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INTRODUCTION 

Chapatti, a flat baked product is prepared from wheat (Triticumaestivum) throughout the Indian 

subcontinent and parts of the MiddleEast, with little modification in preparationrecipe/procedure. In 

India, most of the wheat (∼90%) consumed is inthe form of chapatti, while the remaining is 

consumed in the preparationof bread, biscuits and cakes (Sharma and Gujral, 2014). Chapattiis 

generally prepared and consumed fresh in households as wellas in restaurants. Chapatti form a cheap, 

primary source of proteinand calories (Swaranjeet et al., 1982; Rehman et al., 2006) and staplediet 

common to Pakistan, India, and some parts of Africa (Nandiniand Salimath, 2001; Shewry and 

Tatham, 1994). Researchers are now a days trying to develop flat bread using other cereals alone or 

in combination to enhance the nutritional value, digestibility and to utilize other cereal grain 

nutritional and antioxidant potentail. 

 

Pearl millet isone of the most important drought tolerant crops cultivatedmostly in semi-arid parts of 

Africa and Asia. Pearl millet is taridtionally used in preparartion of chapatti, porridge and is 

consumed by people of low income group. However, Pearl millet is nutritionally superior to most of 

other cereals as itcontains high levels of calcium, iron, zinc, lipids, and goodquality 

proteins.Itpossesses more energy (1,517 kJ/100 g), protein (11.8 %)and fat (4.8 %) than 

sorghum(1,382 kJ energy, 10.4%proteinand 3.1 % fat) and maize (1,504 kJ energy, 9.2 % protein 

and4.6 % fat) (FAO 1995).Besides high nutritional value, theprotein efficiency ratio is also higher 

than that reported forwheat and sorghum. Pearlmillet also contain high amount of fibre as well as 

resistant starch making it suitable for diabetic people. Pearlmillet has been utilized in preparation of 

extruded products (yadavetal., 2014), porride (yadav et al., 2014), pasta (yadav et al, 2014). Pearl 

millet consumption has been associated with multiple health benefits, reduces cholesterol level, 

weight maintenece and to cope up with food security. To enhance the utilization and to target all 

economic groups, pearlmillet can be used in preparation of chappati. 

 

Objective  

1. Physicochemical and phytochemcal present in the pearl millet . 

2. Process optimization in the pearl millet . 

3. Storage study in the pearl millet chappati . 

4. Quality evalution of the chappati time and temperature . 



 

 

Material method  

Raw material Different ninety wheat varieties used in the study were collected from the various 

agricultural universities and research stations. 2 kg grains of each variety were grounded in Lab 

grinder  for whole wheat flour preparation. All flour samples were stored at −20 °C and were thawed 

for 2 h at room temperature (25 °C) for further analysis and use (Gujral et al., 2008 

Physical properties  

Weight (g) of 1000 kernels was recorded using the seed counter (Dexter et al., 1984). Thousand 

kernel weight (g) was determined using a sample free of foreign material and broken kernels. Test 

weight or hectoliter weights of all the samples were determined . The samples were poured into a 

100 ml stainless steel measuring cylinder. Excess of wheat was leveled off with a round stroker, 

and the weight of wheat grains in the cylinder was weighed to determine the test weight. 

 

 

 

 

 

 

 

 

 

                                               A COMPREHENSIVE REVIEW ON PEARL MILLETS 

 

 

Abstract-  

Pearl millet (Pennisetum glaucum), also known as Bajra, is one of the four most important cereals 

(rice, maize, sorghum and millets) grown in tropical semi-arid regions of the World primarily in 

Africa and Asia. Millet is a draught resistant crop with high productivity in areas with 

environmental changes and also has important nutritive values and high potential for food 

processing. Food and Agriculture policymakers in developing countries should provide more 

facilities for the promotion of the research and project work for improving processing and 

industrialization of millet grains. The purpose of this study is to review about pearl millet, variety of 

millets, their production and various research work done on pearl millet. 



Keywords – Pearl millet, Pennisetum glaucum, Bajra, cereals, millet grains. 

I.INTRODUCTION 

The nutritional composition of meal is the best criteria for maintaining health and physical status of a 

person. Dietary properties of foods is important for genetic and fitness which can also help to eradicate 

deep rooted malnutrition. Food production diversification needs to be encouraged both at country wide and 

household level in tandem with increasing yields and family strategies. Millets are one of the unused crops 

due to unawareness of its importance. Millets are mainly being used as animal and hen feed but has many 

nutritious and clinical features that can beneficial for human consumption. The little knowledge about 

nutritional aspect of millets and some important issues like decrease taste due to processing methods and 

coffee bioavailability in millets. Solving these problems can help improving the utilization of this crop (6). 

