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Browntop millet (BTM) is small-seeded annual grass cultivated as grain

crop, primarily on the marginal lands in dry areas in temperate, subtropical

and tropical regions. It is increasingly receiving attention of the scientific

community. Aim of this systematic review is to study the physiochemical,

sensory, functional and nutritional properties as well as health benefits of

browntop millet. This paper is based on quantitative and qualitative secondary

data obtained from 71 out of 208 descriptive and scientific literature reviewed

and analyzed from the national and international electronic platforms. The

scientific literature based on browntopmillet has been found scanty. According

to the few studies available energy ranges from 338.0 kcal to 368.62 kcal. The

carbohydrate, crude fiber and fat content of BTM is 71.32 gm, 8.06–16.08%,

1.89 gm, respectively. Protein is between 11.64% and 10.72%. Browntop millet

contains phytochemicals such as flavonoids, quinones, tannins, and resin.

There is galore scope for development and standardization of value added

products made from browntop millets such as ready to eat foods (cookies,

bars, deserts, etc) and ready to cook foods (idli mix, poha, etc) in which the

millet can be used in combination with other cereal grains. Thus, browntop

millet holds great potential in alleviating food and nutrition insecurity. It has

good nutritional value. It can be used for the prevention and management of

several non-communicable diseases. In order to make this smart food popular

among farmers and consumers, systematized studies in the field of agriculture,

nutrition, toxicology, naturopathy and biomedical sciences need to be done

and documented properly. From ancient times BTM has been used in many

forms such as forage, staple food or in many traditional dishes. An e-repository

can be made of the traditional Indian foods made from BTM to popularize its

use among the younger generations.
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Introduction

Millets are small-seeded annual grasses belonging to Poaceae family. They are

cultivated as grain crops, primarily on marginal lands in dry areas in temperate,

subtropical and tropical regions. These crops have many advantages in terms of ability
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to thrive and give good yield even under adverse conditions

(Gomashe, 2017). Being good source of fiber, polyphenols and

other biological active compounds, they are also considered to

play an important role in lowering the rate of fat absorption,

retarding the release of sugars (low glycemic index) and

thus reducing risk of several non-communicable diseases such

as heart disease, diabetes and high blood pressure (Kumar

et al., 2018). Amongst various small millets, the importance of

browntop millet (BTM) (Urochloa ramosa; Panicum ramosum

L.; Brachiaria ramosa L. Stapf ) has been recognized recently as

it has huge potential to give high yield in resource-poor and

fragile ecological conditions and thus can ensure economic and

nutrition security as well as sustainability in production of small

farm holders (Maitra, 2020). As per the Gazette no. 133 issued

by Government of India (GoI) in 2018, millets have received

the much needed attention. However, BTM is yet to receive

recognition in the gazette. Millets are considered to be smart

foods (International Crop Research Institute for the Semi-Arid

Tropics (ICRISAT), 2022). Indian Institute of Millet Research

is currently working on BTM (Madhusudhana et al., 2021).

Therefore, the present study was planned to address various

questions such as:

• Origin and yield of BTM.

• Physiochemical, nutritional and sensory properties

of BTM.

• Comparison of BTM nutritional properties to other major

and minor millets available in India.

• Food and non-food uses of BTM.

• Health benefits of BTM.

• Future scope of research work on BTM.

Methods

Types of outcome measures

Studies (including secondary data) reporting origins of

BTM, yield, physiochemical, sensory, functional and nutritional

properties of BTM and its health benefits were considered and

included while reviewing scientific literature.

Types of study

Review articles, research articles and reports.

Source of data

Reference books and electronic search engines like Google

scholar, research gate, Pubmed and CERA J-gate which provided

published research/ review articles in indexed journals about the

BTM—origin, uses in different regions of India, physiochemical,

sensory, functional and nutritional properties, health benefits of

BTM, as well as websites of relevant organizations were referred

for this study.

Search methods

A thorough review of scientific literature was done

using the keywords “millet”, “browntop millet”, “brachiaria

ramosa”, “urochloa ramosa”, “panicum ramosum”, “health

benefits”, “nutrition”, “physical properties”, “nutritional

value”, “browntop millet origin”, “production”, etc. The policy

documents and scientific literature available on websites of

Government of India (GoI), Indian Institute of Millets Research

(IIMR), Indian Agriculture Research Institute (IARI), Ministry

of Agriculture & Farmers Welfare (MoAFW), International

Crops Research Institute for the Semi-Arid Tropics (ICRISAT),

etc., were reviewed thoroughly. The search was limited to

literature published from 1984 to 2022.

Selection criteria and analysis

As per the inclusion and exclusion criteria (Figure 1), all

titles and abstracts were screened to determine eligibility and

full articles were independently assessed. For inclusion, scientific

literature had to cover research or data on the above mentioned

at least two keywords.

Out of all the scientific literature (n= 208) that followed the

search results; reviews, opinions, letters to the editor and articles

not in English, were excluded. Out of the remaining studies,

literature which correlated with the agriculture and disease on

the BTM plant or providing repetitive information and other

studies that were only related to other major and minor millets

produced in India were excluded. Salient programmes and their

reports were identified in which data on scientific information

on BTM—history, yield, nutrition specific and/or nutritive

value, physiochemical/sensory properties and uses were given.

Finally, a total of 71 scientific papers/literature/ websites were

selected for this paper (Figure 1).

The paper concludes with discussion on scope of work and

unrealized potential of BTM and research recommendations.

