
Introduction
	 India is the second largest producer of wheat and rice [1], with 
107.2 and 72.7 million tonnes of production in the year 2020, respec-
tively [2]. Wheat-rice cropping system has emerged as a major pro-
duction system in the Indo-Gangetic plains. The Indo Gangetic Plains 
through the cultivation of principal foods like wheat and rice, played 
a huge role in the green revolution and also ensured food security to 
the nation. Owing to green revolution in the 1960’s, the production 
of these grains increased consistently in the country, with an increase 
of 70-74% for wheat and 40-45% for rice in the year 2018 [3]. The 
wheat rice production systems in Indo Gangetic plains play a very  
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important role in providing countrywide food security, employment 
and livelihood to many population groups [4].

	 India became a self-sufficient country and started covering the 
food deficit and providing food security to the nation. However, there 
appears to be enough evidence through various studies conducted 
over time that the productivity in the country is approaching steadi-
ness. The self-sufficiency of the production system is negatively af-
fected by the factors like imbalanced application of fertilizers on the 
soil, diminished soil fertility due to depletion of nutrients, reduced 
recycling of soil and water resources leading to low pH of the soil 
and water balance abnormalities, increased incidence of diseases and 
rodents and the loss in natural ecosystem [5]. Other factors like lack 
of various facilities such as shortage in energy generation systems 
and grain storage, as well as a lack of residue management after crop 
harvesting, pose a significant threat to farmers, forcing them to use 
ineffective and inexpensive methods such as residue burning to en-
sure timely sowing of the next crop. This entire process has a nega-
tive impact on the environment since it pollutes the air with Carbon 
Dioxide (CO2), Carbon Monoxide (CO), Methane (CH4), and other 
toxic substances [6]. The rising atmospheric temperature due to cli-
mate change, increasing food prices and world population are posing 
a great risk to food security and agriculture worldwide, especially for 
the poorest people living in arid and subarid regions [7]. The rise in 
area under crops that demand more water, such as rice, cotton, and 
sugarcane, has resulted in a significant loss of water [8].

	 According to WHO, 820 million people in the world suffer from 
chronic hunger. As per Global Hunger Index, India has been ranked 
at 101 position out of the 116 countries with a score of 27.2, showing 
a serious level of hunger for the country [9]. The ongoing COVID-19 
pandemic has double-hit the disease and number of hungry people 
especially in developing countries [10]. The main causes of this cri-
sis include disruptions in the commodity supply chain caused by the 
prohibition of worldwide export, rising food costs, and financial con-
straints (due to job losses). The current epidemic has restricted food 
access among the poor, resulting in untimely deaths caused primarily 
due to lack of food rather than illness/ infection. The immediate mea-
sure to help the affected population is to provide sufficient quantity 
of food grains, whereas in long run, there is a need to take important 
decisions in the field of agriculture production system so that there 
would be enormous amount of food to overcome the challenges like 
the current pandemic [11].

	 Therefore, there is a need for diversification in agricultural prac-
tices so as to introduce the traditional grains which are sustainable to 
the environment and are nutritionally adequate.

	 This review aimed to evaluate the available information on the 
minor millets, its nutritional composition, effects of processing tech-
niques applied on the nutritional composition, development of vari-
ous food products from minor millets and also to evaluate the shelf 
life of minor millets under various processing techniques applied.
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Abstract
	 Despite the fact that the green revolution helped India become 
self-sufficient, the productivity of the wheat rice cropping system is 
now approaching stability. Agricultural diversification is required in 
order to introduce traditional grains that are both environmentally 
friendly and nutritionally sufficient. Millets are small seeded grasses 
that appear to meet this requirement. These are eco-friendly and 
have a well-balanced macronutrient and micronutrient composition. 
Millets also have nutraceutical properties and can help to prevent a 
variety of non-communicable diseases. Soaking, roasting, germina-
tion, and fermentation procedures improve the palatability of millets 
while simultaneously reducing anti-nutrients, enhancing the phys-
iochemical accessibility of micronutrients and improving their bio-
availability. Preparing value-added products and popularising them 
among the general public can boost millet demand as well as farm-
er’s income. It is necessary to develop and popularise millet-based 
food products that provide poor people with convenience, flavour, 
texture, colour, and shelf-stability at a low cost.

Keywords: Foxtail millet; Minor millets; Nutraceutical value added 
products; Proso millet



Citation: Arora L, Kaur S, Aggarwal R (2022) Minor Millets: Abandoned Grains with Promising Prospects. J Food Sci Nutr 8: 134.

 • Page 2 of 7

J Food Sci Nutr ISSN: 2470-1076, Open Access Journal
DOI: 10.24966/FSN-1076/100134

Volume 8 • Issue 2 • 100134

Millets: Power House of Nutrients

	 Millets also known as Nutri-cereals are a group of small seeded 
grasses. Millets have been reported to be nutritionally superior when 
compared to many cereals [7]. They are rich sources of macronutri-
ents such as proteins, carbohydrates, dietary fiber and essential amino 
acids [12]. Millets have balanced nutritional composition and its con-
sumption has proven health benefits. They are rich in phytochemi-
cals and micronutrients [13]. Millets are reported to have potential in 
preventing cancer by lowering tumor incidence and cardiovascular 
diseases, reducing incidence of hypertension, higher levels of blood 
lipids, slowing down fat absorption in the body, delay gastric empty-
ing and supplying bulk to the gastrointestinal contents and are glu-
ten-free [14]. The literature reports that bioactive substances such as 
oligosaccharides, resistant starch, lipids, antioxidants like flavonoids 
and phenolic acids, hormonally active compounds like phytosterols 
and lignans, anti-nutritional factors such as tannins and phytic acid 
present in millets contribute for these positive effects [15].

	 Millets are classified into two categories: major millets and minor 
millets. Sorghum and pearl millets are among the major millets, while 
Little millets, Indian barnyard millets, Kodo millet, Foxtail millets, 
Finger millets, and Proso millet are among the minor millets. Minor 
millets are also a good source of essential amino acids and fatty acids. 
It was suggested that millets possess nutraceutical properties as they 
contain good amount of phytochemicals (lignans, β-glucan, inulin, 
resistant starch, phytates, sterols, tocopherol and carotenoids) [16] 
and are gluten free, it was also suggested that due to the presence of 
phytochemicals, millets can play important role in the prevention of 
many non-communicable diseases and are excellent food choice for 
people suffering from celiac disease [17].

	 Foxtail millet (Setaria italica) and Proso millet (Panicum miliace-
um) are rich sources of nutrients [18]. These are nutritionally superior 
as compared to other cereal grains. Foxtail millet (Setaria italica) is 
the second largest grown millet crop which is self pollinating. It is 
2-3 times nutritionally rich than the major cereal crops such as rice 
and wheat. It contains 11% protein, 3.9% fat, 7.0% ash, 59.1% starch, 
19.1% dietary fibre and 106.6mg/100g of phenol content [18]. Being 
rich in protein and good quality of amino acids, foxtail millet could be 
used as a potential alternative to animal origin protein sources. As a 
nutri cereal, it has dual uses as it could be used as both food and feed 
[19]. It has antimicrobial potential, helps in detoxify the body, and is 
also considered as heart healthy food because of its high magnesium 
content [20]. Foxtail millet is traditionally been consumed as soup or 
gruel by pregnant and nursing women as nourishing therapy in north-
ern china. It is considered as a functional food as it reduces the risk 
of developing various chronic diseases such as diabetes mellitus and 
metabolism of cholesterol [21]. Along with the antioxidant potential 
and gastric mucosa protection, foxtail millet also shows the anti-ulcer 
response [22].

	 Proso millet has a protein content of 11%, 3.5% fat, 9% crude 
fibre, 3.6% ash, 56.1% starch, 8.5% total dietary fibre, 13.3mg/100g 
of total phenol content. It is rich in minerals such as calcium 165mg/
kg, iron 54mg/kg, zn 36mg/kg and vitamins like B complex vitamins 
such as niacin and folic acid. Proso millet contains good amount of 
amino acids particularly sulphur containing amino acids such as cys-
teine and methionine [23]. Proso millet also has good amount of mag-
nesium and is inexpensive source of heart healthy foods. Proso mil-
let has antiproliferative properties against liver cancer cells, and its  

carotenoid extract has a higher antioxidant capacity than carotenoids 
found in fruits and vegetables [20]. Proso millet starch is similar to 
the corn starch and it could be used as a sizing agents in the textile in-
dustry. Non waxy starch of proso millet has many benefits in reducing 
the risk of various diseases [24].

	 The dietary protein of proso millet play an important role in reduc-
ing the LDL cholesterol and increasing the HDL cholesterol in human 
body [25]. It was suggested that due to presence of favorable ratio 
of branched chain amino acids to aromatic amino acids (3:1), proso 
millet can be considered as a preventive food against liver diseases 
like hepatic encephalopathy [26]. Proso millet contains non-digest-
ible carbohydrates and can be used as a prebiotic [27]. It was reported 
that resistant starch present in proso millet play an important role in 
decreasing blood glucose and influences the serum triglyceride level 
[28].

