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Abstract: The nutritional importance of minor millets growing 

in geographically and environmentally isolated semi-arid regions 

remains largely unexplored, which has led to it being under-

utilized for diet diversification. In this study, the proximate 

composition of three species of minor millets, namely, Barnyard 

millet (Echinochloa frumentacea),Finger millet (Eleusine 

coracana) and Foxtail millet(Setaria italica), grown in traditional 

millet cultivating regions (cold semi-arid) of the Himalayan 

range, have been analyzed. Two high altitude locations of 

contrasting cold temperatures in this region were selected for 

analysis. Dehradun which exhibits a temperature of 25-27℃, is 

located at 640 masl. (Meters Above Sea Level) in Uttarakhand 

West (UW), whereas, the second location, Pithoragarh which 

exhibits a temperature of 15-17℃ is located at 1514 masl. in 

Uttarakhand East (UE). The results of this study record a 30.75 

percent increase in average protein content of Barnyard millet 

grains when the same seed stock was grown at the second region 

of lower temperature, i.e. Pithoragarh (15-17℃), as compared to 

Dehradun (15-17℃). A 42.66 percent increase in average fat 

content was also recorded for Barnyard millet grains when 

grown at Pithoragarh (15-17℃). The two other millet species, 

Finger millet and Foxtail millet, did not record significant 

differences in protein and fat contents, however, Foxtail millet 

displayed marginally increased levels of sodium and potassium. 

In contrast to the other components analyzed, Total Dietary Fiber 

(TDF) was found to decrease with growth at the comparatively 

colder location of Pithoragarh. A 36.71 percent decrease in TDF 

content was recorded for Barnyard millet, whereas, a 19.25 

percent decrease was recorded for Finger millet. Foxtail millet 

displayed a marginal decrease of only 5.3 percent in TDF content 

with growth at Pithoragarh. Starch concentration and moisture 

content for all three species was also studied, but did not record 

any notable differences due to growth at the colder location of 

Pithoragarh. The results here indicate an important role of cold 

temperature and high altitude in regulating the proximate 

composition of minor millet grains. Studies which explore the 

proximate composition of millet cultivars in such geographically 

and environmentally distinct millet growing regions, may reveal 

new information regarding the nutritional importance of minor 

millets, and the ideal conditions of growth for maximum 

nutritional benefit. 
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I. INTRODUCTION 

Millets are nutritionally superior, small cereal grains 

belonging to the grass family Poaceae [1].  

They are climate-compliant rain-fed crops which possess an 

excellent ability to withstand extremesof temperature, and 

are thus grown in both the hot and cold semi-arid regions of 

the developing world [2, 3].  

They are an excellent source of protein and energy coupled 

with various micronutrients, such as Zinc, Iron, Sodium, 

Potassium, Calcium, Magnesium, B-vitamins, dietary fiber 

and essential amino acids [4]. Along with nutrients and 

minerals they are also rich in phytochemicals such as 

antioxidants, polyphenols, polycyanins, flavonoids and 

polysterols [5]. Millets have numerous health benefits which 

range from improving the immune system to prevention of 

age-onset diseases. Their low glycemic index property 

reduces post-prandial blood glucose level [6].  

Millets species are primarily divided into two categories, the 

major millets comprising of Pearl millet (Pennisetum 

glaucum) and Sorghum (Sorghum bicolor), and the minor 

millets comprising of Foxtail millet (Setaria italica), Proso 

millet (Panicum miliaceum), Finger millet (Eleusine 

coracana), Kodo millet (Paspalum scrobiculatum), 

Barynard millet (Echinochloa frumentacea) and Little millet 

(Panicum sumatrense) [4].  

Minor millets are subsistence crops which require 

minimal inputs during cultivation, have shorter growing 

seasons of 70-90 days, and possess smaller size of grains 

[7]. In spite of their sturdiness and long storage life, minor 

millets have received very less attention, owing to lack of 

processing technologies for decortication, poor financial 

returns and most importantly, due to ignorance of their rich 

nutritional profile [8]. With high-yielding crops such as 

wheat and rice overshadowing nutritional importance, 

studies on the nutritional composition of millet grains from 

geographically and environmentally distinct millet-growing 

regions is required.   

