels and improves muscular and neural systems and are protec-
tive against several degenerative diseases such as metabolic syndrome and Parkin-
son’s disease [20]-[23]. This present was to present the comparative study of nu-
tritional properties of various types of millets namely bajra, sorghum, ragi, little

millet, kodo millet, foxtail millet and barnyard millet.

2. Materials and Methods
2.1. Raw Materials

Millet species namely bajra, sorghum, ragi, little millet, kodo millet, foxtail millet,
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barnyard millet was purchased from the local market of Chidhambaram, Cuddalore
district. The millet samples are sorted based on the literature review [24].

2.2. Preparation of Millet Powder

Measured millets were sorted to remove the dust, sticks, wood, etc., and it was
rinsed with water. Then it was dried and grinded using mortar and pestle (tradi-
tional method). Then the powder is sieved to discard the coarse mixture. The same
procedure is used for all types of millets. The powdered form of millet is shown in
(Figures 1-7) [25].

2.3. Determination of Nutritional Properties

Analysis was carried out according to the procedure of Association of Official An-
alytical Chemist (A.O.A.C., 2005 for moisture, ash, fibre and protein content. The
carbohydrate was calculated by a different method (A.O.A.C., 2005) by subtract-
ing the sum (g/100 g dry matter) of crude protein, crude fat, ash and fibre from
100 g. The energy was calculated by factorial method. Mineral Analysis of metal
using FAAS Elemental analysis was carried out by Flame Atomic Absorption
Spectrometry (FAAS). Calcium, iron and zinc were measured using a flame pho-

tometer [26]. The standard solutions of vitamins were analyzed under chromato-

graphic condition.

(b)

(a) (b)
Figure 2. (a) red sorghum (Solam), (b) red sorghum powder (Solam).
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(a) (b)

Figure 6. (a) foxtail millet (Thinai), (b) foxtail millet powder (Thinai).
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() (b)
Figure 7. (a) barnyard millet (Kuthiravali), (b) barnyard mil-let powder (Kuthiravali).

3. Result and Discussion

3.1. Study of energy in various types of Millet powder

In Table 1 and Figure 8. It shows the comparative study of energy in various millet
powders. Among these varieties Bajra (Kambu) had the highest amount of energy
1450 * 10 and the lowest amount of energy 310 + 10 in Barnyard millet (Kuthiravali).

Table 1. Study of energy in various types of millet powder.

Millet Energy (KJ])
Bajra (Kambu) 1450 + 10
Sorghum (Solam) 1400 + 12
Ragi (Kezhvaragu) 1345+ 10
Little millet (Saamai) 1440 £ 15
Kodo millet (Varagu) 1380 £ 10
Foxtail millet (thinai) 330+5
Barnyard millet (Kuthiravali) 310+ 10
Energy (KJ)
1600
1400 -
1200 -
1000 -
800 -
600 -
400 - = Energy (KJ)
200 -
0 4
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Figure 8. Study of energy in various types of millet powder.

3.2. Study of Carbohydrate in Various Types of Millet Powder

In Table 2 and Figure 9. It shows the comparative study of carbohydrate in
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various millet powders. Among these varieties Sorghum (Solam) had the highest
amount of carbohydrate 68.5 + 0.81 and the lowest amount of carbohydrate 58.3
+ 0.5 in Foxtail millet (Thinai).

Table 2. Study of carbohydrate in various types of millet powder.

Millet Carbohydrate (g)
Bajra (Kambu) 60.70 + 0.5
Sorghum (Solam) 70 £0.72
Ragi (Kezhvaragu) 68.5 + 0.81
Little millet (Saamai) 65.5 £ 1.5
Kodo millet (Varagu) 65.8 +£1.19
Foxtail millet (thinai) 58.3+0.5
Barnyard millet (Kuthiravali) 60.07 = 1.5
Carbohydrate (g)
80
60
40
20
0 Carbohydrate (g)
S G G R )
FFEF IS
%o* & F® @\\ &b
F @
< F

Figure 9. Study of carbohydrate in various types of millet powder.

3.3. Study of Protein in Various Types of Millet Powder

In Table 3 and Figure 10. It shows the comparative study of protein in various
millet powders. Among these varieties Foxtail millet (Thinai) had the highest
amount of protein 12.0 + 0.31 and the lowest amount of protein 5.2 + 0.12 in

Barnyard millet (Kuthiravali).

Table 3. Study of protein in various types of millet powder.