Millets are small-seeded, annual cereal grasses which can be well adapted to warm climates. At least 

four verities of millets are extensively grown in certain components of the world. These are Pearl millet 

(Pennisetum americanum, additionally called Pennisetum glaucum, and Pennisetum typhoideum), Proso 

millet (Panicum miliaceum), Finger millet (Eleusine coracana) and Foxtail millet (Setaria utalica). Pearl 

millet is the maximum broadly grown of all of the millets [1].  

Coarse cereals, namely sorghum, pearl millet and finger millet count on importance inside the cropping 

pattern of dry land areas as they require little inputs and are greater drought resistant in comparison to 

other competing crops. Coarse cereals are generally grown as twin purpose crops to fulfill both food, feed 

and fodder necessities. However, the previous few a long time noticed those plants lose place on account 

of declining demand due to trade in food conduct that ended in drop in actual charges vis-a vis other 

competing crops leading to erosion in relative profitability of those crops. However, the decrease costs of 

coarse cereal grains compared to different cereal plants extended their call for in opportunity makes use of 

like feed from the farm animals area and more lately as hen feed. A vast percentage of coarse cereal grain 

is likewise used for diverse industrial uses (eg, as starch within the alcohol industry). Further, the dietary 

cost of those vegetation offers a whole lot scope for development of value delivered merchandise in new 

health conscious client segments. The fodder from coarse cereals in particular sorghum and pearl millet 

are preferred as livestock feed due to their superior quality [4]. 

Pearl Millet (Pennisetum glaucum), also known as Bajra, is a cereal crop grown in tropical semi-arid 

regions of the sector by and large in Africa and Asia (Figure 1.1). Bajra is properly adapted to 

manufacturing structures characterized through low rainfall (200-600 mm), low soil fertility, and high 

temperature, and accordingly can be grown in areas where in other cereal vegetation, together with wheat 



or maize, could not survive. In its traditional developing areas, pearl millet is the basic staple for 

households within the poorest international locations and many of the poorest people (Figure 1.2). It is 

also one of the most drought resistant vegetation amongst cereals and millets. Pearl millet is commonly 

used as a temporary summer time pasture crop or in some areas as a meals crop. Pearl millet is one of the 4 

most crucial cereals (rice, maize, sorghum and millets) grown in the tropics and is rich in iron and zinc, 

includes high amount of antioxidants and these vitamins in conjunction with the antioxidants may be 

useful for the general health and wellness [3]. 

 

 

 

Figure 1.1 Millet Production Rate of World [3]. 

 

 

 

 

Figure 1.2 Pearl Millet is one of the important cereals grown in the tropics [3]. 

 

Pearl millet is the arena’s hardiest warm season coarse cereal crop. It can live on even at the poorest 

soils in the driest regions, on fairly saline soils and within the freshest climates. India is the biggest single 



manufacturer of pearl millet, both in terms of area (9.3 million hectares) and manufacturing (83 million 

heaps). Pearl millet is an crucial coarse cereal crop in western India, and occupies approximately 38% of 

the overall cereal cropped region in the place. About 65 million ha of cropped region is beneath pearl 

millet in western India with 55 million heaps manufacturing. With a mean yield of 852 kg/ha of grain and 

2.Five t/ha of stover yield in Triennium Ending (TE) 2008. Given sizable monetary importance of pearl 

millet as a mainstay for small and marginal farmers on this vicinity, the paper attempts to study call for 

and deliver stability of pearl millet grain and fodder via 2020 in western India comprising Rajasthan, 

Gujarat and Haryana as proven inside the map. The statistics on one of a kind uses of pearl millet grain 

and on call for and deliver stability of grain and fodder could be useful to crop scientists to goal their 

research effort for the place [4]. 

In prosperous societies millets are used particularly as animal feed, in growing countries most of the 

millets are ate up at once by using humans. In regions in which millet is the staple food plan, a large 

portion of the protein, power and micronutrients are derived from millet. 

Millet is an important crop with following characteristics: drought-tolerant crop, resistance to illnesses 

and pests, require less time for growing as compared to other fundamental cereals. Due to above noted 

nice traits; particular interest in nowadays given to this crop in the developing countries (such as India, 

China & some African countries). The manufacturing of bioethanol and biofilms from millets makes it a 

good potential of development in some countries. Millets are considered as important food crop in 

growing nations. Millets include predominant and minor vitamins in large quantity. The high-energy 

content of this crop can assist the malnutrition and related diseases like weight problems, diabetes, CVD, 

etc. Millet is also a gluten-free cereal which can be a good alternative in celiac disease [6].  

 

II.PRODUCTION OF MILLETS 

Millets are mainly produced in Asia and Africa (particularly in India, Niger and Nigeria), with 97% of 

millet manufacturing in growing international locations. Millets are considered as staple food in human 

history. They had been cultivated in East Asia for the final 10,000 years.  In the 1970s, millets became 

used as staple food in India and made this country the arena’s biggest manufacturer. In the 2000, the 

yearly Indian millet production had accelerated, but in terms of capita intake of millet had decreased 

approximately 50 to 75%. In 2005, majority of millet produced in India was used for food applications 

including alcohol manufacturing and for animal feed. The agricultural economy of India is finding ways to 



improve millet use as food to develop production but consumers are prefering the taste of other grains. The 

table 2.1  is giving the classification of the main producers of millet grains in 2013  [6]. 