	 Like all the other millets, both proso millet and foxtail millet are 
gluten free and ideal for the gluten intolerant people [18]. These mil-
lets contain vitamins A and E along with many B-complex vitamins 
[16]. Foxtail millet and Proso millet are also rich sources of anti-nutri-
tional factors like tannins (221.1mg/100g), phenols (352.64mg/100g), 
phytate (306mg/100g) and flavonoids. All these components are usu-
ally present in the hull and bran part of the grains. They bind with 
the minerals and make unavailable to the human body for the various 
body functions. They also bind to protein and carbohydrates, render-
ing them inaccessible to the body by blocking proteolytic and amy-
lolytic enzymes [29]. Due to the presence of antinutritional factors, 
millets also possess the potential to act as a nutraceutical [30]. An-
tinutritional substances such as phytic acid suppress the formation of 
hydroxyl ions, resulting in carcinogenesis prevention [31].

	 Also, Diets based solely on wheat and rice lack many of the min-
erals, dietary fibre and antioxidants in adequate amounts. The increas-
ing trend of high consumption of refined cereals worsens the health 
scenario. Highly refined cereals and sedentary lifestyle have increased 
the risk of chronic diseases like cardiovascular diseases, obesity, and 
diabetes among population. This situation has enforced agriculturists 
and nutritionists to shift their focus on underutilized crops including 
millets.

	 Along with higher nutritional attributes, Millets have a huge po-
tential to lower agriculture’s carbon impact, hence many global or-
ganisations are enforcing their production. Millets are considered 
unique because of its short growing season as they get ready within 
70-80 days [32]. Millets can even grow upto 64˚C temperature and 
340-400mm rainfall [33]. This is because of its efficient photosyn-
thesis system as they are C4 cereals [34]. Millets, often known as 
“famine reserves” because of their prolonged and simple storability 
under normal conditions, are of major importance in India’s agricul-
ture, which is heavily influenced by monsoon. They are best suited for 
mixed and intercropping, providing farmers with sustainable resource 
use, food, and livelihood security [35]. Millets utilise 2.5 times lesser 
water as compared to other crops [36]. Therefore, Millets appear to 
have the potential to combat climate change, poverty, and malnutri-
tion [37]. In developing countries, small millets are mostly produce 
by small farmers for trading and human consumption purposes as it 
has important role to play in the nutrition security but in developed 
countries, the production of small millets is less as they only use small 
millets for bird feed purposes because its nutritional value is not been 
explored much by the nutrition scientists [38].
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The Market Share of Millets
	 These are cultivated worldwide as the cereal crop or grains for hu-
man or animal food. In 2021, the global millet production was 29.78 
Million Tonnes (MT), with Asia and Africa contributing 28.29 mil-
lion tonnes (almost 95%) to the total production. India produces 18 
million tonnes of millets annually which contributes to about 10% of 
the country’s food grain basket [39]. According to the first advance 
estimates of production of food grains for 2019-20 by Ministry of 
Agriculture and Farmers Welfare, the targeted production of small 
millets in India was 0.60MT whereas the actual production declined 
to 0.38 MT. The advancement of agricultural practices for crops like 
wheat, rice and maize has led to their increased cultivation and the 
potential of millet grains to provide sustainable agriculture and nu-
trition security has been ignored [40]. Before Green Revolution, the 
cultivation of millets in India was more than both rice and wheat i.e. 
around 40 percent. But due to green revolution, the share of millets 
has drastically decreased to 20 percent and the production of rice and 
wheat has increased doubled and tripled respectively [41]. Many fac-
tors are associated for the decreased production of millets like chang-
es in the lifestyle patterns. Nowadays, people are more dependent on 
the processed foods which are easy to make from other major cereals 
and also due to the reason that consumers have developed the taste of 
other major cereals as compared to the millets [42]. Further, lack of 
knowledge of the nutritional virtues, difficulties faced in food prepa-
ration and lack of processing technologies are the other major contrib-
uting factors for its decreased consumption.

Processing Methods and their Effects on Millets
	 The anti-nutritional components present in millets can be great-
ly reduced with the application of suitable processing methods. The 
millet grains before consumption are subjected to commonly used tra-
ditional processing techniques resulting in its improved sensory and 
nutritional properties [7], as it generally affects the physical appear-
ance, biochemical activity and the nutritional profile of the millets. 
The processing techniques like soaking, roasting, germination, or fer-
mentation not only increase the palatability of millets but also reduce 
the anti-nutrients thereby, increasing the physiochemical accessibility 
of micronutrients and improving their bioavailability [43].

	 Given the current state of global food security, making the most 
of available millet crops to develop a cost-effective, tasty, and nutri-
ent-dense product is crucial [44]. Among all the processing methods, 
germination is a technique which reduces the ratio of antinutrients 
present in the millets to a great extent with the improvement of the 
overall biological activity of the grains [45]. Germination, accord-
ing to many authors, decreases phytates and tannins to a large extent. 
This is because germination activates the enzymes phosphatases and 
phytases, which convert phytic acid into numerous low-weight bio-
molecules such as inositol, phosphates, and others [46]. Germination 
also helps in releasing the bound bioactive compounds of millets and 
increases its bioactive constituents and antioxidant potential. This is 
because of the enzymatic degradation of the cell wall components due 
to germination which leads to their synthesis and improved extraction 
[47]. The literature reported that the germination of millets done for 3 
days results in high proportion of the minerals [48]. The catabolism of 
antinutrients like as saponins and polyphenols, resulted in enhanced 
mineral availability during germination [49].

	 The roasting processes boost the iron content of the millets 
while also providing a specific  odour by increasing the fragrance  

components [50]. The germination and fermentation processes have 
been demonstrated to impact the vitamin content of millets. Vitamin 
levels were shown to be increased after the fermentation procedure 
[51]. During finger millet germination, the vitamin C level increased 
from 0.04 to 0.06mg/100g [52]. Various vitamins, including thiamine, 
niacin, and riboflavin, were shown to be enhanced during finger mil-
let fermentation [53]. The availability of important vitamins can be 
increased by germinating millets and creating by-products from ger-
minated millets [44]. Millets must be soaked before they may ger-
minate or sprout. In spite of mineral leaching in water, soaking the 
millet grains improves the bioavailability of the minerals due to the 
reduced amount of antinutrients [49]. Phosphatases enzymes are acti-
vated during germination, which aid in the hydrolysis of phytate into 
inositol and orthophosphate, as well as the release of micronutrients. 
Mineral concentrations increased when the foxtail millet was germi-
nated, including Ca (from 17.43 to 25.62mg/kg), Fe (from 16.01 to 
54.23mg/kg), Mg (from 101.16 to 107.16mg/kg), and Na (from 63.34 
to 69.45mg/kg) [54]. Effects of cooking generally affects the invi-
tro protein digestibility IVPD, as the digestibility of protein in raw 
millet is generally poor due to the presence of antiproteinase factors. 
Whereas, roasting helps to improve IVPD, although hydrothermal 
treatments have no effect on protein digestibility [55]. The two tech-
niques i.e. germination and roasting improves the nutritional quality 
of grains but particularly improves the protein content and its quality. 
After germination, the protein gets converted into its soluble form. 
The content of free amino acids decreases during the steeping step, 
however the speed with which the remaining free amino acids were 
used to synthesise bio enzymes was faster than the proteins that were 
degraded into amino acids [56].

	 The alkaline heating, fermentation, germination (40 hours at 
25˚C), and popping of foxtail millet increased the protein quality 
[57]. Heat treatment or high pressure caused the separation of starch 
granules from the protein matrix, as well as the destruction of anti nu-
tritional components including trypsin inhibitors and phytic acid, re-
sulting in improved protein digestibility [44]. Due to the mobilisation 
of stored nitrogen, the simple procedure of soaking pearl millet for 24 
hours resulted in enhanced protein [58]. Germination and fermenta-
tion produce positive effects by lowering antinutrient factors due to 
polyphenol leaching during water soaking and increasing enzymatic 
activity during germination [59]. Phytic acid levels in untreated Pro-
so millet, Foxtail millet and sorghum samples were 0.0500g/100g, 
0.0860g/100g, and 0.0340g/100g, respectively. Fermentation result-
ed in a significant reduction in phytic acid when compared to other 
treatments [60]. Soaking also reduced phytic acid levels by allowing 
it to leach or wash away during the soaking step [59]. Germination 
reduces phytic acid considerably, with phytate levels dropping to 
0.0200g/100g in Proso millet, 0.0180g/100g in Foxtail millet, and 
0.0220.005g/100g in sorghum [61]. This decrease in phytic acid is 
caused by the activation of endozymes, or phytases, which consume 
phytate during germination [62]. All the cereals are consumed after 
applying some sort of processing techniques, millets contain anti nu-
tritional factors that may affect bioavailability of nutrients.