Results

Origin and production

Historical evidence (archaeo-botanical researches from the

Neolithic south Indian sites) indicates that the early occurrence

or first domestication of BTM was during the pre-historical

period. It grew on the Deccan of southern parts of India from
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FIGURE 1

Algorithm of method followed for selection of studies chosen for the study.

where it traveled to other parts of the country (Kingwell-Banham

and Fuller, 2014). This millet was present in the staple-crop

fields as a weed alongside other crops in southern India from

beginning of the third millennium BCE (Fuller, 2006). During

the second millennium BCE it reached to Gujarat and Tamil

Nadu (Cooke et al., 2005). The grains of browntop millet have

been observed in scattered sites in Odisha and the Gangetic

plains. However, literature does not provide any authenticate

information about commercial farming of this millet (Harvey,

2006). Up to the seventh century, existence of browntop millet

was recognized at certain areas in Maharashtra (Paithan).

However, with the passage of time cultivation of this crop got

substituted by more productive millets, including pearl millet,

sorghum, finger millet as well as foxtail millet. According to

Sheahan (2014) browntop millet got originated in south-east

Asia and presently it is grown in Africa, western Asia, Arabia,

Australia and China (Clayton et al., 2006). It is grown in some

parts of the USA as a fodder crop, largely to provide food for

game birds, and was introduced by India at around 1915 (Oelke

et al., 1990). In India, its existence is noted in the fields of little

millet (Sakamoto, 1987).

Being domestic in India, it grows well in the dryland

tracts of Karnataka-Andhra Pradesh border areas, Tamil Nadu

and Maharashtra (Bhat et al., 2018), covering regions of

Tumkur, Chitradurga, Mandya and Chikkaballapura districts in

Karnataka and Ananthpur district in Andhra Pradesh and the

crop is additionally grown and consumed in limited quantities

in Bundelkhand region (north central India) (Reddy and Prasad,

2017). It is named differently in Indian languages as “korale”

and “kadu-baragu” in Kannada, “andakorra” and “pedda-sama”
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in Telugu (Fuller et al., 2004; Fuller, 2006). It is also known as

signal grass and is considered as one of the rare millet (Maitra,

2020).

Millets, often referred as smart food or smart crops, are

the staple foods of people living in arid and semi-arid regions

of the world. Especially in Asian and African countries. Minor

millets are also referred as “coarse grains” or “poor man’s crops”

or “small millets” which include proso millet, finger millet,

little millet, kodo millet, browntop millet, barnyard millet,

and foxtail millet. They are not even traded in local markets

in many countries (Ashoka and Sunitha, 2020). According to

Chandel et al. (2014) and Perumal (2018), India has been the

leading producer of millets followed by Nigeria and China. The

production of millets has increased from 10.28 million tons

in 2016 to 12.49 million tons in 2020. While in 2016 India

contributed 37.34%, in 2020 the contribution was nearly 41%

to the world’s production of millets. Contribution to the pool

of millets production in Asia by India has been most significant

i.e., 80.46% in 2016 and 79.36% in 2020 (FAOSTAT, 2022). Refer

Tables 1, 2 for more details.

As reported by Niharika V. et al. (2020) the average grain

yield of BTM is 12.13 g per plant; the highest grain yield

being of IC 617961 variety i.e., 20.38 g per plant. A study was

conducted on growth and yield attributes of browntop millet

(Brachiaria ramosa) in red sandy soils of Dharwad in Karnataka

by Ashoka and Rajkumar (2020). They reported that the grain

yield of browntop millet without any fertilizer was only 3.95

q/ha. However, by using the combination of organic manure

and inorganic fertilizer the grain yield of BTM increased to

7.38 q/ha.

Physiochemical properties

Moisture content: Moisture content of grains is one of

the important factors which influence its physical properties

(Goswami et al., 2015). It indicates as whether the grains

can be stored for a long or short period of time (Ramashia

et al., 2018). It influences the shelf life of grains, physical,

sensory as well as functional properties. According to Food

Safety and Standards Authority of India (FSSAI) (2011), the

moisture content of grains/millets should not be more than

16.0 per cent by weight. According to a study carried out by

Nagaraju et al. (2020) the moisture content of the BTM was

found to be 11.2 ± 0.16% on wet basis. Hemamilini et al.

(2021) found 7.32% moisture present in BTM and 3.08–5.99%

of moisture content was recorded in a study by Saini and Sasmal

(2022).

A study was conducted on analyzing the chemical

properties of different types of browntop millet (brachiaria

ramosa) flour obtained by various processing methods i.e.,

soaking, germination, fermentation, dryheating, hydrothermal

treatment and extrusion cooking were assessed by Sirisha

et al. (2022). The lowest moisture content was found in

dry heated dehulled browntop millet flour i.e., 1.92 ±

0.05% whereas whole browntop millet flour had highest i.e.,

8.99 ± 0.06% moisture (Figure 2). The moisture content

ranged between 1.92 ± 0.05% and 8.99 ± 0.06% while no

significant have been given by FSSAI for millet flour. If we

compare it with the values recommended by Food Safety

and Standards Authority of India (FSSAI) (2011), for whole

wheat flour which should not be more than 14% then all

TABLE 1 Country wise production of millets in million tons (2016–2020).

Continents/Countries 2016 2017 2018 2019 2020

Asia 12.775849 15.178999 15.021720 13.616847 15.737396

India 10.280000 11.556890 11.633080 10.235830 12.490000

China 1.394597 2.548400 2.342295 2.300501 2.300499

Africa 13.416744 12.741067 15.989582 13.669524 13.806107

Niger 3.886079 3.790028 3.856344 3.270453 3.508903

Mali 1.806559 1.492650 1.840321 1.878527 1.921171

North America 0.341770 0.337680 0.262970 0.376660 0.208880

United States 0.341770 0.337680 0.262970 0.376660 0.208880

South America 0.006867 0.005328 0.002254 0.004140 0.005441

Argentina 0.006867 0.005328 0.002254 0.004140 0.005441

Europe 0.952005 0.513511 0.318638 0.629303 0.669103

Belarus 0.027964 0.018365 0.019890 0.018016 0.015637

Ukraine 0.189670 0.084440 0.080460 0.169730 0.256050

Oceania/Australia 0.036400 0.036630 0.036252 0.036344 0.036436

World 27.529662 28.813215 31.631637 28.333094 30.463642

Source: FAOSTAT (2022).
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TABLE 2 State wise production of millets during 2018–19 (production in tons).