 

 

 

 

Table 2.1 Millet producers in 2013 [6] 

Country Productions (Tones) 

India 10,910,000 

Nigeria 5,000,000 

Niger 2,955,000 

China 1,620,000 

Mali 1,152,331 

Burkina Faso 1,109,000 

Sudan 1,090,000 

Ethiopia 807,056 

Chad 582,000 

Senegal 572,155 

World 29,870,058 

 

 

III.MILLETS VARIETIES 

Millets are different from one another in appearance, cultivar, maturity, morphological functions and so 

forth (Figure 3.1). Millets are labeled into two kinds, Major Millets and Minor Millets. Major millets are 

Pearl millet (Pennisetum glaucum), most broadly used for human consumption, Foxtail millet (Setaria 



italic), Proso millet or white millet (Panicum miliaceum) and Finger millet (Eleusine coracana). Minor 

millets consist of Barnyard millet (Echinochloa spp.), Kodo millet (Paspalum scrobiculatum), Little millet 

(Panicum sumatrense), Guinea millet (Brachiaria deflexa), Browntop millet (Urochloa ramose), Teff 

(Eragrostis tef), Fonio (Digitaria exilis), Sorghum (Sorghum spp.) and Job’s tears (Coix lacrima-jobi) [6]. 

 

 

 

Figure 3.1 Varieties of Millets [6] 

 

IV. NUTRITIONAL COMPOSITION 

Millets are particular a few of the cereals due to their richness in calcium, dietary fibre, polyphenols 

and protein. Table 4.1 represent amino acids content material in exclusive types of millets. Millets usually 

contain huge amounts of critical amino acids in particular the sulphur containing amino acids (methionine 

and cysteine); they're also higher in fats content material than maize, rice, and sorghum. In wellknown, 

cereal proteins which includes millets are constrained in lysine and tryptophan content material and range 

with cultivar. However, most cereals contain the crucial amino acids in addition to vitamins and minerals 

[5]. 

Plant vitamins are largely used inside the meals industry, and cereal grains constitute a chief supply of 

dietary nutrients international. Modification of a protein is normally found out by means of bodily, 

chemical, organic together with fermentation or an enzymatic remedy, which adjustments its structure and 

therefore its physicochemical and purposeful houses. Table 4.2 represent the content material of different 

varieties of millet, foxtail, fonio, proso, pearl and finger millets [5]. 

The overall dietary fibre (22.0%) of finger millet grain have been pronounced exceptionally higher than 

that of many other cereal grains (e.G. 12.6%, four.6% and 12.Eight% respectively for wheat, rice, maize 

and sorghum. However, the nutritional fibre content material in pearl millet tiers between 8 to 9%. In the 

loose lipids, hydrocarbons, sterol esters, triacylglycerols, diacylglycerols, and free fatty acids have been 

present. The most important fatty acids inside the loose lipids have been linoleic, oleic, and palmitic acids, 

though, within the bound lipids, monogalactosyl diacylglycerols, digalactosyl diacylglycerols, 



phosphatidylethanolamine, phosphatidyl serine, and phosphatidyl choline have been tentatively 

recognized. 

The dietary fibre content material in cereal-based totally food varies substantially, depending on the extent 

of milling. Finger millet indicates particularly higher than different cereals carbohydrate (72%) 

accommodates of starch as the principle constituent and the non-starchy polysaccharides which amounts to 

fifteen–20% of the seed remember as an unavailable carbohydrate dietary fibre content and enhances that 

are the health benefits of the millet. The principal function of dietary carbohydrate is to supply strength. 

Millets are proper assets of magnesium and phosphorus. Magnesium has the ability to help lessen the 

consequences of migraine and coronary heart attacks, while, phosphorus is an crucial aspect of adenosine 

triphosphate (ATP) a precursor to power in the frame [5]. 