Storage of Millet Flour

	 Millet flour preparation and storage presents a number of diffi-
culties. Because millets are small grains, the separation of the oil-
rich germ from the endosperm might pose issues when millet flour 
is stored. The lipids found in the germ and pericarp of millets are 
exposed to the environment during milling, resulting in lipolysis and  
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the oxidation of generated de-esterified unsaturated fatty acids. The 
chemical changes that occur during this process frequently result in 
the production of off-flavors at some point during storage, particularly 
when held at high moisture levels with oxygen exposure. Millet flour 
has a short shelf life and poor quality. Bitterness and sourness occur 
quickly due to the high fat content and lipase activity [63]. This oc-
curs as a result of the presence of high polyphenolic compounds in 
millets, as phytochemicals with more than one hydroxyl group in the 
phenolic structure contribute hydrogen atoms to lipid free radicals, 
resulting in off tastes and lowering millet storage quality [64]. Micro-
organisms also play an important role in determining the shelf life of 
the product, so microbial load is also an important indicators to assess 
during the storage period of the millets [65]. The keeping quality and 
shelf life of the flour mainly depends on the processing techniques 
and storage conditions [63]. The lipid content of foxtail millet is low-
ered by 27.98%, according to a study that looked into the effect of 
high-pressure soaking on the nutritional qualities of the grain.

	 Various processing techniques are helpful in improving the shelf 
life and reducing the rancidity of the millets [66]. During germina-
tion, the fat is catabolised for the production of energy during storage 
leading to lessen FFA and ultimately reducing rancidity [63]. Heat 
treatment of dehulled sorghum, foxtail millet, and pearl millet grains 
at 150-170°C for 1.5 minutes significantly reduced the total fungal 
count by 48.23% during initial treatment, and the count gradual-
ly decreased up to 60 days of storage because heat treatment at this 
temperature inactivates lipase, which minimises fat hydrolysis [61]. 
In case of hydrothermal treatments, the heat treatment of dehulled 
sorghum, foxtail millet, and pearl millet grains at 150-170°C for 1.5 
minutes significantly reduced the total fungal count by 48.23% during 
initial treatment, and the count gradually decreased up to 60 days of 
storage because heat treatment at this temperature inactivates lipase, 
which minimises fat hydrolysis and improves the shelf life of millets 
[67].

	 Antioxidants, hot water blanching, refrigeration technique for 
millet flour storage, dry heat treatment to the grain or flour, usage 
of different storage containers like polythene bags, gunny bags, tin 
containers, might be used to avoid the development of rancidity in 
the stored flour [68]. The packaging material also influence the shelf 
life and deterioration of millets due to insect infestation. Various 
packaging could be used such as Polyethylene (PE), Polypropylene 
(PP) and Polyethylene Terephthalate (PET) to determine the shelf life 
influenced by different packaging materials during storage [69]. Fur-
ther, environmental conditions like moisture and humidity also effect 
the storage of flour and can lead to rancidity and development of off 
flavour [68]. It was discovered that visible light increased the rate of 
lipid oxidation in rice bran and proposed that chlorophyll photosensi-
tivity may play a role in this process [70].

	 Both proso and foxtail are under-researched millets that are high-
ly nutritious and climate friendly. They could be utilised as catch-up 
crops after other crops’ growing seasons are gone, or if the crop fails 
[71]. The less production, availability and lack of awareness about 
their potential economic and health benefits, keeps millets out of the 
plate of consumers. The rapid development of off flavour in millet 
flour, is also the major hindrance for wider consumer acceptability. 
The demand of millets can be increased by introducing new technolo-
gies for the development of alternative foods, industrial products and 
animal feed. Millets can be used for traditional as well as novel foods.  

The value-added region-specific food products using millet may find 
significant place in the dietaries of the farm families and urban popu-
lation owing to their well proven health benefits.

Food Product Formulation from Minor Millets
	 Due to the enormous nutritional properties of millets and in order 
to achieve the target of doubling farmers’ income by 2022, the mil-
let production in the country should be increased [39]. Further, the 
preparation of value-added products and their popularization among 
general population can increase the demand of millets and ultimately 
then farmer income. The development of millet-based food products 
that deliver convenience, taste, texture, color, and shelf-stability at 
economical cost for poor people is needed. These newly developed 
millet based food products will help in opening new markets for farm-
ers which will lead to their increased incomes [7].

	 Commercialization of alternative foods and industrial products is 
one of the ways to increase the demand for millets. These can be used 
as traditional as well as novel food preparations. Millets have tradi-
tionally been used in preparation of unleavened and leavened breads 
and beverages. Porridges made from millets are used as solid sup-
plementary foods. Cakes, cookies, pasta, parboiled rice-like products 
and snack foods have been successfully produced from millets [72]. 
Multi‐millet health mix from kodo millet, little millet, foxtail millet, 
finger millet and wheat with the inclusion of pulses were developed 
[14]. The supplementation of these value‐added food products im-
proved nutritional status of school going children.

	 Foxtail millet has been used to develop unfortified weaning mix 
with acceptable sensory and rheological properties [73], composite 
bread having low glycemic index [74], ready-to-eat extruded snack 
[75], biscuits and burfi with low glycemic index [76] and beverages 
with high anti-oxidant activity [77]. Besides, oil has been extract-
ed from foxtail millet bran by subcritical propane extraction. It was 
found to have high tocopherol content and high oxidative stability 
[78].

	 Foxtail millet bran oil was examined and it was found that it has 
major portion of unsaturated fatty acids (83.76%) comprising mainly 
of linoleic acid and had high antioxidant activity and radical scav-
enging power [79]. The oil when fed to ethanol induced hepatic 
injury mice, the positive effects were seen in the level of aspartate 
amino transferase, alanine amino transferase, triglyceride and hepatic 
malonaldehyde. The study concluded that foxtail millet bran oil had 
hepatoprotective effects and could be utilized as a functional food for 
the therapy and prevention of liver disease [79].

	 Biscuits were prepared using foxtail millet (45%) and compared 
it with the biscuits made from refined flour. The millet flour biscuits 
had a higher content of crude fibre (2.01%), total ash (1.1%) and total 
dietary fibre (9.12%) than refined wheat flour biscuits. Biscuits made 
from foxtail millet flour had lower glycemic index of 50.8 compared 
to 68 for biscuits prepared from refined flour. Foxtail millet biscuits 
obtained a higher overall acceptability score (7.80±0.89) as compared 
to traditional biscuits (6.84±1.37). The shelf-life study indicated that 
biscuits prepared from millet flours can be successfully stored for a 
period of 60 days in a thermally sealed single polyethylene bag at 
room conditions [80].

	 Sugar free foxtail millet-based ice creams were pepared with dif-
ferent levels of incorporation (2%, 3%, 4%) and sugar was replaced 
with stevia (calorie free sugar) substitute at 3%. The ice creams were  
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analyzed for sensory parameters like flavor, texture, color and ap-
pearance, sweetness and overall acceptability. It was found that the 
sample with 4% foxtail millet gained highest scores and was liked 
the most when compared to other samples [81]. Rao and Fatima used 
foxtail millet to prepare various recipes including laddu, peanut chut-
ney, panjeeri, kheer, cutlet and chakli. The products were evaluated 
by numerical scoring by 38 semi-trained panelists. The results indi-
cated that laddu, kheer and panjeeri were highly acceptable followed 
by peanut chutney whereas chakli was not acceptable. The study con-
cluded that foxtail millet can be easily included in the preparation of 
different traditional recipes without affecting their sensory qualities 
[82].

	 In another study, physical and sensory characteristics of extrud-
ed snacks prepared from foxtail millet based composite flours and 
different types of combination flours were investigated. The results 
indicated that composite flour (Foxtail millet, Amaranth, Rice, Bengal 
gram, Cow pea in the ratios 60:05:05:20:10) could be used to produce 
quality extrudes with acceptable sensory qualities [75]. Millet-based 
food products namely laddu, vegetable biryani and halwa incorporat-
ed with foxtail millet were prepared and their acceptability compared 
to rice based food products. Foxtail millet-based biryani had the high-
est score for color, appearance, texture, taste and overall acceptability 
followed by laddu and halwa. All millet-based products had a higher 
content of protein, fat and fibre as compared to rice products [83].

	 In a study, Food products using proso millet (100%) were pre-
pared and it was found that the products had Glycemic Index (GI) of 
50-65 compared to 70-80 of refined corn and wheat-based products. 
The study suggested that proso millet has a low Glycemic Index (GI) 
as compared to wheat, rice and barley and is an ideal food for peo-
ple with type-2-diabetes mellitus and Cardiovascular Disease (CVD) 
[84].

	 In another study conducted [85], three types of breads were pre-
pared by using proso millet flour (100%), proso millet flour-corn 
starch (1:1) and Proso millet flour-potato starch (1:1). Physical and 
sensory properties were statistically evaluated. The results showed 
that the bread in with starch was added (irrespective of the type) was 
more acceptable as it added to a soft texture and increased light co-
louration of the bread. Scores of overall acceptability and purchase 
intent indicated that there is a potential market for millet-based gluten 
free breads in the market.