State/UT Sorghum Bajra Ragi Small millets Total millets

Andhra Pradesh 230.09 22.68 43.14 6.00 301.91

Assam - - - 3.06 3.06

Bihar 0.76 3.53 3.09 7.00 14.37

Gujarat 96.47 892.80 9.64 1.24 1,000.15

Haryana 21.28 878.28 - - 899.56

Himachal Pradesh - - 1.82 4.06 5.88

Jammu & Kashmir - 13.59 - 1.70 15.29

Karnataka 891.69 176.38 677.52 16.59 1,762.17

Kerala - - 0.27 0.03 0.31

Madhya Pradesh 164.18 628.17 - 59.00 851.34

Maharashtra 872.48 332.23 93.48 21.12 1,319.31

Meghalaya - - - 2.74 2.74

Odisha 4.56 1.34 25.30 16.98 48.18

Punjab - 0.72 - - 0.72

Rajasthan 469.57 3,808.16 - 10.60 4,288.34

Tamil Nadu 464.48 118.00 256.00 34.99 873.47

Uttar Pradesh 183.31 1,779.43 109.85 4.53 2,077.12

West Bengal - 0.03 2.93 4.61 7.57

Delhi 3.04 3.25 - - 6.29

All India 3,475.41 8,664.13 1,238.70 333.00 13,711.24

Source: Dayakar et al. (2021).

types of BTM flour had moisture content well below the

recommended level.

Seed mass: Seed mass is related to the size of the seeds.

Larger seeds have higher tendency to germinate. It is also

closely related to nutrient content. According to Saini and

Sasmal (2022) the mass of 1,000 BTM grains was 3.66 ±

0.00 g. One thousand grains were counted, and afterwards,

the weight of grains were recorded in grams to the closest

one decimal point. Other studies conducted by Nagaraju

et al. (2020) and Titkare et al. (2021) found the mean

weight of 1,000 BTM seeds to be 3.42 ± 0.14 g and 2.49 g,

respectively.

Seed volume: Seed volume is inversely proportional to the

seed density means higher the density lowers the volume, vice-

versa. Seed volume of BTM has been reported to be 3.00 ±

0.00ml by Mohsenin (1986). To calculate the seed volume of

BTM one thousand BTM grains were counted and transferred

to a 50ml measuring cylinder and 25ml of demineralized water

was added to it.

Bulk density: The bulk density is the ratio of the mass of

seed samples to its total volume. It is a function of the closeness

of packaging (Khatoniar andDas, 2020). To find bulk density ten

grams of the BTM grain are placed in a 25ml graduated cylinder

and packed by gentle tapping of the cylinder on a bench top, ten

times, from a height of 5–8cm. The final volume of the grain is

expressed as bulk density (Ramashia et al., 2018). Bulk density of

BTM was found to be 0.67 ± 0.00 g/ml by Sravani et al. (2020).

Nagaraju et al. (2020) and Titkare et al. (2021) have reported the

bulk density of BTM grains to be 601.17 ± 4.08 kg/m3 and 545

kg/m3, respectively.

Porosity: It is defined as the ratio of empty space of seeds

to its total volume and it is important in storage process. The

porosity of BTM was reported to be 87.78 ± 1.11% by Sravani

et al. (2020). Similar studies found the porosity as 58.34%

(Titkare et al., 2021) and 53.74± 3.23% (Nagaraju et al., 2020).

Ash content: Ash content represents the total mineral

content and hence the nutritive value of a food. The ash content

of BTM has been reported to range from 1.58 to 1.99 g/100 g

by Saini and Sasmal (2022). The ash content reported in similar

studies has been 8.62% (Hemamalini et al., 2021), 2.13 ± 0.21

g/100 g (Kishore et al., 2021) and 1.99 ± 0.01 g/100 g Saini and

Sasmal (2022). The ash content of BTM is thus greater than rice

(0.56± 0.08 g/100 g), wheat (1.42± 0.19 g/100 g), sorghum (1.39

± 0.34 g/100 g), pearl millet (1.37 ± 0.17 g/100 g), foxtail millet

(1.72± 0.27 g/100 g), fingermillet (2.04± 0.34 g/100 g) and little

millet (1.34± 0.16 g/100 g).

Dimensional properties: Dimensions include length, width

and thickness of a seed. Seed length is the largest linear

dimension of a seed, seed width is the largest linear dimension of

the same seed perpendicular to the length-axis at its mid-point
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FIGURE 2

Moisture content of di�erently processed browntop millet flour. Source: Sirisha et al. (2022).

and seed thickness is the largest linear dimension of the same

seed perpendicular to both the length-axis and the width-axis at

their mid-points (Ganhao and Dias, 2019). The mean values of

length, width and thickness of the BTM were found to be 3.00±

0.21, 1.79± 0.10 and 1.15± 0.09mm. The average results of the

geometric mean diameter and arithmetic mean diameter were

found to be 1.82 ± 0.09 and 1.99 ± 0.1mm at moisture content

of 11.2 ± 0.16% (Nagaraju et al., 2020). Dayakar et al. (2019)

has also reported the similar results for geometric and arithmetic

mean diameter.

Color and Shape: Color and shape of millet distinguishes it

from the other millets. It also influences sensory appeal. BTM

is small greenish oval grain (Figure 3). The tristimulous color

values for the BTM as determined byMinolta chromameter were

found to be L∗ = 60.45± 0.44, a∗ = 3.78± 0.06 and b∗ = 14.71

± 0.33. The L∗, a∗ and b∗ values help to find out the color of the

millet. The shape of the BTMwas oval having sphericity of 59.82

± 2.60% (Nagaraju et al., 2020). The shape of the kodo millet

(Gomez and Gupta, 2003) is very similar to browntop millet.