 

Table 4.1 Amino acid profiles of different millet grains variety [5] 

 Amino Acids Foxtail Millet Proso Millet Pearl Millet Finger Millet 

Essential amino acids 

Isoleucine 4.59 4.1 5.1 4.3 

Leucine 13.60 12.2 14.1 10.8 

Lysine 1.59 1.5 0.5 2.2 

Methionine 3.06 2.2 1.0 2.9 

Phenylalanine 6.27 5.5 7.6 6.0 

Threonine 3.68 3.0 3.3 4.3 

Valine 5.81 5.4 4.2 6.3 

Histidine 2.11 2.1 1.7 2.3 

Trytophan NA 0.8 1.2 NA 

Nonessential Amino Acid 



Alanine 9.30 10.9 8.1 6.1 

Arginine 3.00 3.2 0.9 3.4 

Aspartic acid 7.71 6.20 6.2 5.7 

Cystine 0.45 NA 0.8 NA 

Glutamic Acid 22.00 21.3 22.8 23.2 

Glycine 2.91 2.1 0.7 3.3 

Serine 4.56 6.3 5.4 5.3 

Tyrosime 2.44 4.0 2.7 3.6 

Proline 5.54 7.3 8.2 9.9 

PER 0.80 1.10 1.60 2.00 

 

 

Table 4.2 Proximate composition of millet grain varieties[5] 

Component Foxtail 

Millet 

Proso 

Millet 

Pearl 

Millet 

Finger 

Millet 

Protein 11.50 11.58 14.8 8.2 

Ash 0.47 NA 1.64 2.7 

Fat 2.38 4.9 4.86 1.8 

Total CHO 75.2 80.1 59.8 83.3 

Crude Fiber NA 0.7 12.19 3.5 

 

V.  HEALTH BENEFITS OF MILLETS 



Millet is extra than simply a good alternative to the other common cereals. The excessive amount of 

phytochemicals in millet, mainly phytic acid, helps to decrease cholesterol and oxidative stress which give 

the attribute of chemopreventive to this crop. 

Millet is gluten-free, therefore an awesome choice for humans stricken by celiac sicknesses frequently 

angry by way of the gluten content of wheat and other extra commonplace cereal grains. It is also 

beneficial for folks that are tormented by atherosclerosis and diabetic coronary heart disorder. 

Furthermore, proso millet also advanced glycemic responses and plasma ranges. In addition, proso millet 

protein pay attention has defensive effects against D-galactosamin-caused liver damage in rats [5].  

VI. PROCESSING TECHNIQUES OF MILLETS 

Food processing techniques are used to enhance the nutritional status, improve the digestibility and 

bioavailability by lowering anti-nutritional factors. These techniques include milling, decortications, 

soaking, germination, cooking, fermentation, malting, popping etc. 

 Soaking - Soaking of grains is a common method of food processing. It decreases the antinutritional 

compounds such as phytase and phytic acid to improve the bioavailability of minerals. The 

combination of different processing methods like dehulling, soaking and cooking decreases in huge 

amount the antinutrients like phytate and polyphenols and therefore improves the in vitro protein 

digestibility and enhances the bioavailability of minerals such as iron and zinc. 

 Germination – The range of tannins in millets can be reduced by germination from 1.6% to 0.83%. 

Germination also increases in vitro protein digestibility (14% to 26%) and starch digestibility (86% to 

112%) in pearl millet. Phytates and other antinutrients causing complexes with proteins are also 

reduced by germination. The extractability and bio-accessibility of minerals such as calcium, iron and 

zinc was found to be improved through germination. Beta-amylase and free alpha-amino nitrogen in 

Pearl millet is high compared to sorghum after malting. Thiamine, overall lysine, niacin, protein 

fractions, sugars and soluble dietary fibres are increased by germination.  

 Fermentation - Fermentation is broadly utilized in maintenance of food, giving huge varieties of food 

products with various texture and flavours. It also enhances the dietary properties of uncooked meals. 

The antinutritional factors of millets are reduced by fermentation which improves protein availability, 

digestibility in vitro and proximate composition of the food is also enhanced. Fermentation of pearl 

millet increases the composition in moisture, ash, fibre, protein and fats but it reduces the mineral 

contents including sodium, potassium, iron, zinc, etc.  



 Popping or Puffing - Popping is a processing method where high temperature-short time (HTST) 

technique is used resulting in starch gelatinization and opening of endosperm bursts which yields 

characteristic aroma and flavour. This processing technique can improve the commercialization and 

utilization of millet grains [6].  

 

VII.   LITERATURE SURVEY 

J. K. Khalil et al. (1984) investigate nine nutritionally important mineral elements, B-carotine, and 

seven water-soluble vitamins of B-complicated series in millet flour available in Saudi Arabia and within 

the bread crafted from it domestically by the traditional technique. Pearl millet is identical to or advanced 

to many cereals inside the profile of crucial mineral elements and water-soluble B vitamins. The 

information offered particularly that concerning the retention of microelements and B vitamins in the pearl 

millet bread, are seldom mentioned inside the literature. The records must be beneficial to nutritionists as 

well as to plant breeders who make a constant attempt to improve the dietary first-class via selection and 

breeding. Moreover, the statistics increase the efforts underway to collect the nearby food composition 

tables [1]. 

Fasasi Olufunmilayo Sade et al. (2009) investigated the effect of germination, roasting and 

fermentation on the proximate composition, antinutritional factors and practical houses of pearl millet. 