	 Pasta was prepared using proso millet flour and compared with 
commercial gluten free flour and wheat flour. Raw pasta was analysed 
for starch content, protein digestibility, colour and carotenoids where-
as cooked pasta was analysed for cooking quality, in vitro starch, 
protein digestibility and sensory qualities. Millet pasta contained less 
rapidly digestible starch than commercial gluten-free pasta, however, 
millet and commercial gluten-free pasta had lower protein digestibil-
ity than wheat pasta. Sensory panelists detected more graininess and 
starchiness in millet samples than in commercial pasta. The results in-
dicated that proso millet varieties are suitable for making fresh pasta 
[86].

	 In a study conducted, malted and popped proso millet were used 
to prepare two convenience mixes suitable for various baby foods viz. 
sweet gruel, salty gruel, halwa, burfi and biscuits. The results indicat-
ed that all the prepared foods were organoleptically acceptable and 
had higher amount of protein, energy, calcium and iron as compared 
to their traditional counterparts [87].

	 Proso millet (Pannicum miliaceum) was used for the preparation 
of different foods. Refined proso milllet and corn were used in differ-
ent proportions to prepare muffins, couscous, porridge and extruded 
snacks. The study suggested that incorporation of proso millet signifi-
cantly (p≤0.05) decreased the glycemic index of the food products 
[88].

Conclusion

	 Although the nutritional superiority of millets over other grains is 
well established, its benefits are not being harnessed on a commer-
cial basis. Processing and value addition technology advancements 
have enabled the processing and distribution of value-added products 
to households. One of the constraints to various culinary usage of 
small millets is a lack of sufficient processing technology to make 
convenient ready-to-eat value added products. As a result, Indian 
policymakers must refocus their attention on millet farming systems 
and establish policies that provide an enabling environment for millet 
farmers.

References
1.	 Ramadas S, Kiran Kumar TM, Pratap GS (2019) Wheat production in In-

dia: Trends and prospects. Adv Crop Grain Res 2: 1-4.

2.	 FAO (2020) GIEWS - Global Information and Early Warning System.

3.	 Nelson E, Ravichandran K, Antony U (2019) The impact of the green rev-
olution on indigenous crops of India. J Ethnic Foods 6: 8.

4.	 Sekar I, Pal S (2012) Rice and wheat crop productivity in the Indo-Ganget-
ic plains of India: Changing pattern of growth and future strategies. Indian 
J Agri Eco 67: 238-252.

5.	 Abrol IP (1997) Sustaining rice-wheat system productivity in the In-
do-Gangetic plains: Water management-related issues. Agri Water Mgmt 
40: 31-35.

6.	 Kumar A, Prakash G, Kumar G (2021) Does environmentally responsible 
purchase intention matter for consumers? A predictive sustainable model 
developed through an empirical study. J Retail Consumer Ser 58: 1-16.

7.	 Saleh SM, Zhang Q, Chen J, Shen Q (2013) Millet grains: Nutritional qual-
ity, processing, and potential health benefits. Rev Food Sci Food Safety 
12: 281-295.

8.	 Sharma A (2016) Contributions of the prion protein sequence, strain, and 
environment to the species barrier. J Biol Chem 291: 1277-1288.

9.	 Grember KV, Bernstein J, Wiemers M, Acheampong K, Hanano A, et al. 
(2020) One decade to zero hunger linking health and sustainable food sys-
tems. Global Hunger Index, Wethungerhilfe, Bonn, Germany.

10.	FAO (2019) The state of food security and nutrition in the world: Safe-
guarding against economic slowdowns and downturns food. Food and 
Agricu1ture Organization of the United States, USA.

11.	Mouloudj K, Bouarar AC, Fechit H (2020) The impact of COVID-19 pan-
demic on food security. Les cahiers du Cread 36: 159-184.

12.	Parameswaran KP, Sadasivam S (1994) Changes in the carbohydrates and 
nitrogenous components during germination of proso millet- Panicum mil-
iaceum. Plant Foods Hum Nutri 45: 97-102.

13.	Singh E, Sarita (2016) Potential of millets: Nutrients composition and 
health benefits. J Sci Innovat Res 5: 46-50.

14.	Durairaj M, Gurumurthy G, Nachimuthu V, Muniappan K, Balasubrama-
nian S (2019) Dehulled small millets: The promising nutricereals for im-
proving the nutrition of children. Maternal Child Nutri 15: 12791.

15.	Edge MS, Jones JM, Marquart L (2005) A new life for whole grains. J 
American Diet Assoc 105: 1856-1860.

https://doi.org/10.24966/FSN-1076/100134
https://www.fao.org/giews/countrybrief/country.jsp?code=IND&lang=en
https://journalofethnicfoods.biomedcentral.com/track/pdf/10.1186/s42779-019-0011-9.pdf
https://journalofethnicfoods.biomedcentral.com/track/pdf/10.1186/s42779-019-0011-9.pdf
https://ideas.repec.org/a/ags/inijae/204809.html
https://ideas.repec.org/a/ags/inijae/204809.html
https://ideas.repec.org/a/ags/inijae/204809.html
https://econpapers.repec.org/article/eeeagiwat/v_3a40_3ay_3a1999_3ai_3a1_3ap_3a31-35.htm
https://econpapers.repec.org/article/eeeagiwat/v_3a40_3ay_3a1999_3ai_3a1_3ap_3a31-35.htm
https://econpapers.repec.org/article/eeeagiwat/v_3a40_3ay_3a1999_3ai_3a1_3ap_3a31-35.htm
https://www.sciencedirect.com/science/article/abs/pii/S0969698920312789
https://www.sciencedirect.com/science/article/abs/pii/S0969698920312789
https://www.sciencedirect.com/science/article/abs/pii/S0969698920312789
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12012
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12012
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12012
https://www.yeastgenome.org/reference/S000182116
https://www.yeastgenome.org/reference/S000182116
https://www.google.co.in/books/edition/One_Decade_to_Zero_Hunger_Linking_Health/8jzEzgEACAAJ?hl=en
https://www.google.co.in/books/edition/One_Decade_to_Zero_Hunger_Linking_Health/8jzEzgEACAAJ?hl=en
https://www.google.co.in/books/edition/One_Decade_to_Zero_Hunger_Linking_Health/8jzEzgEACAAJ?hl=en
https://www.fao.org/3/ca5162en/ca5162en.pdf
https://www.fao.org/3/ca5162en/ca5162en.pdf
https://www.fao.org/3/ca5162en/ca5162en.pdf
https://www.researchgate.net/publication/343047126_The_Impact_Of_Covid-19_Pandemic_On_Food_Security
https://www.researchgate.net/publication/343047126_The_Impact_Of_Covid-19_Pandemic_On_Food_Security
https://pubmed.ncbi.nlm.nih.gov/8153070/
https://pubmed.ncbi.nlm.nih.gov/8153070/
https://pubmed.ncbi.nlm.nih.gov/8153070/
https://www.jsirjournal.com/Vol5_Issue2_04.pdf
https://www.jsirjournal.com/Vol5_Issue2_04.pdf
https://pubmed.ncbi.nlm.nih.gov/31148399/
https://pubmed.ncbi.nlm.nih.gov/31148399/
https://pubmed.ncbi.nlm.nih.gov/31148399/
https://pubmed.ncbi.nlm.nih.gov/16321586/
https://pubmed.ncbi.nlm.nih.gov/16321586/


Citation: Arora L, Kaur S, Aggarwal R (2022) Minor Millets: Abandoned Grains with Promising Prospects. J Food Sci Nutr 8: 134.

 • Page 6 of 7

J Food Sci Nutr ISSN: 2470-1076, Open Access Journal
DOI: 10.24966/FSN-1076/100134

Volume 8 • Issue 2 • 100134

16.	Chethan S, Dharmesh SM, Malleshi NG (2008) Inhibition of aldose re-
ductase from cataracted eye lenses by finger millet (Eleusine coracana) 
polyphenols. Bioorg Med Chem 16: 10085-10090.

17.	Coulibaly A, Kouakou B, Chen J (2011) Phytic acid in cereal grains: struc-
ture, healthy or harmful ways to reduce phytic acid in cereal grains and 
their effects on nutritional quality. American J Pl Nutri Fert Technol 1: 
1-22.

18.	Das S, Khound R, Santra M, Santra D (2019) Beyond bird feed: Proso 
millet for human health and environment. Agri 9: 64.

19.	Sachdev N, Goomer S, Singh LR (2020) Foxtail millet: A potential crop to 
meet future demand scenario for alternative sustainable protein. J Sci Food 
Agric 34: 126-130.

20.	Saini S, Saxena S, Samtiya M, Puniya M, Dhewa T (2021) Potential of un-
derutilized millets as Nutri-cereal: An overview. Journal of Food Science 
and Technology 6: 1-3.

21.	Zhang LZ, Liu RH (2015) Phenolic and carotenoid profiles and antiprolif-
erative activity of foxtail millet. Food Chem 174: 495-501.