Its shape was determined by comparing the images (shapes)

of BTMs with the standard shapes presented in the chart by

Mohsenin (1986). The lengths of whole and dehulled BTM were

found to be in the range of 1.79 ± 0.00 mm−3.19 ± 0.11mm

FIGURE 3

Picture of browntop millet grain.

and 1.46± 0.00mm−1.93±0.03mm, respectively (Sravani et al.,

2020).

Nutritional attributes

Millets have unique nutrient composition which is good

for physical and mental health. They have high fiber and

vitamin content, low simple carbohydrates (ICAR-IIMR, 2016-

17). Browntop millet is high in nutrition and has high energy

content; 100 grams of BTM contains 338 Kcal of energy, 71.32 g
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of carbohydrate, 8.98 g of protein, and 1.89 g of fat (Roopa,

2015). It is a rich source of natural fiber i.e., 8.5% (Kishore et al.,

2021). Consumption of dietary fiber has long been associated

with health benefits like bowel movement, and maintenance

of normal blood cholesterol and glucose levels. Further, it is a

rich source of micro nutrients such as iron, calcium, potassium,

magnesium, zinc, phosphorus, and B group Vitamins (Sarita and

Singh, 2016). Therefore, BTM may serve as budding grain for

therapeutic diets (Hithamani and Srinivasan, 2014).

According to Kishore et al. (2021), BTM is a good source

of several minerals. It contains the 28mg of calcium, 7.72mg

of iron, 276mg of phosphorus, 60mg of potassium, 94.5mg of

magnesium, 1.99mg ofmanganese, 7.60mg of sodium, 2.5mg of

zinc, 1.23mg of copper per 100 gram of grain. Therefore, BTM

can be considered as a dietary component which may support

the prevention and management of certain non-communicable

diseases (Kishore et al., 2021). The residual stalk including

stem and leaves after harvesting the BTM (Panicum ramosum

L.) is used as livestock feed because it contains 56.7 g/kg

of crude protein and 594.2 g/kg of total digestible nutrient

(Kering and Broderick, 2018) along with higher level of minerals

like magnesium (5.9 g/kg), phosphorus (1.5 g/kg), and calcium

(9.0 g/kg). High fiber content and presence of some anti-

nutritional factors like phytates and tannins in millets affect

bioavailability of minerals but these compounds are limited

to millet seed coat which can be removed during processing

(Ramashia et al., 2019). According to the Tables 3, 4 which

shows comparison of macronutrients and micronutrients of

different millets and staple cereals with the browntop millet

(in percent), BTM contains 8.98 gm/100 gm of protein which

is higher than protein of rice, wheat, sorghum, proso millet,

finger millet, little millet, barnyard millet and kodo millet. Fat

content of BTM is 1.89 gm/100 gm which is much higher

than fat content of rice, wheat and sorghum. 71.32 gm/100

gm is the carbohydrate content of BTM that is higher than

wheat, sorghum, pearl millet, proso millet, finger millet, little

millet, barnyard millet and foxtail millet. Crude fiber value

of BTM is 8.06 gm/100gm which is higher than rice, proso

millet, little millet, foxtail millet and kodo millet. The energy

value of BTM is 1414 kj/100 gm which is greater than energy

TABLE 3 Energy and macro-nutrient content of di�erent millets and staple cereals compared with the browntop millet (in percent).

Cereal grain Energy (kj)
*↑ **↓

Carbohydrates

(gm) *↑ **↓

Crude fiber

(gm) *↑ **↓

Fat

(gm) *↑ **↓

Protein

(gm) *↑ **↓

Browntop millet (Roopa,

2015)

(Niharika V. et al., 2020)

1,414

–

71.32

–

–

8.06

1.89

–

8.98

↓16.24%

10.72

Rice

(Longvan et al., 2017)

1,491± 15

↑5.4%

78.24± 1.07

↑9.7%

2.81± 0.42

↓65.1%

0.52± 0.05

↓72.5%

7.94± 0.58

↓25.9%

Wheat

(Longvan et al., 2017)

1,347± 23

↓4.7%

64.72± 1.74

↓9.3%

11.23± 0.77

↑39.3%

1.47± 0.05

↓22.2%

10.59± 0.60

↓1.2%

Sorghum

(Longvan et al., 2017)

1,398± 13

↓1.1%

67.68± 1.03

↓5.1%

10.22± 0.49

↑26.8%

1.73± 0.3

↓8.5%

9.97± 0.43

↓7.0%

Pearl millet

(Longvan et al., 2017)

1,456± 18

↑3.0%

61.78± 0.85

↓13.4%

11.49± 0.62

↑42.5%

5.43± 0.64

↑187.3%

10.96± 0.26

↑2.2%

Proso millet

(Longvan et al., 2017)

1,388± 10

↓1.8%

66.19± 1.19

↓7.2%

6.39± 0.60

↓20.7%

2.55± 0.13

↑34.9%

8.92± 1.09

↓16.8%

Finger millet

(Longvan et al., 2017)

1,342± 10

↓5.1%

66.82± 0.73

↓6.3%

11.18± 1.14

↑38.7%

1.92± 0.14

↑1.6%

7.16± 0.63

↓33.2%

Little millet

(Longvan et al., 2017)

1,449± 19

↑2.5%

65.55± 1.29

↓8.1%

7.72± 0.92

↓4.2%

3.89± 0.35

↑105.8%

10.13± 0.45

↓5.5%

Barnyard millet

(Gopalan et al., 2021)

1,284

↓9.19%

65.5

↓8.8%

9.8

↑21.6%

2.2

↑16.4%

6.2

↓42.2%

Foxtail millet

(Gopalan et al., 2021)

1,384

↓2.1%

60.9

↓14.6%

8

↓0.7%

4.3

↑127.5%

12.3

↑14.7%

Kodo millet

(Patil et al., 2020)

1,500± 10.62

↑6.1%

71.80± 0.60

↑0.7%

6.12± 0.10

↓ 24.1%

4.48± 0.52

↑137.0%

7.7± 0.05

↓28.2%

*↑ indicates percent (%) higher amount compared to BTM.
**↓ indicates percent (%) lower amount compared to BTM.