Pearl millet seeds had been subjected to the distinctive processing strategies; samples have been dried and 

milled into first-class flours, respectively, Standard techniques were used to assess the flours for proximate, 

minerals, antinutritional elements and practical houses. The visco-elastic property become determined the 

use of the Rapid Visco Analyzer (RVA). Germination and fermentation increase the crude protein content 

material of pearl millet seed flour. The carbohydrate content material reduced for the duration of 

fermentation, at the same time as germination and roasting significantly extended the carbohydrate stage 

ensuing in widespread boom within the electricity density of the flour. Processing had varied 

consequences on the mineral composition of the flours, it also decreased the antinutritional factors. 

Processing drastically increased the water absorption capability, oil absorption capability, least gelation 

attention and bulk density of the flours, therefore flours will be used in food structures where the above 

features are acceptable [2].  

Vanisha S. Nambiar et al. (2011) evaluates the ability health benefits of pearl millet. Desk opinions 

from Gujarat Agricultural Universities, libraries, PubMed and different web sources, key informant 

interviews of farmers (n=30), nearby leaders (sarpanch) (n=30) and ladies (n=960) from pearl millet belt 



of Banaskantha district of Gujarat. Pearl millet is rich in severa nutrients in addition to non-vitamins which 

includes phenols. It has excessive electricity, has less starch, high fiber (1.2g/100g, maximum of which is 

insoluble), eight-15 instances greater α-amylase hobby in comparison to wheat, has low glycemic index 

(fifty five) and is gluten free. The protein content degrees from 8 to 19% and it is low in lysine, 

tryptophan, threonine and the sulfur-containing amino acids. The energy of millet is more than sorghum 

and almost same to that of brown rice due to the fact the lipid content is normally higher (three to six%). 

Pearl millet can be encouraged in the treatment of celiac diseases, constipation and several non-

communicable illnesses. Nutritional studies at the populace living inside the pearl millet belts of the sector 

and clinical trials at the effect of pearl millet in specific ailment conditions are needed [3]. 

A Amarender Reddy et al. (2012) offers an estimate of the call for and supply of pearl millet grain 

and fodder for the year 2011 and 2020 in western India comprising (Rajasthan, Gujarat and Haryana). The 

projected pearl millet grain and stover manufacturing for 2020 changed into based on ancient boom fees in 

production from 1996-2009. On the demand aspect, food demand changed into projected primarily based 

on population projections for 2020 by keeping 2004/05 in keeping with capita consumption based totally 

on NSSO 61st round. The demand for opportunity uses of grain (alcohol industry) was projected primarily 

based on a area survey conducted for the duration of 2011. Overall in 2011, in western India forty six% of 

production of pearl millet grain is going for meals use, 37.5% for livestock feed, 7.7% for poultry feed, 

eight.Eight% for alcohol industry manufacturing and simplest a small fraction, zero.Four%, is used for 

seed cause. The relative share of different uses of grain through 2020 indicated that the proportion of farm 

animals feed will growth to 38.6%, proportion of poultry feed will increase to 9.Four%, alcohol enterprise 

and other non-food makes use of could be improved to 11.7%, at the same time as food makes use of will 

lower to forty%. Even even though currently there is scarcity of pearl millet grain production in western 

India, which is indicated with the aid of higher charges, through 2020 the vicinity turns into surplus to the 

volume of five% if it maintains the manufacturing boom fashion of the current beyond, which may be very 

excessive (four.22% per annum). However, Gujarat kingdom will stay deficient in grain even by using 

2020. Dry fodder will, but, stay in brief supply and the paper projects a deficit of 10% with the aid of 2020 

[4]. 

Issoufou Amadou et al. (2013) evaluated the dietary composition of millets a few fitness blessings, 

and the use of millets in the meals enterprise. In arid and semi-arid regions of the arena, millets are 

considered as primary meal source. Millets are proper resources of energy. They provide protein, fatty 

acids, minerals, vitamins, nutritional fibre and polyphenols. Typical millet protein includes high amount of 

critical amino acids mainly the sulphur containing amino acids (methionine and cysteine). Processing 



millet through milling gets rid of the bran and germ layers which are rich in fibre and phytochemicals, 

inflicting huge loss. The millets are source of antioxidants, which includes phenolic acids and glycated 

flavonoids. Millet foods are characterized to be capability prebiotic and can beautify the viability or 

capability of probiotics with widespread health benefits. The nutritional significance of millets demands 

for an exam of the dietary characteristics and purposeful residences of various millet cultivars in addition 

to growing price introduced products from millets [5]. 

 Sarita et al. (2016) insisted on nutraceutical content of millets and the utilization of millets as 

opportunity cereal for therapeutic applications like power rich protein and weight-reduction plan, food 

regimen for diabetes, gluten free food regimen, CVD, and many others. Millets are staple meals providing 

important nutrients like protein, carbohydrate, fats but also provide adequate of vitamins and minerals. 

Household food processing methods are used for increasing the nutritional composition to develop the 

commercial potential of this grain. This study showed that millets can also be used as “meals remedy”. 