Millet Protein (g)

Bajra (Kambu) 10.85 + 0.26

Sorghum (Solam) 11.21+£0.3
Ragi (Kezhvaragu) 8.5+0.53
Little millet (Saamai) 9.2+1.2
Kodo millet (Varagu) 892+ 1.0
Foxtail millet (thinai) 12.0£0.3
Barnyard millet (Kuthiravali) 52 +0.12
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Figure 10. Study of protein in various types of millet powder.

3.4. Study of Fat in Various Types of Millet Powder

In Table 4 and Figure 11. It shows the comparative study of fat in various millet
powders. Among these varieties Bajra (Kambu) had the highest amount of fat 5.21
+ 0.3 and the lowest amount of fat 1.72 + 0.2 in Sorghum (Solam).

Table 4. Study of fat in various types of millet powder.

Millet Fat (g)
Bajra (Kambu) 521+0.3
Sorghum (Solam) 1.72£0.2
Ragi (Kezhvaragu) 1.90 £ 0.2
Little millet (Saamai) 2.50 £ 0.2
Kodo millet (Varagu) 2.50 £ 0.3
Foxtail millet (Thinai) 428+04
Barnyard millet (Kuthiravali) 2.18+0.12
Fat (g)
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Figure 11. Study of fat in various types of millet powder.

3.5. Study of Fibre in Various Types of Millet Powder

In Table 5 and Figure 12. It shows the comparative study of fibre in various millet
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powders. Among these varieties Bajra (Kambu) had the highest amount of fibre
11.50 £ 0.5 and the lowest amount of fibre 6.25 + 0.45 in Kodo millet (Varagu).

Table 5. Study of fibre in various types of millet powder.

Millet Fibre (g)
Bajra (Kambu) 11.50 + 0.5
Sorghum (Solam) 10.21 + 0.4
Ragi (Kezhvaragu) 1120+ 0.5
Little millet (Saamai) 6.39 £ 0.5
Kodo millet (Varagu) 6.25 + 0.45

Foxtail millet (Thinai) -

Barnyard millet (Kuthiravali) -

Fibre (g)

14
12

10

8 i

6 i T - O O O OO

. I

9 & B mFibre(g)
0 A4 - - - I I

Figure 12. Study of fibre in various types of millet powder.

3.6. Study of Moisture in Various Types of Millet Powder

In Table 6 and Figure 13. It shows the comparative study of moisture in various
millet powders. Among these varieties Kodo millet (Varagu) had the highest
amount of moisture 14.2 + 0.52 and the lowest amount of moisture 8.94 + 0.2 in
Bajra (Kambu).

Table 6. Study of moisture in various types of millet powder.

Millet Moisture (g)
Bajra (Kambu) 8.94+0.2
Sorghum (Solam) 9.00 £ 0.2
Ragi (Kezhvaragu) 10.85+ 0.5
Little millet (Saamai) 13.25+04
Kodo millet (Varagu) 14.2 £ 0.52

Foxtail millet (Thinai) -

Barnyard millet (Kuthiravali) -
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Figure 13. Study of moisture in various types of millet powder.

3.7. Study of Ash in Various Types of Millet Powder

In Table 7 and Figure 14. It shows the comparative study of ash in various millet
powders. Among these varieties Ragi (Kezhvaragu) had the highest amount of ash
1.95 £ 0.3 and the lowest amount of moisture 1.35 + 0.2 in Sorghum (Solam).

Table 7. Study of ash in various types of millet powder.

Millet Ash (g)
Bajra (Kambu) 1.37+£0.3
Sorghum (Solam) 1.35+0.2
Ragi (Kezhvaragu) 1.95+0.3
Little millet (Saamai) 1.65+0.2
Kodo millet (Varagu) 1.62 £0.2

Foxtail millet (Thinai) -

Barnyard millet (Kuthiravali) -

Ash (g)
2.5

15
I
0‘(5) = Ash (g)

@ & S
T F S
T T TS5

D >
\)\ “Q Q&L& (b@‘b
Q
Figure 14. Study of ash in various types of millet powder.

3.8. Study of Minerals in Various Types of Millet Powder

In Tables 8-9 and Figures 15-20. It shows the comparative study of minerals (Co-
balt, Copper, Iron Aluminium, Calcium, Chromium) in various millet powders.
Among these varieties Bajra (Kambu) had the highest amount of Cobalt 0.035 +
0.012, Iron 7.52 *+ 0.94, Foxtail millet (Thinai) had the highest amount of copper
1.63 + 0.02, Ragi (Kezhvaragu) had the highest amount of Aluminium 3.65 £ 0.72,
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Calcium 383 + 24, Barnyard millet (Kuthiravali) had highest amount of Chro-
mium 0.092 + 0.021 and lowest amount of Cobalt 0.002 =+ is Little millet (Saamai),
Copper 0.36 £ 0.01, Iron 3.52 £ 0.32, Aluminium 1.85 + 0.49, Calcium 17.23 £
1.32 is Kodo millet (Varagu) and chromium 0.015 * 0.005 is Sorghum (Solam).