Baseline data adapted from Roopa (2015); Longvan et al. (2017); Niharika V. et al. (2020); Patil et al. (2020); and Gopalan et al. (2021).
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TABLE 4 Comparison of micro-nutrients content of millets and staple cereals with the browntop millet (in percent).

Cereal grain Ash content

(gm) *↑ **↓

Calcium

(mg) *↑ **↓

Iron

(mg) *↑ **↓

Phosphorus

(mg) *↑ **↓

Zinc

(mg) *↑ **↓

Browntop millet (Kishore

et al., 2021)

(Niharika V. et al., 2020)

2.13± 0.21

–

28

13.97

↓50.1%

7.72

↓12.9%

8.86

276

–

2.5

2.11

↓15.6%

Rice

(Longvan et al., 2017)

0.56± 0.08

↓73.7%

7.49± 1.26

↓73.2%

0.65± 0.11

↓92.7%

96± 16.30

↓65.2%

1.21± 0.1 7

↓51.6%

Wheat

(Longvan et al., 2017)

1.42± 0.19

↓33.3%

39.36± 5.65

↑40.6%

3.97± 0.7 8

↓55.2%

315± 41.8

↑14.1%

2.85± 0.6 5

↑14%

Sorghum

(Longvan et al., 2017)

1.39± 0.34

↓34.7%

27.60± 3.71

↑1.4%

3.95± 0.94

↓55.4%

274± 35.7

↓0.7%

1.96± 0.31

↓21.6%

Pearl millet

(Longvan et al., 2017)

1.37± 0.17

↓35.7%

27.35± 2.16

↓2.3%

6.42± 1.04

↓27.5%

289± 25.3

↑4.7%

2.76± 0.36

↑10.4%

Proso millet

(Longvan et al., 2017)

1.72± 0.27

↓19.2%

15.27± 1.28

↓45.5%

2.34± 0.46

↓73.6%

101± 5.2

↓60.4%

1.65± 0.18

↓34%

Finger millet

(Longvan et al., 2017)

2.04± 0.34

↓4.2%

364± 58.0

↑1200%

4.62± 0.36

↓47.9%

210± 58.4

↓23.9%

2.53± 0.51

↑1.2%

Little millet

(Longvan et al., 2017)

1.34± 0.16

↓37.1%

16.06± 1.54

↓42.6%

1.26± 0.44

↓85.8%

130± 27.5

↓52.9%

1.82± 0.1 4

↓27.8%

Barnyard millet

(Gopalan et al., 2021)

4.4

↑106.6%

20

↓28.6%

5.0

↓43.6%

280

↑1.4%

3.0

↑20%

Foxtail millet

(Gopalan et al., 2021)

3.3

↑54.9%

31

↑10.7%

2.8

↓68.4%

290

↑5.1%

2.4

↓4%

Kodo millet

(Patil et al., 2020)

1.96± 0.05

↓1.9%

39.63± 0.76

↑41.5%

3.55± 0.32

↓59.9%

378.65± 1.04

↑37.2%

2.08± 0.20

↓16.8%

*↑ indicates percent (%) higher amount compared to BTM.
**↓ indicates percent (%) lower amount compared to BTM.

Baseline data adapted from Longvan et al. (2017); Niharika V. et al. (2020); Patil et al. (2020); Gopalan et al. (2021); and Kishore et al. (2021).

value of wheat, sorghum, proso millet, finger millet, barnyard

millet and foxtail millet. Calcium content of BTM is 28 mg/100

gm which is higher than calcium content of rice, pearl millet,

proso millet, little millet and barnyard millet. Iron content of

BTM is 8.86 mg/100 gm which is higher than iron content

of all the millets and staple cereal grains i.e., rice and wheat.

According to ICMR (2010), the bioavailability of iron is higher

in case of rice based Indian diets (4–5%), followed by wheat

Indian based diets (1.7–1.9%) and millet based Indian diet

(0.8–0.7%). Keeping this assumption in mind, if BTM is

substituted by rice in 1:1 ratio in typical Indian diets, the total

iron absorption would be 5.02% higher. Similarly, if BTM is

included in 1:1 ratio with wheat, the total iron absorption

would be 172.6% higher. Phosphorus content of BTM is 276

mg/100 gm which is higher than phosphorus content of rice,

sorghum, proso millet, finger millet and little millet while zinc

in BTM is 2.5 mg/100 gm which is higher than zinc content

of rice, sorghum, proso millet, little millet, foxtail millet and

kodo millet.

According to Niharika B. et al. (2020), millets are rich

in phytochemicals, also known as secondary metabolites such

as flavonoids, quinones, phenols, tannins, alkaloids, besides

carbohydrates and proteins. Her study found that flavonoids,

tannins, resins and quinones were found to be present in

BTM whereas in pearl millet, finger millet, sorghum and foxtail

millet flavonoids and quinones they were not detected. Amount

of phytochemicals present in BTM are unknown therefore,

emphasis need to be given to find out the exact amount of

therapeutic compounds present in BTM. Millets exhibit variable

antimicrobial activities. The antimicrobial activity of various

millets was studied by Niharika B. et al. (2020) and antimicrobial

activity of BTM against Bacillus subtilis was in the lowest zone of

inhibition i.e., 20mm and highest zone of inhibition (30mm)

was shown by foxtail millet.

Millets are safe when consumed in amoderate amount. They

have been consumed as staple food by millions of peoples in

the past thousands of years. However, excessive consumption of

millet might cause adverse effects. For example, millets contain
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TABLE 5 Percentage of energy value of macronutrients of di�erently processed food products of browntop millet.