Millet contains antioxidants including phenolic acids and glycated flavonoids. The prebiotic property of 

millet can improve the gut microflora. 

Millet ingredients also are characterised to be ability prebiotic and may decorate the viability of 

probiotics with capacity fitness blessings [6]. 

Deep N. Yadav et al. (2012) perform lipase activity of pearl millet grains thru microwave treatment 

and consequently increase the garage balance of flour at ambient situations. Due to the excessive fats 

content and lipase pastime, the pearl millet (Pennisetum typhoides) flour had constrained shelflife at 

ambient conditions. The present study look at changed into aimed to inactivate lipase in pearl millet grains 

through microwave treatment. Microwave heating of pearl millet grains reduced lipase interest drastically 

(p.05) with an increase in moisture stage from 12 to 18 % and maximum discount (ninety two.Nine %) 

changed into located at 18 % moisture stage for one hundred s. Based on lipase inactivation and pasting 

properties, eighty-s length of microwave publicity at 18 % grain moisture changed into taken into 

consideration ultimate. Significantly (p.05) decrease exchange in free fatty acid (FFA, % oleic acid) cost 

(20.Eighty–22.25) for the duration of storage as much as 30 days become found in flour of grains handled 

for eighty s at 18 % moisture degree compared to control flour (20.11–32.43). Subjective assessment of 

basic acceptability of flour samples showed that microwave-treated flour (18 % moisture stage, 80 s) 

changed into perfect as much as 30 days of storage at ambient conditions, even as manipulate flour had 

ugly off odor and bitter taste on the tenth day of garage [7]. 

S. Balasubramanian et al. (2011) perform Optimization of weaning mix based totally on malted and 

extruded pearl millet and barley. Weaning mix turned into evolved using extrudates of undeniable and 



malted pearl millet (Pennisetum typhoides) and barley (Hordeum vulgare) flour. Central composite 

rotatable design (CCRD) with 4 independent variables PME (pearl millet extrudates), PMME (pearl millet 

malt extrudates), BE (barley extrudates), BME (barley malt extrudates) at 5 degree and 5 dependent 

variables, i.E. Lightness, top viscosity (PV), water solubility index (WSI), water absorption index (WAI) 

and overall acceptability (OAA) ratings, were used to conduct the experiments. Highly suitable weaning 

mix become obtained through combining optimized components with steady degree of skim milk powder 

(SMP) 25%, WPC-70 5%, sugar 6% and subtle vegetable oil four ml one hundred g-1 mix. The optimized 

stage of components become PME 20.Seventy seven%, PMME 7.39%, BE 20.Ninety nine%, BME 6.Fifty 

three% with eighty one.3% desirability. The nutrient content material of optimized weaning blend became 

in accordance with the requirements particular with the aid of PFA, 2004 [8]. 

S. Balasubramanian et al. (2012) evaluates improvement and shelf-lifestyles evaluation of pearl millet 

based totally upma dry mix. Upma, a famous breakfast of southern India, historically crafted from wheat, 

became organized the use of pearl millet semolina (PMS). Prior to guidance of semolina, pearl millet 

grains had been hydro-thermally handled to lessen anti-nutritional elements and inactivate lipase interest. 

Hydrothermal remedies (soaking up to moisture 30±2%, steaming 1.05 kg cm−2, 20 min) reduced the anti-

dietary factors considerably (p≤zero.05). No lipase activity was detected after steaming. Central composite 

rotatable layout (CCRD) with three impartial variables i.E. Vanaspati (vegetable fats), citric acid and water 

for rehydration have been used to design the experiments. Sensory responses and rehydration ratio have 

been used to have a look at the individual and interactive results of variables. Sensory score for flavor 

various from 6.Five to 8.1, mouth sense 6.7–8.Zero, typical acceptability 6.7–8.1 and rehydration ratio 

from 2.Four to a few.Three. Based upon the experiments, the optimized level of ingredients changed into: 

vanaspati 46.Five g one hundred g−1 PMS, citric acid 0.17 g one hundred g−1 PMS and water for 

rehydration 244.6 ml a hundred g−1 dry mix with 98.Five% desirability. The organized upma mix turned 

into monitored for peroxide fee, loose fatty acids and thiobarbituric acid cost in addition to sensory first-

class in the course of storage and become found stable for 6 months at ambient conditions (20–35 °C) in 

poly ethylene pouches (seventy five μ) [9]. 

Anoma Chandrasekara et al. (2012) studies the Effect of processing at the antioxidant pastime of 

millet grains. Millets are generally dehulled and subjected to a hydrothermal remedy earlier than 

consumption, as a result the hulls can be used as a capacity supply of antioxidants. Several millet grains, 

particularly kodo, finger (Ravi), finger (local), proso, foxtail, little and pearl millet were studied. 