22.	Lin HC, Sheu SY, Sheen LY, Sheu PW, Chiang W, et al. (2020) The gastro-
protective effect of the foxtail millet and adlayprocessing product against 
stress-induced gastric mucosal lesions in rats. J Tradit Complement Med 
10: 336-344.

23.	Bangar SP, Ashogbon AO, Dhull SB, Thirumdas R, Kumar M, et al. (2021) 
Proso-millet starch: Properties, functionality, and applications. Interna-
tional Journal of Biological Macromolecules 190: 960-968.

24.	Vetriventhan M, Upadhyaya HD (2018) Diversity and trait-specific sourc-
es for productivity and nutritional traits in the global proso millet (Pani-
cum miliaceum L.) germplasm collection. The Crop Journal 6: 451-463.

25.	Park KO, Ito Y, Nagasawa T, Choi MR, Nishizawa N (2008) Effects of 
dietary Korean proso-millet protein on plasma adiponectin, HDL choles-
terol, insulin levels, and gene expression in obese type 2 diabetic mice. 
Biosci Biotechnol Biochem 72: 2918-2925. 

26.	Nishizawa N, Sato D, Ito Y, Nagasawa T, Hatakeyama Y, et al. (2002) 
Effects of dietary protein of proso millet on liver injury induced by D-ga-
lactosamine in rats. Biosci Biotechnol Biochem 66: 92-96.

27.	Stefano DE, White J, Seney S, Hekmat S, McDowell T, et al. (2017) A 
novel millet-based probiotic fermented food for the developing world. Nu-
trients 9: 529.

28.	Kumari SK, Thayumanavan B (1997) Comparative study of resistant 
starch from minor millets on intestinal responses, blood, glucose, serum 
cholesterol and triglycerides in rats. J Sci Food Agri 75: 296-302.

29.	Luithui Y, Kamani MH, Meera MS (2021) Impact of hydrothermal pro-
cessing on Job’s tears grain fractions and its protein isolates: Evaluation 
of digestibility, functionality and anti‐nutritional factors. Journal of Food 
Processing and Preservation 27: 15636.

30.	Pradeep SR, Guha M (2011) Effect of processing methods on the nutra-
ceutical and antioxidant properties of little millet (Panicum sumatrense) 
extracts. Food Chem 126: 1643-1647.

31.	Sharma B, Gujral HS (2019) Influence of nutritional and antinutritional 
components on dough rheology and in vitro protein & starch digestibility 
of minor millets. Food chemistry 299: 125115.

32.	Hotz C, Gibson RS (2007) Traditional food processing and preparation 
practices to enhance the bioavailability of micronutrients in plant-based 
diets. J Nutr137: 1097-1100.

33.	Gowda NN, Taj F, Subramanya S, Ranganna B (2020) Development a ta-
ble top centrifugal dehuller for small millets. AMA Agric Mech Asia Afri-
ca Latin Am 51: 72-78.

34.	Budhwar S, Sethi K, Chakraborty M (2020) Efficacy of germination and 
probiotic fermentation on underutilized cereal and millet grains. Food Pro-
duction, Processing and Nutrition 2: 1-7.

35.	Sharma R, Sharma S (2022) Anti-nutrient & bioactive profile, in vitro nu-
trient digestibility, techno-functionality, molecular and structural interac-
tions of foxtail millet (Setaria italica L.) as influenced by biological pro-
cessing techniques. Food Chemistry 368: 130815.

36.	Chinma CE, Abu JO, Asikwe BN, Sunday T, Adebo OA (2020) Effect of 
germination on the physicochemical, nutritional, functional, thermal prop-
erties and in vitro digestibility of Bambara groundnut flours. LWT 140: 
110749.

37.	Silva LR, Pereira MJ, Azevedo J (2013) Glycine max (L.) Merr., Vigna 
radiata L. and Medicago sativa L. Sprouts: A natural source of bioactive 
compounds. Food Res Int 50: 167-175. 

38.	Sharma S, Saxena DC, Riar CS (2015) Antioxidant activity, total pheno-
lics, flavonoids and antinutritional characteristics of germinated foxtail 
millet (Setariaitalica). Cogent Food Agric 1: 1081728.

39.	Bi S, Xu X, Luo D, Lao F, Pang X, et al. (2020) Characterization of key 
aroma compounds in raw and roasted peas (Pisum sativum L.) by appli-
cation of instrumental and sensory techniques. Journal of agricultural and 
food chemistry 68: 2718-2727.

40.	Rani S, Singh R, Sehrawat R, Kaur BP, Upadhyay A (2018) Pearl millet 
processing: A Review. Nutr Food Sci 30-44.

41.	Chauhan ES (2018) Effects of processing (germination and popping) on 
the nutritional and anti-nutritional properties of finger millet (Eleusine 
coracana). Curr Res Nutr Food Sci 6: 566-572.

42.	Konapur A, Gavaravarapur SRM, Gupta S, Nair KM (2014) Millets in 
meeting nutrition security: Issues and way forward for India. Indian J Nutr 
Diet 51: 306-321.

43.	Hotz C, Gibson RS (2007) Traditional food processing and preparation 
practices to enhance the bioavailability of micronutrients in plant-based 
diets. J Nutr 137: 1097-1100.

44.	Gowda NN, Taj F, Subramanya S, Ranganna B (2020) Development a ta-
ble top centrifugal dehuller for small millets. AMA Agric Mech Asia Afri-
ca Latin Am 51: 72-78.

45.	Budhwar S, Sethi K, Chakraborty M (2020) Efficacy of germination and 
probiotic fermentation on underutilized cereal and millet grains. Food Pro-
duction, Processing and Nutrition 2: 1-7.

46.	Sharma R, Sharma S (2022) Anti-nutrient & bioactive profile, in vitro nu-
trient digestibility, techno-functionality, molecular and structural interac-
tions of foxtail millet (Setaria italica L.) as influenced by biological pro-
cessing techniques. Food Chemistry 368: 130815.

47.	Chinma CE, Abu JO, Asikwe BN, Sunday T, Adebo OA (2020) Effect of 
germination on the physicochemical, nutritional, functional, thermal prop-
erties and in vitro digestibility of Bambara groundnut flours. LWT 140: 
110749.

48.	Silva LR, Pereira MJ, Azevedo J (2013) Glycine max (L.) Merr., Vigna 
radiata L. and Medicago sativa L. Sprouts: A natural source of bioactive 
compounds. Food Res Int 50: 167-175. 

49.	Sharma S, Saxena DC, Riar CS (2015) Antioxidant activity, total pheno-
lics, flavonoids and antinutritional characteristics of germinated foxtail 
millet (Setaria italica). Cogent Food Agric 1: 1081728.

50.	Bi S, Xu X, Luo D, Lao F, Pang X, et al. (2020) Characterization of key 
aroma compounds in raw and roasted peas (Pisum sativum L.) by appli-
cation of instrumental and sensory techniques. Journal of agricultural and 
food chemistry 68: 2718-2727.

51.	Rani S, Singh R, Sehrawat R, Kaur BP, Upadhyay A (2018) Pearl millet 
processing: A Review. Nutr Food Sci 2018: 30-44.

52.	Chauhan ES (2018) Effects of processing (germination and popping) on 
the nutritional and anti-nutritional properties of finger millet (Eleusine 
coracana). Curr Res Nutr Food Sci 6: 566-572.