Food products Energy Kcal/100 g Energy value of

carbohydrate (%)

Energy value of

crude fiber (%)

Energy value of fat

(%)

Energy value of

protein (%)

Whole browntop millet flour 306.8± 4.6 75.61 11.71 13.49 11.47

Dehulled browntop millet

flour

371.9± 1.1 66.18 2.09 15.17 18.61

Soaked whole browntop

millet flour

376.1± 1.8 81.18 8.23 10.21 8.59

Soaked dehulled browntop

millet flour

386.6± 6.7 76.58 1.26 11.82 13.16

Germinated whole browntop

millet flour

365.2± 2.4 79.89 12.15 10.64 9.05

Fermented whole browntop

millet flour

366.9± 8.9 81.86 11.65 13.09 6.65

Fermented dehulled

browntop millet flour

382.6± 10.9 73.26 6.22 16.65 14.00

Hydrothermally treated whole

browntop millet flour

385.9± 0.4 79.76 7.41 11.73 8.50

Hydrothermally treated

dehulled browntop millet

flour

396.5± 0.8 73.81 1.34 11.82 14.35

Dry heated whole browntop

millet flour

374.7± 16.2 85.06 7.67 9.99 8.76

Dry heated dehulled

browntop millet flour

383.8± 14.0 78.5 1.76 12.70 15.17

Extruded whole browntop

millet flour

375.8± 0.6 82.7 7.31 9.05 8.23

Extruded dehulled browntop

millet flour

384.3± 1.7 77.40 2.02 11.38 11.20

Baseline data adapted from Sirisha et al. (2022).

phytic acids; it is a chelating agent which binds with cations of

potassium, calcium, iron, zinc, magnesium and other cations

and reduces their bioavailability in the body (Boncompagni

et al., 2018). Besides phytic acid, goitrogens are also present.

Goitrogens interfere with the production of thyroid hormones

and inhibits iodine uptake and utilization by the thyroid gland

(Gaitan et al., 1989). Deficiency of iodine leads to an array

of Iodine Deficiency Disorders. In the Sudan region of Africa

where millet is consumed as the primary source of energy, the

occurrence of goiter has been found to be much greater than

anywhere else in the world (Eltom et al., 1984). Hence, people

with thyroid problems need to restrict consumption of millets.

Other anti-nutritional factors present in millets/BTM include

phenols, tannins, and enzyme inhibitors, and also a high amount

of protease and amylase inhibitors that affect the digestibility of

millets grains (Vetriventhan et al., 2020).

Thus, the advantage of having higher content of

micronutrients may to some extent be nullified by lower

bioavailability. More studies using state of art techniques

and different methods of cooking are needed to examine the

bioavailability of micronutrients including minerals and B-

vitamins to ascertain the nutritional advantage in vivo especially

for BTM. Processing can improve the bioavailability of nutrients

as well as functionality of BTM grains. Limited studies show

that bioavailability as well as functionality differs with the type

of processing and preparation.

Processing of BTM has been studied by some researchers.

Processing techniques like soaking and fermentation

reduce the interaction between nutrients and anti-

nutritional factors. They have been found to enhance

the antioxidant activity and total phenolic compounds of

BTM. Fermentation using curd has been found to increase

nutritional value at a low cost for browntop millet Saini

and Sasmal (2022). Millet grains, before consumption

are usually processed by commonly used traditional

techniques such as decortication, malting, fermentation,

roasting, flaking, and grinding to improve their edible,

nutritional, and sensory properties (Ahmed et al., 2006;
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Vinoth and Ravindhran, 2017). This could improve

bioavailability of nutrients. However, the extent to which

bioavailability may improve, need to be ascertained by

systematized research.

Sirisha et al. (2022) analyzed the nutritive value of different

types of browntop millet (brachiaria ramosa) flour obtained

through various processing methods i.e., soaking, germination,

fermentation, dry heating, hydrothermal treatment and

extrusion cooking. According to the study, germinated whole

browntop millet flour had lowest amount of energy i.e., 365.2

± 2.4 kcal/100 g and highest energy value was recorded in

hydrothermally treated dehulled browntop millet flour i.e.,

396.5 ± 0.8 kcal/100 g. Lowest amount of carbohydrate was

found in whole browntop millet flour i.e., 58.00 ± 1.06% and

highest (79.68 ± 0.75%) in dry heated whole browntop millet

flour. Hydrothermally treated dehulled browntop millet flour

had lowest crude fiber i.e., 2.42 ± 0.16% while highest amount

of crude fiber was present in fermented whole browntop millet

flour i.e., 19.44 ± 0.29%. Lowest percent of fat was recorded

in dry heated whole browntop millet flour i.e., 4.16 ± 0.08%,

while fermented dehulled browntop millet flour had the highest

amount of (7.08± 0.03%) fat. Fermented whole browntopmillet

flour had the lowest amount (6.10 ± 0.06%) of protein and

dehulled browntop millet flour had highest amount (17.31 ±

0.25%). Refer Table 5 for details. Low ash content was recorded

in soaked dehulled browntop millet flour i.e., 1.79 ± 0.17% and

5.80 ± 0.15% was the highest recorded in germinated whole

browntop millet flour (Figure 4). Almost all the BTM flour

had ash content higher than wheat—the staple cereal used in

India. No, specifications have been given by Food Safety and

Standards Authority of India (FSSAI) (2011), for millet flours.

Such data can be used to develop specifications by regulatory

agencies. Thus, to prepare value-added macronutrient rich

products dry heated whole browntop millet flour and fermented

dehulled browntop millet flour can preferably be used because

it has highest energy value percentage of carbohydrates and fat

FIGURE 4

Ash content of di�erently processed browntop millet flour. Source: Sirisha et al. (2022).
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i.e., 85.06% and 16.65%, germinated whole browntop millet

flour had highest energy value of crude fiber i.e., 12.15%.

Highest energy value of protein is 18.61% recorded in dehulled

browntop millet flour.