Antioxidant activities of phenolic extracts received from complete grains, in addition to their 

corresponding dehulled and cooked grains and hulls have been studied for their overall phenolic content 



(TPC), radical scavenging potential, and antioxidant hobby in a b-carotene/linoleate emulsion. The 

phenolics found in entire grains had been diagnosed and quantified the use of HPLC and HPLC/MS and 

results had been expressed as overall for each of the phenolic businesses. The TPC ranged from 2 to 112 

lmol ferulic acid equivalents/g defatted meal. All sorts exhibited powerful inhibition of 2,2-diphenyl-1-

picrylhydrazyl (DPPH), hydroxyl, peroxyl and superoxide radicals. Dehulling and cooking affected the 

TPC and radical scavenging and antioxidant activities of the grains, depending at the range. In trendy, the 

antioxidant hobby of phenolic extracts turned into within the order of hull > whole grain > dehulled grain 

> cooked dehulled grain. With the exception of the 2 finger millet sorts, hulls of different millet grains had 

excessive TPC, for this reason demonstrating their superior antioxidant pastime. Hydroxybenzoic acids, 

hydroxycinnamic acids and flavonoids in complete grains had been identified as contributors to the located 

consequences. Therefore, dehulling of grain and hydrothermal treatments have an effect on the phenolic 

content material and antioxidant ability of millet grains [10]. 

Adelaide Beleia et al. describes characterization of starch from pearl millets. Starch remoted from 5 

random-mating populations of pearl millet numerous in cold water-binding capacity (83.6-ninety nine.5%) 

and initial (fifty nine-63oC) and give up factor (68-70oC) gelatinization temperatures. Swelling power at 

95oC numerous between 14.1 and 16.Four; starches with low swelling powers also have been less soluble 

at some stage in heating. More variations amongst starch amylograms had been determined for the 

duration of the cooling than the heating cycle, suggesting that some starches have a tendency to retrograde 

less than others. Small variations in amylase contents (20-22%) among starches indicated that different 

physicochemical elements, together with molecular dimensions, can be greater crucial than amylose 

content material in figuring out the traits of pearl millet starches [11]. 

Deep N. Yadav et al. (2013) provided Co-extrusion of pearl millet-whey protein pay attention for 

elevated snacks. A study was performed to broaden pearl millet-based extruded snacks with whey protein 

concentrate (WPC) to decorate its acceptability and dietary price. Pearl millet grits (841 l) became 

extruded with distinct tiers (zero%, 2.Five%, 5.0% and seven. Five%) of WPC at consistent feed fee 

(10.Five kg h1) and moisture content material (14%). Addition of whey protein at 7.Five% degree notably 

(P ≤ 0.05) accelerated Tg from 75.1 _ zero.26 °C to a hundred and twenty.5 _ 1.28 °C and Tm from 89.1 _ 

1.51 °C to 158.7 _ 1.37°C, which resulted in less multiplied and more difficult extrudates. The expansion 

index of extrudates changed into negatively correlated (P ≤ 0.05) with protein (r = _0.940), bulk density (r 

= _0.949), hardness (r = _0.971) and breaking power (r = _0.921), whilst definitely correlated (P ≤ 0.05) 

with universal acceptability (OAA; r = 0.988). Keeping in view the dietary, textural and consumer’s 



acceptability, incorporation of 5% WPC in pearl millet grits (841 l) turned into advocated for coaching of 

desirable extended snacks [12]. 

Deep N. Yadav et al. (2014) describes Quality Characteristics of Vegetable-Blended Wheat–Pearl 

Millet Composite Pasta. The goal of this work turned into to optimize the formulations for wheat-based 

pasta incorporated with pearl millet flour and vegetables. A combo of wheat and pearl millet flour (9:1) 

with vegetable paste (2 % dry solids) turned into extruded. Incorporation of pearl millet flour and 

vegetable ended in nutritionally rich pasta as compared to manipulate due to elevated mineral content viz., 

calcium (23.5–40.Nine mg/a hundred g), iron (2.7–4.Three mg/a hundred g), phosphorous (121–244 mg/a 

0hundred g), potassium (130–one hundred ninety mg/100 g), and sodium (eight.Nine–21.1 mg/100 g). 

Vegetable incorporation advanced the textural attributes i.E., accelerated firmness and decreased stickiness 

appreciably (p B 0.05) and caused sizable (p B 0.05) discount in gruel loss. Based at the nutritional, 

textural and sensory acceptability, spinach integrated pasta become most suited. The impact of storage 

time was not sizable on pasta first-rate parameters, indicating that pasta become proper up to three months 

saved in polyethylene bags (50 l) with none preservative underneath ambient conditions [13]. 

Deep N. Yadav et al. (2014) rheological pleasant of pearl millet porridge as suffering from grits length. 