Table 8. Study of cobalt, copper and iron in various types of millet powder.

Millet Cobalt (mg) Copper (mg) Iron (mg)

Bajra (Kambu) 0.035 £ 0.012 0.63 = 0.026 7.52 £ 0.94

Sorghum (Solam) 0.016 +0.002 0.56 + 0.02 4.62 +0.46

Ragi (Kezhvaragu) 0.026 + 0.007 0.75 +£0.05 5.21£0.31

Little millet (Saamai) 0.002 £ 0.00 0.42 £ 0.02 2.31+0.51

Kodo millet (Varagu) 0.005 + 0.001 0.36 £ 0.01 3.52 +0.32
Foxtail millet (Thinai) 0 1.63 £ 0.02 0
Barnyard millet (Kuthiravali) 0 0.82 +0.03 0

Table 9. Study of aluminium, calcium and chromium in various types of millet powder.

Millet Aluminium (mg) Calcium (mg) Chromium (mg)
Bajra (Kambu) 2.45+0.53 30.23 £2.46 0.026 £ 0.003
Sorghum (Solam) 2.89 £ 0.62 32.92 +2.56 0.015 £ 0.005
Ragi (Kezhvaragu) 3.65 £ 0.72 383 +24 0.032 £ 0.001
Little millet (Saamai) 0 19.8 £ 1.52 0.02 £ 0.002
Kodo millet (Varagu) 1.85 +0.49 17.23 +1.32 0.026 +0.015
Foxtail millet (Thinai) 0 0 0.03 £ 0.002
Barnyard millet (Kuthiravali) 0 0 0.092 + 0.021
Cobalt (mg)

0.04

0.03

0.02

0.01 I
0 -—
F oSS
o & & L
\)\ %’ Q°+ ‘@
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Figure 15. Study of cobalt in various types of Millet powder.
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Figure 16. Study of copper in various types of millet powder.
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Figure 17. Study of iron in various types of millet powder.
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Figure 18. Study of aluminium in various types of millet powder.
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Figure 19. Study of calcium in various types of millet powder.
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Figure 20. Study of chromium in various types of millet powder.
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3.9. Study of Vitamins in Various Types of Millet Powder

In Tables 10-11 and Figures 21-27. It shows the comparative study of vitamins
(B1, B2, B3, B5, B6, B7 and BY). Among these varieties Foxtail millet had highest
amount of Vitamin Bl 0.45 £ 0.05, Vitamin B5 0.75 £ 0.03, Barnyard millet
(Kuthiravali) had highest amount of Vitamin B3 0.15 + 0.04, Bajra (Kambu) had
highest amount of Vitamin B2 0.18 + 0.02 and Vitamin B6 0.35 + 0.03, Little millet
(Saamai) had highest amount of Vitamin B7 6.52 + 0.65, Soghum (Solam) had
highest amount of Vitamin B9 38.63 + 2.50 and lowest amount of Vitamin B1 0.24
+ 0.04, Vitamin B2 0.04 + 0.02, Vitamin B6 0.05 *+ 0.005 is Little millet (Saamai),
Vitamin B3 0.90 + 0.11 is Bajra (Kambu), Vitamin B5 0.34 + 0.03, Vitamin B9
34.25 + 0.43 is Ragi (Kezhvaragu) and Vitamin B7 0.74 + 0.03 is Sorghum (Solam).

Table 10. Study of Vitamin B1, B2, B3 and B5 in various types of millet powder.

Millet B1 (mg) B2 (mg) B3 (mg) B5 (mg)

Bajra (Kambu) 0.24+0.02 0.18 £0.02 0.9 +0.11 0.62 + 0.023
Sorghum (Solam) 0.38+0.01 0.15+0.01 2.15+0.34 0.35+0.02

Ragi (Kezhvaragu) 0.37+0.02 0.19+0.02 2.12+0.24 0.34 £ 0.03
Little millet (Saamai) 0.24+£0.04 0.04 £0.002 1.56+0.41 0.63 = 0.07
Kodo millet (Varagu) 0.26 £0.04 0.18+0.02 1.52+0.31 0.53 £ 0.06
Foxtail millet (Thinai) 0.45+0.05 0.13+£0.03 3.45%0.26 0.75 = 0.03

Barnyard millet (Kuthiravali) 0.3 +0.01 0.15+0.04 4.86+043 0

Table 11. Study of Vitamin B6, B7 and B9 in various types of millet powder.