Niharika V. et al. (2020) studied nutritional traits and grain

yield of 30 indigenous collections of BTM (Brachiaria ramosa

(L.) Stapf.). It was found that the protein content varied from

8.93% to 19.33% with a mean of 10.72%, crude fiber content

varied from 6.5% to 9.87% with a mean of 8.06%, iron content

was between 3.70 mg/100 g and 15.32 mg/100 g with a mean of

8.86 mg/100 g, zinc content from 1.36 mg/100 g to 2.8 mg/100 g

with a mean of 2.11 mg/100 g, calcium content was from 8.00

mg/100 g to 33.00 mg/100 g with a mean of 13.97 mg/100 g, and

grain yield per plant ranged from 4.74 g to 20.38 g with amean of

12.13 g. The genotype IC 613556 had highest protein content, IC

613554 had highest crude fiber content, IC 617957 had highest

iron content, IC 606693 and the “28 bijapur collection” had

highest zinc content, IC 617952 had highest calcium content,

and IC 617961 had high grain yield per plant (Figures 5, 6).

A study was conducted by Saini and Sasmal (2022) in which

the effect of fermentation on the total phenolic compound

content of BTM (brachiaria ramosa) samples was studied. It

was found that the batch of BTM which was fermented for

18 h possessed the highest total phenolic content i.e., 73.50%w/w

whereas unfermented BTM had low phenolic content i.e.,

27.16%. BTM fermentation for 12 h and 48 h had 68 µmol

(highest) and 52.54 µmol (lowest) iron (Fe(II)/ml) content.

Uses

Browntop millet is a crop of versatile use as it is grown as

food for human consumption, forage and food for birds and

as raw material for industries (Sheahan, 2014). In countries like

India and Africa, small millets are consumed as whole or in form

of flour. They are mainly used as food and for allied purposes,

whereas in Japan they are mainly used as birds feed (Asharani

et al., 2010). Studies report that under drought and cold stressed

conditions the nitrate level reaches to toxic or lethal level and

the forage obtained should not be fed to animals. In Southern

part of India the grains of browntop millet from non-shattering

varieties are consumed as boiled whole grain (like rice), porridge,

kheer or unleavened bread and dosa (Nesbitt, 2005).

According to Reddy and Prasad (2017), BTM can be used

to prepare a variety of dishes. Its grains are used in preparing at

least nine traditional foods in southern India such as anna, dosai,

kheer, nuchina mudda, roti, nippattu, chakkulli, haralu, kodubale

and kadabuappe. Browntop millet is usually ground into flour

and used to make flat breads like roti or dosa or polished and

boiled to make gruel (kheer). Some of these foods are used in

religious rituals, which may partly account for its persistence in

cultivation (Kimata et al., 2000).

For human consumption, there is enough scope for value

addition in the form of idli mix or making of biscuit by

proportionately mixing browntop millet with other flours of

major cereals, namely, rice and wheat (Roopa, 2015). BTM is an

effective crop, much like oats (Bhat et al., 2018). Various ready-

to-eat (RTE) and ready-to-cook (RTC) value-added products

have been developed by University of Agricultural Science,

Dharwad like laddu, cookies and dosa mix by using BTM as a

core ingredient. BTM has beenmixed with other ingredients like

coconut, chocolate, drumstick etc (Table 6).

Millets fall under the category of C4 cereals. C4 cereals take

more carbon dioxide (CO2) from the atmosphere and convert it

to oxygen (O2), require low input, have high efficiency of water

use, and hence, are more environment friendly. Thus, millets

can help to phase out climatic uncertainties, reducing carbon

dioxide from atmosphere, and can contribute in mitigating the

climate change (Kumar et al., 2018). BTM is drought-tolerant,

early maturing and harvested in about 75–80 days earlier than

other millets. This millet is well suited for dry land, grown under

a variety of soils and climates (Kishore et al., 2020, 2021).

Health benefits

Millets have been recognized as smart foods in view of

their health benefits by International Crops Research Institute

for the Semi-Arid Tropics. BTM is also rich in fiber i.e., 12.5

gm per 100 gram (Indian Institute of Millets Research (IIMR),

2022) and fiber helps to detoxify the body by removing the

waste from the intestine. Fiber gets fermented in the colon

and act as a prebiotic in the colon (Lei et al., 2006). Due to

its high fiber content, if consumed regularly, BTM can help in

the prevention and management of several non-communicable

or lifestyle related diseases such as constipation, diverticulosis,

dyslipidemia, metabolic syndrome to name a few (Dayakar

et al., 2017; Ashoka and Sunitha, 2020). Millets have low

glycemic index (GI). Because of the low GI, millets help in

gradual increase in the post-prandial blood glucose levels. This is

particularly helpful for patients suffering from impaired glucose

tolerance as well as diabetes.

BTM contains good amount of minerals. It has significant

levels of magnesium which is 94.5 mg/100 gm (Kishore et al.,

2021). Magnesium is a vital mineral which aid in increasing the

efficiency of insulin and glucose receptors by supporting many

carbohydrate digesting enzymes, which manages insulin action

(Hemamalini et al., 2021) and it also helps to reduce the pressure

on blood vessels (Ashoka and Sunitha, 2020) which make it

capable of reducing the effects of myocardium infarction and

migraine (Sarita and Singh, 2016). BTM is gluten free and an

excellent choice for people suffering from celiac disease (Saleh

et al., 2013). BTM contain 276mg per 100 gm phosphorous

(Kishore et al., 2021). Phosphorous is involved in the structure

of every cell in the body, forming the mineral matrix of bone and

Frontiers in Sustainable FoodSystems 11 frontiersin.org

https://doi.org/10.3389/fsufs.2022.974126
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Singh et al. 10.3389/fsufs.2022.974126

FIGURE 5

Nutritive composition of macronutrient (protein and crude fiber) of di�erent types of genotype of browntop millet. Source: Niharika V. et al.