Study changed into carried out to optimize pearl millet grits size for the practise of proper porridge with 

skimmed milk powder (SMP). Pearl millet porridge became prepared with unique grits length (1.410, 

zero.841, 0.595, and zero.420 mm). A positive (r=0.904) correlation become located between water 

absorption index and grits length. Porridge confirmed shear thinning conduct as, to begin with shear 

pressure increased with growth in shear fee and in a while reduced. Porridge prepared with large grits 

(1.410 mm) exhibited higher firmness (38.Four±1.27 N) and viscosity (446±3.Nine cP), while smaller 

grits (0.420 mm) resulted in much less viscous (118.Eight±1.Seventy four cP) and firm (20.4±1.85 N) 

porridge. The medium grits (0.841 mm) produced porridge with applicable firmness (30.7±1.56 N) and 

viscosity (298.1±8.Eighty one cP) with mild (6.0±0.10) acceptability. To improve sensory nice of porridge 

(grits size 0.841 mm); skimmed milk powder at unique ranges (zero, five, 10 and 15 %) was introduced 

and its effect on diverse satisfactory parameters became studied. SMP addition drastically (P≤0.05) 

changed the gelatinization and gelling behavior of grits and decreased (P≤0.05) all of the pasting 

characteristics besides pasting temperature, which elevated from 77.1±1.Eighty five to 85.9±3.46 °C. The 

height (499±6.6 cP) and very last viscosity (450±11.9 cP) of porridge (0.841 mm) prepared with 15% 

SMP are pretty similar. Hence, it maintains viscosity on cooling, just like most viscosity attained in the 

course of cooking. Keeping in view the rheological, firmness and sensory pleasant, zero.841 mm grits of 

pearl millet with 15 % SMP turned into found finest for education of ideal porridge [14]. 



Deep N. Yadav et al. (2012) defines Storage stability and pasting houses of hydrothermally handled 

pearl millet flour. Hydrothermal remedy (30 ± 2% moisture and steaming at 1.05 kg m_2 for 0, 10, 15, 20 

and 25 min) become given to complete and pearled pearl millet grains. Flour acquired after each treatment 

became evaluated for bodily, practical and pasting houses. Flour received from steamed earlier than 

pearling (SBP, 20 min) and steamed after pearling (SAP, 15 min) grains exhibited no lipase pastime and 

desirable physical, useful and pasting homes. Significant (P _ zero.05) discount (28.Sixty five%) changed 

into found in total phenol content material after pearling. Tannins content material of manipulate flour was 

one hundred twenty.Three ± 2.15 mg, and a discount of 25.2% and sixteen.Five% become found after 20 

and 15 min of steaming in SBP and SAP samples, respectively. Significant (P _ zero.05) increase in bulk 

density, purposeful homes and decrease in pasting properties of handled flour samples was discovered 

with boom in length of steaming. Selected flour samples (SBP, 20 min and SAP, 15 min) have been 

discovered appropriate for fifty days when saved in polyethylene pouches (75 l) at ambient conditions 

(15–35 °C) [15].  

Deep N. Yadav et al. (2012) optimizes non-wheat pasta formulation of high nutritive value comprising 

pearl millet flour, barley flour and whey protein concentrates. Non-wheat pasta was organized with pearl 

millet supplemented with 10–30percentbarley flour, five–15%whey protein pay attention, 2.Five–4 % 

carboxy methyl cellulose and 27–33 % water the usage of reaction surface method (RSM) following 

principal composite rotatable design (CCRD). Results showed that barley flour and whey protein listen 

(WPC) had sizeable (p≤zero.05) high quality impact on lightness and negative impact on stickiness of 

pasta, for this reason progressed the general acceptability (OAA). Carboxymethyl cellulose (CMC) 

progressed the textural attributes i.E. Accelerated firmness and reduced stickiness appreciably (P≤0.05) 

and precipitated a huge (P≤zero.05) discount in solids losses in gruel. Based upon the experiments, the 

optimized degree of components were barley flour thirteen.Eighty g a hundred g−1 pearl millet flour 

(PMF), WPC 12.27 g 100 g−1 PMF, CMC three.45 g 100 g−1 PMF and water 27.6 mL one hundred g−1 

elements premix with 88 % desirability. The developed pasta had protein 16.47 g, calcium ninety 

eight.Fifty three mg, iron 5.43 mg, phosphorus 315.Five mg and β-glucan zero.33 g 100 g−1 pasta (db) 

[16]. 

 

VIII. CONCLUSION 

In this paper, Pearl millet is reviewed along with various types of millets and their production. Like 

many other cereals, millets are important energy source especially in arid regions and also are nutritious, 



showing the great potential of this plant for great nutritional balance. The amino acid deficiency of this 

cereal can be compensated by with other protein sources. Pearl millet serves as a major staple food for 

many populations around the globe, however, it is still considered poor man’s food and does not find place 

in the food purchase lists of the elite. Millets, which are currently consumed in the rural and tribal areas of 

the world, need to be popularized. 
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