https://doi.org/10.24966/FSN-1076/100134
https://pubmed.ncbi.nlm.nih.gov/18976928/
https://pubmed.ncbi.nlm.nih.gov/18976928/
https://pubmed.ncbi.nlm.nih.gov/18976928/
https://scialert.net/fulltext/?doi=ajpnft.2011.1.22
https://scialert.net/fulltext/?doi=ajpnft.2011.1.22
https://scialert.net/fulltext/?doi=ajpnft.2011.1.22
https://scialert.net/fulltext/?doi=ajpnft.2011.1.22
https://www.mdpi.com/2077-0472/9/3/64
https://www.mdpi.com/2077-0472/9/3/64
https://pubmed.ncbi.nlm.nih.gov/32767555/
https://pubmed.ncbi.nlm.nih.gov/32767555/
https://pubmed.ncbi.nlm.nih.gov/32767555/
https://pubmed.ncbi.nlm.nih.gov/34629510/
https://pubmed.ncbi.nlm.nih.gov/34629510/
https://pubmed.ncbi.nlm.nih.gov/34629510/
https://pubmed.ncbi.nlm.nih.gov/25529711/
https://pubmed.ncbi.nlm.nih.gov/25529711/
https://pubmed.ncbi.nlm.nih.gov/32695650/
https://pubmed.ncbi.nlm.nih.gov/32695650/
https://pubmed.ncbi.nlm.nih.gov/32695650/
https://pubmed.ncbi.nlm.nih.gov/32695650/
https://www.sciencedirect.com/science/article/abs/pii/S0141813021019851
https://www.sciencedirect.com/science/article/abs/pii/S0141813021019851
https://www.sciencedirect.com/science/article/abs/pii/S0141813021019851
https://www.sciencedirect.com/science/article/pii/S221451411830059X
https://www.sciencedirect.com/science/article/pii/S221451411830059X
https://www.sciencedirect.com/science/article/pii/S221451411830059X
https://pubmed.ncbi.nlm.nih.gov/18997420/
https://pubmed.ncbi.nlm.nih.gov/18997420/
https://pubmed.ncbi.nlm.nih.gov/18997420/
https://pubmed.ncbi.nlm.nih.gov/18997420/
https://pubmed.ncbi.nlm.nih.gov/11866125/
https://pubmed.ncbi.nlm.nih.gov/11866125/
https://pubmed.ncbi.nlm.nih.gov/11866125/
https://pubmed.ncbi.nlm.nih.gov/28531168/
https://pubmed.ncbi.nlm.nih.gov/28531168/
https://pubmed.ncbi.nlm.nih.gov/28531168/
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291097-0010%28199711%2975%3A3%3C296%3A%3AAID-JSFA877%3E3.0.CO%3B2-X
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291097-0010%28199711%2975%3A3%3C296%3A%3AAID-JSFA877%3E3.0.CO%3B2-X
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291097-0010%28199711%2975%3A3%3C296%3A%3AAID-JSFA877%3E3.0.CO%3B2-X
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.15636
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.15636
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.15636
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.15636
https://pubmed.ncbi.nlm.nih.gov/25213939/
https://pubmed.ncbi.nlm.nih.gov/25213939/
https://pubmed.ncbi.nlm.nih.gov/25213939/
https://pubmed.ncbi.nlm.nih.gov/31288161/
https://pubmed.ncbi.nlm.nih.gov/31288161/
https://pubmed.ncbi.nlm.nih.gov/31288161/
https://pubmed.ncbi.nlm.nih.gov/17374686/
https://pubmed.ncbi.nlm.nih.gov/17374686/
https://pubmed.ncbi.nlm.nih.gov/17374686/
https://www.researchgate.net/profile/Nanje-Na-2/publication/344187634_Development_a_Table_Top_Centrifugal_Dehuller_for_Small_Millets/links/5f59c22a4585154dbbc40905/Development-a-Table-Top-Centrifugal-Dehuller-for-Small-Millets.pdf
https://www.researchgate.net/profile/Nanje-Na-2/publication/344187634_Development_a_Table_Top_Centrifugal_Dehuller_for_Small_Millets/links/5f59c22a4585154dbbc40905/Development-a-Table-Top-Centrifugal-Dehuller-for-Small-Millets.pdf
https://www.researchgate.net/profile/Nanje-Na-2/publication/344187634_Development_a_Table_Top_Centrifugal_Dehuller_for_Small_Millets/links/5f59c22a4585154dbbc40905/Development-a-Table-Top-Centrifugal-Dehuller-for-Small-Millets.pdf
https://fppn.biomedcentral.com/articles/10.1186/s43014-020-00026-w
https://fppn.biomedcentral.com/articles/10.1186/s43014-020-00026-w
https://fppn.biomedcentral.com/articles/10.1186/s43014-020-00026-w
https://www.sciencedirect.com/science/article/abs/pii/S0308814621018215
https://www.sciencedirect.com/science/article/abs/pii/S0308814621018215
https://www.sciencedirect.com/science/article/abs/pii/S0308814621018215
https://www.sciencedirect.com/science/article/abs/pii/S0308814621018215
https://www.sciencedirect.com/science/article/pii/S0023643820317370
https://www.sciencedirect.com/science/article/pii/S0023643820317370
https://www.sciencedirect.com/science/article/pii/S0023643820317370
https://www.sciencedirect.com/science/article/pii/S0023643820317370
https://www.sciencedirect.com/science/article/abs/pii/S096399691200436X
https://www.sciencedirect.com/science/article/abs/pii/S096399691200436X
https://www.sciencedirect.com/science/article/abs/pii/S096399691200436X
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1081728
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1081728
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1081728
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.9b07711
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.9b07711
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.9b07711
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.9b07711
https://www.researchgate.net/publication/322278079_Pearl_millet_processing_a_review
https://www.researchgate.net/publication/322278079_Pearl_millet_processing_a_review
https://www.researchgate.net/publication/327309104_Effects_of_Processing_Germination_and_Popping_on_the_Nutritional_and_Anti-Nutritional_Properties_of_Finger_Millet_Eleusine_Coracana
https://www.researchgate.net/publication/327309104_Effects_of_Processing_Germination_and_Popping_on_the_Nutritional_and_Anti-Nutritional_Properties_of_Finger_Millet_Eleusine_Coracana
https://www.researchgate.net/publication/327309104_Effects_of_Processing_Germination_and_Popping_on_the_Nutritional_and_Anti-Nutritional_Properties_of_Finger_Millet_Eleusine_Coracana
https://www.researchgate.net/publication/264563641_Millets_in_Meeting_Nutrition_Security_Issues_and_Way_Forward_for_India
https://www.researchgate.net/publication/264563641_Millets_in_Meeting_Nutrition_Security_Issues_and_Way_Forward_for_India
https://www.researchgate.net/publication/264563641_Millets_in_Meeting_Nutrition_Security_Issues_and_Way_Forward_for_India
https://pubmed.ncbi.nlm.nih.gov/17374686/
https://pubmed.ncbi.nlm.nih.gov/17374686/
https://pubmed.ncbi.nlm.nih.gov/17374686/
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=202002244785796327
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=202002244785796327
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=202002244785796327
https://fppn.biomedcentral.com/articles/10.1186/s43014-020-00026-w
https://fppn.biomedcentral.com/articles/10.1186/s43014-020-00026-w
https://fppn.biomedcentral.com/articles/10.1186/s43014-020-00026-w
https://www.sciencedirect.com/science/article/abs/pii/S0308814621018215
https://www.sciencedirect.com/science/article/abs/pii/S0308814621018215
https://www.sciencedirect.com/science/article/abs/pii/S0308814621018215
https://www.sciencedirect.com/science/article/abs/pii/S0308814621018215
https://www.sciencedirect.com/science/article/pii/S0023643820317370
https://www.sciencedirect.com/science/article/pii/S0023643820317370
https://www.sciencedirect.com/science/article/pii/S0023643820317370
https://www.sciencedirect.com/science/article/pii/S0023643820317370
https://agris.fao.org/agris-search/search.do?recordID=US201500060510
https://agris.fao.org/agris-search/search.do?recordID=US201500060510
https://agris.fao.org/agris-search/search.do?recordID=US201500060510
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1081728
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1081728
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1081728
https://pubmed.ncbi.nlm.nih.gov/32013424/
https://pubmed.ncbi.nlm.nih.gov/32013424/
https://pubmed.ncbi.nlm.nih.gov/32013424/
https://pubmed.ncbi.nlm.nih.gov/32013424/
https://www.cabdirect.org/globalhealth/abstract/20183283835
https://www.cabdirect.org/globalhealth/abstract/20183283835
https://www.foodandnutritionjournal.org/volume6number2/effects-of-processing-germination-and-popping-on-the-nutritional-and-anti-nutritional-properties-of-finger-millet-eleusine-coracana/
https://www.foodandnutritionjournal.org/volume6number2/effects-of-processing-germination-and-popping-on-the-nutritional-and-anti-nutritional-properties-of-finger-millet-eleusine-coracana/
https://www.foodandnutritionjournal.org/volume6number2/effects-of-processing-germination-and-popping-on-the-nutritional-and-anti-nutritional-properties-of-finger-millet-eleusine-coracana/


Citation: Arora L, Kaur S, Aggarwal R (2022) Minor Millets: Abandoned Grains with Promising Prospects. J Food Sci Nutr 8: 134.

 • Page 7 of 7

J Food Sci Nutr ISSN: 2470-1076, Open Access Journal
DOI: 10.24966/FSN-1076/100134

Volume 8 • Issue 2 • 100134

53.	Konapur A, Gavaravarapur SRM, Gupta S, Nair KM (2014) Millets in 
meeting nutrition security: Issues and way forward for India. Indian J. 
Nutr. Diet 51: 306-321.

54.	Bindra D, Manju D (2019) Formulation and evaluation of foods from com-
posite flour blends of sorghum, pearl millet and whole wheat for suitability 
in diabetic diet. Int J Home Sci 5: 220-229.

55.	Annor GA, Tyl C, Marcone M, Ragaee S, Marti A (2017) Why do millets 
have slower starch and protein digestibility than other cereals? Trends in 
food science & technology 66: 73-83.

56.	Pandhare RB, Sangameswaran B, Mohite PB, Khanage SG (2011) Antidi-
abetic activity of aqueous leaves extract of Sesbania sesban (L) Merr. in 
streptozotocin induced diabetic rats. Avicenna J Med Biotechnol 3: 37-43.

57.	Nazni P, Shobana DR (2016) Effect of processing on the characteristics 
changes in barnyard and foxtail millet. J Food Process Technol 7: 1-9.