(2020).
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FIGURE 6

Nutritive composition of micronutrient (iron, zinc, and calcium) of di�erent types of genotype of browntop millet. Source: Niharika V. et al.

(2020).

essential component in molecule i.e., adenosine triphosphate

(ATP) also known as energy currency of the body (Hemamalini

et al., 2021).

Besides fiber and minerals, millets are also rich in

health-promoting phytochemicals like polyphenols, lignans,

phytosterols, phyto-oestrogens, phytocyanins, phenolic

compounds, tannis and flavonoids like, anthocyanins,

carotenoids, and tocopherols. They are natural antioxidant

that protect the phospholipid membrane around heart, nerves,

muscles, and red blood cells from the attack of free radicals

and thus prevent carcinogenesis, and aging (Theriault et al.,

1999; Chandrasekara and Shahidi, 2010; Dayakar et al., 2018).

Carotenoids are reported to prevent cardiovascular diseases

like atherosclerosis, (Dwyer et al., 2001), maintain normal

functioning of immune system, and retina of eyes (Beatty et al.,

1999; Hegde et al., 2002; Chandrasekara and Shahidi, 2010;

Sarita and Singh, 2016; Niharika B. et al., 2020). These also

function as, immune modulators and detoxifying agents. BTM

being rich in secondary metabolites (phytochemicals) can help

to reduce the risk for gastric ulcers and colon cancer.
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TABLE 6 Salient value added food products prepared from browntop millet.

Product name Salient characteristics Protein (gm/100

gm)

Fiber (gm/100 gm) Product Shelf life

(in months)

Browntop millet laddu RTE convenient snack. Good snack for

children and adolescents

6.76 - 3

Browntop millet breakfast

cookies

RTE. Gluten-free, rich in low trans fat and

prepared from jaggery

8.72 10 5

Browntop millet choco chip

cookies

RTE. Gluten-free, rich in low trans fat and

prepared from jaggery

7.71 9.5 5

Browntop millet coconut

cookies

RTE. Gluten-free, rich in low trans fat and

prepared from jaggery

10.63 8.51 5

Browntop millet butter

cookies

RTE. Gluten free, rich in low trans fat and

prepared from jaggery

11 10.56 5

Browntop millet dosa mix

drumstick leaves enriched

RTC. Good source of protein, fiber and zinc 13.52 2.66 4

Anna Eaten as boiled. - - -

Kheer Sweetened gruel eaten on festivities. Prepared

by mixing with sugar or jaggery. Good for

nursing mothers.

- - -

Nuchina Mudda Semi-solid porridge. Prepared by broken

grains of BTM and finger millet flour.

- - -

Roti Unleavened bread, prepared by baking. - - -

Dosai Unleavened thin pancake, prepared by frying

with vegetable oil.

- - -

Nippattu RTE deep-fried snack. Its dough was

prepared by mixing fried bengal gram and

groundnut.

- - -

Chakkulli RTE deep-fried snack. Prepared by mixing

flour of BTM with black gram flour or maida.

- - -

Haralu RTE deep-fried snack - - -

Kodubale and kadabuappe RTE deep-fried snack in groundnut oil. - - -

Source: Kimata et al. (2000), Dayakar et al. (2021).

Discussion

Scope for future research

This study indicates that while scanty literature and isolated

studies are available on BTM:- systematized evidence based

literature and research is lacking. So far BTM is not listed in

the “generally regarded as safe” (GRAS) list and no specific

regulations have been outlined for this millet by the Food Safety

and Standards Authority of India. There is an emergent need to

carry systematized research in various salient areas pertaining

to BTM such as nutritional and non-nutritional components in

various varieties of BTM, especially those grown in various parts

of India, in-vitro and in-vivo studies related to consumption of

BTM, toxicological studies for various varieties and different

parts of the plant (on both human and animal), bioavailability

of nutrients from BTM in typical Indian diet, scope of value-

added products prepared by using BTM, sensory and analytical

studies on BTM and products/dishes made from BTM, scope

of establishment of market linkages for BTM grains as well

as innovative products made from BTM, scope of bio-fuels

from BTM plant post-harvest, development, standardization

and safety/efficacy studies on designer food products using BTM

for specific diseases, development of regulations related to the

production, processing, sale of BTM in India as well as for

export, assessing the optimal use of water, manure, fertilizers

for BTM, assessing the quality of BTM currently available in

the market, animals studies on the safety aspects of using

BTM as feed, promoting non-food uses of BTM plants such

as in textiles, handicrafts, etc., e-database or e-repository on

cultivation, availability, composition and research work done in

above areas.
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Conclusion

Millets are increasingly being considered for promoting food

and nutrition security and contributing toward the attainment

of Sustainable Development Goals. While some millets are

familiar to mankind, others are even difficult to obtain by the

general masses in the local market. Browntop millet (BTM) is

one such nutrient dense grain about which not much scientific

evidence based information is available thereby making it

difficult for young and experienced researchers to work in

this area worldwide. Absence of evidence backed literature

is also hindering the use of BTM among the masses and

its use in government/ non-government supplementary food

programmes and the public distribution system.While BTM has

been used in many traditional dishes, its safety aspects need to

be ascertained. It is yet not listed in the “generally regarded as

safe” list. Availability, accessibility and affordability of BTM also

is a challenge which hinders its incorporation in daily dietaries.

Active participation of policy makers, academia and farmers

can help unleash the unrealized potential of browntop millet.

Government of India has been taking several steps to popularize

the consumption of millets by the masses as a step toward food

and nutrition security. As part of the International year formillet

i.e., 2023, the government of India is promoting popularization

of millets through series of lectures/talks, competitions, millet

bazaars (local markets), provision of millet based snacks/meals

in canteens/cafeterias and research for students, faculty and staff

in academic institutions. These and other similar awareness

generation initiatives/campaigns may prove to be beneficial in

promoting consumption of millets including BTM by themasses

at large.
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