Millet B6 (mg) B7 (mg) B9 (mg)
Bajra 0.35+0.03 0.75 £ 0.024 35.1 £0.52
Sorghum 0.32 £0.023 0.74 £ 0.03 38.63 £ 2.50
Ragi 0.06 £ 0.002 0.89 £ 0.04 3425 +£0.43
Little millet 0.05 £ 0.005 6.52 £ 0.65 35.5+0.35
Kodo millet 0.09 £0.012 1.93 £0.26 38.25 £ 0.45
Foxtail millet 0 0 0
Barnyard millet 0 0 0
BI (mg)
0.5
0.4
0.3
02
0.1
0
¥ X X X X
Q;S.\(b &@'@ Q-‘D?g 6\\\\6 6.\\\\0 ‘§,\0 ‘\\\6
J ) (\\c obo \fv\\ ‘b@
\> ‘&' <¢°+ ,éd
&

Figure 21. Study of vitamin B1 in various types of millet powder.
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Figure 22. Study of vitamin B2 in various types of millet powder.
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Figure 23. Study of vitamin B3 in various types of millet powder.
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Figure 24. Study of vitamin B5 in various types of millet powder.
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Figure 25. Study of vitamin B6 in various types of millet powder.
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Figure 26. Study of vitamin B7 in various types of millet powder.
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Figure 27. Study of vitamin B9 in various types of millet powder.

The maximum amount of energy gained from millet is 1450 + 10 (Bajra-
Kambu), an average amount of carbohydrate present in various millet powders is
65 g, Sorghum (Solam) is rich source of Protein 11.21 + 0.3 g, Bajra (Kambu) is
rich source of fat (5.21 + 0.3 g) and fibre (11.50 0.5 g). In minerals, among these
varieties Bajra (Kambu) had highest amount of Cobalt 0.035 + 0.012, Iron 7.52 *
0.94, Foxtail millet (Thinai) had highest amount of copper 1.63 + 0.02, Ragi (Kezh-
varagu) had highest amount of Aluminium 3.65 + 0.72, Calcium 383 + 24, Barn-
yard millet (Kuthiravali) had highest amount of Chromium 0.092 + 0.021 and
lowest amount of Cobalt 0.002 = is Little millet (Saamai), Copper 0.36 £ 0.01, Iron
3.52 £ 0.32, Aluminium 1.85 * 0.49, Calcium 17.23 * 1.32 is Kodo millet (Varagu)
and chromium 0.015 * 0.005 is Sorghum (Solam). In vitamins, Foxtail millet had
highest amount of Vitamin B1 0.45 + 0.05, Vitamin B5 0.75 + 0.03, Barnyard mil-
let (Kuthiravali) had highest amount of Vitamin B3 0.15 * 0.04, Bajra (Kambu)
had highest amount of Vitamin B2 0.18 + 0.02 and Vitamin B6 0.35 + 0.03, Little
millet (Saamai) had highest amount of Vitamin B7 6.52 £ 0.65, Soghum (Solam)
had highest amount of Vitamin B9 38.63 + 2.50 and lowest amount of Vitamin B1
0.24 £ 0.04, Vitamin B2 0.04 + 0.02, Vitamin B6 0.05 £ 0.005 is Little millet
(Saamai), Vitamin B3 0.90 £ 0.11 is Bajra (Kambu), Vitamin B5 0.34 + 0.03, Vit-
amin B9 34.25 + 0.43 is Ragi (Kezhvaragu) and Vitamin B7 0.74 + 0.03 is Sorghum
(Solam).
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4. Conclusion

This study concluded that millets are good sources of nutrients and in these dif-
ferent types of millet powder the highest amount of nutrients is achieved by Bajra,
Sorghum, Ragi, and Little millet. According to the comparative statement, all mil-
let sources are good sources of carbohydrates. Solam (Protein 11.21 g, Chromium
0.015 mg, Vitamin B9 34.25 mg, Vitamin B7 0.74 mg) and Bajra (Fat 5.21 g, Fibre
11.50 g, Vitamin B2 0.18 mg, Vitamin B3 0.90 mg) had the highest source of nu-

trients by comparing with other minerals.
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