58.	Iyabo OO, Ibiyinka O, Abimbola Deola O (2018) Comparative study of 
nutritional, functional and antinutritional properties of white sorghum bi-
color (Sorghum) and pennisetum glaucum (Pearl Millet). Int J Eng Technol 
Man Res 5: 151-158.

59.	Singh A, Gupta S, Kaur R, Gupta HR (2017) Process optimization for an-
ti-nutrient minimization of millets. Asian Journal of Dairy and Food Re-
search 36: 322-326.

60.	Tizazu S, Urga K, Belay A, Abuye C, Retta N (2011) Effect of germina-
tion on mineral bioavailability of sorghum- based complementary foods. 
African Journal of Food Agriculture Nutrition and Development 11: 5087-
5088.

61.	Gunashree BS, Kumar RS, Roobini R, Venkateswaran G (2014) Nutrients 
and antinutrients of ragi and wheat as influenced by traditional process-
es. International Journal of Current Microbiology and Applied Sciences 
3: 720-736.

62.	Badau MH, Nkama I, Jideani AI (2005) Phytic acid content and hydrochlo-
ric acid extractability of minerals in pearl millet as affected by germination 
time and cultivar. Food Chemistry 92: 425-435.

63.	Sruthi NU, Rao PS (2021) Effect of processing on storage stability of mil-
let flour: A review. Trends Food Sci Technol 112: 58-74.

64.	Yadav SS, Redden RJ, Hatfield JL, Lotze-Campen H, Hall AE (2011) Crop 
adaptation to climate change. John Wiley &Sons, New York, USA.

65.	Geetha K, Yankanchi GM, Hulamani S, Hiremath N (2020) Glycemic in-
dex of millet based food mix and its effect on pre diabetic subjects. J Food 
Sci Technol 57: 2732-2738.

66.	Sharma N, Goyal SK, Alam T, Fatma S, Chaoruangrit A, et al. (2018) 
Effect of high pressure soaking on water absorption, gelatinization, and 
biochemical properties of germinated and non-germinated foxtail millet 
grains. J Cereal Sci 83: 162-170.

67.	Dharmaraj U, Malleshi NG (2011) Changes in carbohydrates, proteins and 
lipids of finger millet after hydrothermal processing. LWT-Food Science 
and Technology 44: 1636-1642.

68.	Jalgaonkar K, Jha SK, Sharma D K (2016) Effect of thermal treatments on 
the storage life of pearl millet (Pennisetum glaucum) flour. Indian J Agric 
Sci 86: 762-767.

69.	Joshi PP, Biradar R, Mathad P, Jha V (2018) Effects of different retail 
packaging materials on the shelflife of dehusked foxtail millet. Journal of 
Applied Packaging Research 10: 5.

70.	Park J, Jang EY, Kim JY, Yi B, Kim MJ, et al. (2013) Effects of visible light 
irradiation on the oxidative stability in rice bran. J Cereal Sci 58: 178-181.

71.	Vetriventhan M, Upadhyaya HD (2018) Diversity and trait-specific sourc-
es for productivity and nutritional traits in the global proso millet (Pani-
cum miliaceum L.) germplasm collection. The Crop Journal 6: 451-463.

72.	Taylor RN, Schober TJ, Bean SR (2006) Novel food non-food uses for 
sorghum and millets. J Cereal Sci 44: 252-271.

73.	Thathola A, Srivastava S (2002) Physico-chemical properties and nutri-
tional traits of millet-based weaning food suitable for infants of the Kuma-
on hills, Northern India. Asia Pacific J Clin Nutri 11: 28-32.

74.	Chhavi A, Sarita S (2012) Evaluation of composite millet breads for sen-
sory and nutritional quality and glycemic response. Malaysian J Nutri 18: 
89-101.

75.	Deshpande HW, Poshadri A (2011) Physical and sensory characteristics of 
extruded snacks prepared from Foxtail millet based composite flours. Inter 
Food Res J 18: 751-756.

76.	Thathola A, Srivastava S, Singh G (2011) Effect of Foxtail millet (Setaria 
italica) supplementation on serum glucose, serum lipids and glycosylated 
hemoglobin in type 2 diabetics. Diabetologia Croatica 40: 23-28.

77.	Jeong SM, Ko JY, Seong SB, Lee SJ (2014) Physicochemical characteris-
tics of sikhye (Korean traditional rice beverage) using foxtail millet, proso 
millet and sorghum. J Korean Soc Food Nutri 43: 1785-1790.

78.	Shi Y, Ma Y, Zhang R, Ma H, Liu B (2014) Preparation and characteriza-
tion of foxtail millet bran oil using subcritical propane and supercritical 
carbon dioxide extraction. J Food Sci Technol 52: 3099-3104.

79.	Pang M, He S, Wang L, Cao X, Cao L, et al. (2014) Physicochemical 
properties, antioxidant activities and protective effect against acute etha-
nol-induced hepatic injury in mice of Foxtail millet (Setaria italica) bran 
oil. Food Funct 5: 1763-1770.

80.	Anju T, Sarita S (2010) Suitability of foxtail millet (Setaria italica) for 
development of low glycemic index biscuits. Mal J Nutr 16: 361-368.

81.	Sivakumar GM (2017) Sensory evaluation of foxtail millet incorporated 
sugar free ice creams. Int J Food Env Tech 6: 2576-2580.

82.	Rao A, Fatima Z (2019) Development, organoleptic evaluation and accept-
ability of products developed by incorporating foxtail millet. J Food Sci 
Nutr Res 2: 128-135.

83.	Verma S, Srivastava S, Tiwari N (2014) Comparative study on nutritional 
and sensory quality of barnyard and foxtail millet food products with tra-
ditional rice products. J Food Sci Technol 52: 5147-5155.

84.	McSweeney MB, Duizer LM, Seetharaman K, Ramdath D (2016) Assess-
ment of important sensory attributes of millet-based snacks and biscuits. J 
Food Sci 81: 1203-1209.

85.	Woomer J, Singh M, Vijayakumar PP, Adedeji A (2019) Physical proper-
ties and organoleptic evaluation of gluten-free bread from proso millet. 
British Food J 122: 547-560.

86.	Cordelino IG, Tyl C, Inamdar L, Vickers Z, Marti A, et al. (2018) Cook-
ing quality, digestibility, and sensory properties of proso millet pasta as 
impacted by amylose content and prolamin profile. LWT Food Sci Tech 
99: 1-7.

87.	Srivastava S, Thathola A, Batra A (2001) Development and nutritional 
evaluation of proso millet-based convenience mix for infants and children. 
J Food Sci Technol Mysore 38: 480-483.

88.	McSweeney MB, Seetharaman K, Ramnath DD, Duizer LM (2017) 
Chemical and physical characteristics of proso millet (Panicum miliace-
um)- based products. Cereal Chem J 94: 357-362.

https://doi.org/10.24966/FSN-1076/100134
https://www.researchgate.net/publication/264563641_Millets_in_Meeting_Nutrition_Security_Issues_and_Way_Forward_for_India
https://www.researchgate.net/publication/264563641_Millets_in_Meeting_Nutrition_Security_Issues_and_Way_Forward_for_India
https://www.researchgate.net/publication/264563641_Millets_in_Meeting_Nutrition_Security_Issues_and_Way_Forward_for_India
https://www.homesciencejournal.com/archives/?year=2019&vol=5&issue=3&part=D&ArticleId=844
https://www.homesciencejournal.com/archives/?year=2019&vol=5&issue=3&part=D&ArticleId=844
https://www.homesciencejournal.com/archives/?year=2019&vol=5&issue=3&part=D&ArticleId=844
https://experts.umn.edu/en/publications/why-do-millets-have-slower-starch-and-protein-digestibility-than-
https://experts.umn.edu/en/publications/why-do-millets-have-slower-starch-and-protein-digestibility-than-
https://experts.umn.edu/en/publications/why-do-millets-have-slower-starch-and-protein-digestibility-than-
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3558175/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3558175/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3558175/
https://www.walshmedicalmedia.com/open-access/effect-of-processing-on-the-characteristics-changes-in-barnyard-and-foxtail-millet-2157-7110-1000566.pdf
https://www.walshmedicalmedia.com/open-access/effect-of-processing-on-the-characteristics-changes-in-barnyard-and-foxtail-millet-2157-7110-1000566.pdf
https://www.granthaalayahpublication.org/ijetmr-ojms/index.php/ijetmr/article/view/16_IJETMR18_A03_306
https://www.granthaalayahpublication.org/ijetmr-ojms/index.php/ijetmr/article/view/16_IJETMR18_A03_306
https://www.granthaalayahpublication.org/ijetmr-ojms/index.php/ijetmr/article/view/16_IJETMR18_A03_306
https://www.granthaalayahpublication.org/ijetmr-ojms/index.php/ijetmr/article/view/16_IJETMR18_A03_306
https://arccjournals.com/journal/asian-journal-of-dairy-and-food-research/DR-1215
https://arccjournals.com/journal/asian-journal-of-dairy-and-food-research/DR-1215
https://arccjournals.com/journal/asian-journal-of-dairy-and-food-research/DR-1215
https://www.ajol.info/index.php/ajfand/article/view/70438
https://www.ajol.info/index.php/ajfand/article/view/70438
https://www.ajol.info/index.php/ajfand/article/view/70438
https://www.ajol.info/index.php/ajfand/article/view/70438
https://www.cabdirect.org/globalhealth/abstract/20143271541
https://www.cabdirect.org/globalhealth/abstract/20143271541
https://www.cabdirect.org/globalhealth/abstract/20143271541
https://www.cabdirect.org/globalhealth/abstract/20143271541
https://www.sciencedirect.com/science/article/abs/pii/S0308814604006065
https://www.sciencedirect.com/science/article/abs/pii/S0308814604006065
https://www.sciencedirect.com/science/article/abs/pii/S0308814604006065
https://www.sciencedirect.com/science/article/abs/pii/S0924224421002351
https://www.sciencedirect.com/science/article/abs/pii/S0924224421002351
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270244/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270244/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270244/
https://www.sciencedirect.com/science/article/abs/pii/S0733521018303588
https://www.sciencedirect.com/science/article/abs/pii/S0733521018303588
https://www.sciencedirect.com/science/article/abs/pii/S0733521018303588
https://www.sciencedirect.com/science/article/abs/pii/S0733521018303588
https://www.sciencedirect.com/science/article/abs/pii/S0023643810002926
https://www.sciencedirect.com/science/article/abs/pii/S0023643810002926
https://www.sciencedirect.com/science/article/abs/pii/S0023643810002926
https://agris.fao.org/agris-search/search.do?recordID=IN2022003947
https://agris.fao.org/agris-search/search.do?recordID=IN2022003947
https://agris.fao.org/agris-search/search.do?recordID=IN2022003947
https://scholarworks.rit.edu/japr/vol10/iss3/5/
https://scholarworks.rit.edu/japr/vol10/iss3/5/
https://scholarworks.rit.edu/japr/vol10/iss3/5/
https://www.sciencedirect.com/science/article/abs/pii/S073352101300088X
https://www.sciencedirect.com/science/article/abs/pii/S073352101300088X
https://www.sciencedirect.com/science/article/pii/S221451411830059X
https://www.sciencedirect.com/science/article/pii/S221451411830059X
https://www.sciencedirect.com/science/article/pii/S221451411830059X
https://www.sciencedirect.com/science/article/abs/pii/S0733521006000828
https://www.sciencedirect.com/science/article/abs/pii/S0733521006000828
https://pubmed.ncbi.nlm.nih.gov/11890635/
https://pubmed.ncbi.nlm.nih.gov/11890635/
https://pubmed.ncbi.nlm.nih.gov/11890635/
https://pubmed.ncbi.nlm.nih.gov/23713233/
https://pubmed.ncbi.nlm.nih.gov/23713233/
https://pubmed.ncbi.nlm.nih.gov/23713233/
http://www.ifrj.upm.edu.my/18%20(02)%202011/(38)%20IFRJ-2010-199.pdf
http://www.ifrj.upm.edu.my/18%20(02)%202011/(38)%20IFRJ-2010-199.pdf
http://www.ifrj.upm.edu.my/18%20(02)%202011/(38)%20IFRJ-2010-199.pdf
https://www.semanticscholar.org/paper/Effect-of-foxtail-millet-(Setaria-italica)-on-serum-Thathola-Srivastava/3c0c11f1298f30df216a5cd01f25c1d4236f9c13
https://www.semanticscholar.org/paper/Effect-of-foxtail-millet-(Setaria-italica)-on-serum-Thathola-Srivastava/3c0c11f1298f30df216a5cd01f25c1d4236f9c13
https://www.semanticscholar.org/paper/Effect-of-foxtail-millet-(Setaria-italica)-on-serum-Thathola-Srivastava/3c0c11f1298f30df216a5cd01f25c1d4236f9c13
https://www.researchgate.net/publication/277586532_Physicochemical_Characteristics_of_Sikhye_Korean_Traditional_Rice_Beverage_Using_Foxtail_Millet_Proso_Millet_and_Sorghum
https://www.researchgate.net/publication/277586532_Physicochemical_Characteristics_of_Sikhye_Korean_Traditional_Rice_Beverage_Using_Foxtail_Millet_Proso_Millet_and_Sorghum
https://www.researchgate.net/publication/277586532_Physicochemical_Characteristics_of_Sikhye_Korean_Traditional_Rice_Beverage_Using_Foxtail_Millet_Proso_Millet_and_Sorghum
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4397323/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4397323/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4397323/
https://pubs.rsc.org/en/content/articlelanding/2014/fo/c4fo00106k/unauth
https://pubs.rsc.org/en/content/articlelanding/2014/fo/c4fo00106k/unauth
https://pubs.rsc.org/en/content/articlelanding/2014/fo/c4fo00106k/unauth
https://pubs.rsc.org/en/content/articlelanding/2014/fo/c4fo00106k/unauth
https://pubmed.ncbi.nlm.nih.gov/22691989/
https://pubmed.ncbi.nlm.nih.gov/22691989/
https://www.semanticscholar.org/paper/Sensory-evaluation-of-Foxtail-Millet-incorporated-Sivakumar/b51e842b08b4b21ef3222824755cfe05b5458d26
https://www.semanticscholar.org/paper/Sensory-evaluation-of-Foxtail-Millet-incorporated-Sivakumar/b51e842b08b4b21ef3222824755cfe05b5458d26
https://www.fortunejournals.com/articles/development-organoleptic-evaluation-and-acceptability-of-products-developed-by-incorporating-foxtail-millet.pdf
https://www.fortunejournals.com/articles/development-organoleptic-evaluation-and-acceptability-of-products-developed-by-incorporating-foxtail-millet.pdf
https://www.fortunejournals.com/articles/development-organoleptic-evaluation-and-acceptability-of-products-developed-by-incorporating-foxtail-millet.pdf
https://pubmed.ncbi.nlm.nih.gov/26243936/
https://pubmed.ncbi.nlm.nih.gov/26243936/
https://pubmed.ncbi.nlm.nih.gov/26243936/
https://pubmed.ncbi.nlm.nih.gov/27027669/
https://pubmed.ncbi.nlm.nih.gov/27027669/
https://pubmed.ncbi.nlm.nih.gov/27027669/
https://www.emerald.com/insight/content/doi/10.1108/BFJ-07-2019-0555/full/html
https://www.emerald.com/insight/content/doi/10.1108/BFJ-07-2019-0555/full/html
https://www.emerald.com/insight/content/doi/10.1108/BFJ-07-2019-0555/full/html
https://experts.umn.edu/en/publications/cooking-quality-digestibility-and-sensory-properties-of-proso-mil
https://experts.umn.edu/en/publications/cooking-quality-digestibility-and-sensory-properties-of-proso-mil
https://experts.umn.edu/en/publications/cooking-quality-digestibility-and-sensory-properties-of-proso-mil
https://experts.umn.edu/en/publications/cooking-quality-digestibility-and-sensory-properties-of-proso-mil
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=200902131170009826
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=200902131170009826
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=200902131170009826
https://onlinelibrary.wiley.com/doi/abs/10.1094/CCHEM-07-16-0185-R
https://onlinelibrary.wiley.com/doi/abs/10.1094/CCHEM-07-16-0185-R
https://onlinelibrary.wiley.com/doi/abs/10.1094/CCHEM-07-16-0185-R


Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us

http://www.heraldopenaccess.us/

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

Advances In Industrial Biotechnology | ISSN: 2639-5665 

Advances In Microbiology Research | ISSN: 2689-694X 

Archives Of Surgery And Surgical Education | ISSN: 2689-3126 

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779 

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X 

Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276 

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292 

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370 

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594 

Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X 

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562 

Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608 

Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879 

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397 

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751 

Journal Of Aquaculture & Fisheries | ISSN: 2576-5523 

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780 

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546 

Journal Of Cardiology Study & Research | ISSN: 2640-768X 

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943 

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771 

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844 

Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801 

Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978 

Journal Of Cytology & Tissue Biology | ISSN: 2378-9107 

Journal Of Dairy Research & Technology | ISSN: 2688-9315 

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783 

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X 

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798 

Journal Of Environmental Science Current Research | ISSN: 2643-5020 

Journal Of Food Science & Nutrition | ISSN: 2470-1076 

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X 

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566 

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485 

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662 

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999 

Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640 

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654 

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493 

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657 

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044 

Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X 

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313 

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400 

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419 

Journal Of Obesity & Weight Loss | ISSN: 2473-7372 

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887 

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052 

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X 

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649 

Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670 

Journal Of Plant Science Current Research | ISSN: 2639-3743 

Journal Of Practical & Professional Nursing | ISSN: 2639-5681 

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150 

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177 

Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574 

Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060 

Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284 

Journal Of Toxicology Current Research | ISSN: 2639-3735 

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | ISSN: 2573-0193 

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829 

Trends In Anatomy & Physiology | ISSN: 2640-7752 

https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

	_GoBack