This study presents the proximate composition of 

three minor millet species from two traditionally millet-

growing, cold semi-arid regions located in the higher 

altitudes of the Himalayan range. Comparisons have been 

drawn between the proximate composition of millets grown 

in these two regions of varying cold temperatures, Dehradun 

(25℃) and Pithoragarh (15℃). 
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II. MATERIALS & METHODS 

 

A. Collection and Preparation of Millet Grain 

Samples 

Three species of millets, namely, Barnyard millet 

(Echinochloa frumentacea), Finger millet (Eleusine 

coracana) and Foxtail millet (Setaria italica), were grown at 

two different high altitude regions, exhibiting an altitude 

difference of 874 masl. (Meters Above Sea Level), and 

situated in the Uttarakhand province of India. These two 

regions with similar cold semi-arid climate, but particularly 

variant cold temperatures, included Dehradun, at 640 masl. 

in Uttarakhand West (UW), with a temperature of 25-27℃, 

and Pithoragarh, at 1514 masl. in Uttarakhand East (UE), 

with a temperature of 15-17℃ during the Kharif season.  

Grain samples representing the populations of the 

three millet species were harvested, cleaned using distilled 

water, air-dried for a week, and stored in airtight 

polypropylene bags at -20ºC until further analysis. For 

analyses, the grains were hand pounded in a pestle and 

mortar to remove the husks and pericarp, ground into coarse 

flour using a blender, and passed through a 60 mesh sieve to 

remove larger particles [9].  

B. Analysis of Proximate Composition  

Proximate composition of the flour samples was 

analysed using Association of Official Analytical Chemists 

(AOAC) procedures [10,11]. Nutrient analyses included 

determination of average protein content (%), fat content 

(%), Total Dietary Fiber (%) (TDF), starch concentration 

(mg/ml) and moisture content (%). Mineral analysis 

included determination of the level of sodium (g/100g) and 

potassium (g/100g). All the chemicals, reagents and 

enzymes used were of analytical grade. Proximate analysis 

of each component was carried out in triplicates, with mean 

(±) values used for comparative study.   

 Protein    

Protein (Nitrogen x 6.25) content was determined 

using the Kjeldahl digestion and distillation method (AOAC 

method 2001.11) [12]. Following protein digestion of the 

sample with 95% Sulphuric acid (Nitrogen-free) in a protein 

digester (Kjeldatherm digestion block, Gerhardt GmbH & 

Co. KG, Germany), the digest was distilled using Boric acid 

and NaOH solutions. The protein concentration was then 

estimated colorimetrically using titration with standardized 

HCl. solution containing THAM (Tris Hydroxymethyl 

Aminomethane).  

 Fat 

Total fat was determined using the Soxhlet 

extraction method [13]. Millet flour sample (3g) was added 

to a thimble, placed in a Soxhlet apparatus and extracted for 

7 hours with Petroleum Ether (60-80℃) (AOAC method 

930.09) [14]. Following extraction, the thimbles were air-

dried overnight, and then in a hot-air oven at 105°C for 24 

hours. The loss in weight was measured at time periods 

indicated by the protocol [15]. An AOAC optimized 

formulae was used to derive the percentage of fat by 

calculating the loss in weight of the sample following 

extraction, and also by correcting for moisture content using 

a hot-air oven. 

 Total Dietary Fiber 

For Total Dietary Fiber (TDF) determination, an 

enzymatic-gravimetric assay kit (Sigma Aldrich- TDF-

100A) was employed (AOAC method 985.29) [16]. 

Following gelatinization with α-amylase, the protein and 

starch in the sample were removed by enzymatic digestion 

with protease and amyloglucosidase. The percentage of total 

dietary fibre was derived from the weight of the residue, 

from which the weight of protein and ash had been 

deducted. The protein here was determined using the 

Kjeldahl procedure, and ash was determined using a muffle 

furnace.  

 

 Mineral Analysis 

Sodium and Potassium levels in the flour samples 

were determined using a Flame Photometer. (Gallenkamp 

Flame Photometer, UK) (AOAC method 969.23) [17]. 

Samples for mineral analysis were prepared by incinerating 

2g flour sample in crucibles by placing in a muffle furnace 

at 550℃ to form ash. The ash obtained was digested in 

concentrated HNO3 to form a clear solution, which was then 

used for mineral analysis in a flame photometer [18]. 

 Starch 

The starch concentration in starch solutions of the 

millet flour samples was estimated using Anthrone‟s reagent 

[19]. Starch solutions were prepared by precipitating starch 

from the flour samples (0.1g-0.5g) using hot 80% ethanol, 

and extracted from the resulting residue using 52% 

Perchloric acid. The concentration of starch in the solution 

obtained was determined colorimetrically with Anthrone‟s 

reagent. The final starch concentration was calculated on the 

basis of a standard graph of glucose concentration values at 

630 nm using a UV spectrophotometer (UV-Vis-NIR 

Spectrophotometer, UV-3600 Plus – Shimadzu).  

 Moisture 

Moisture content was determined using a hot-air 

oven (AOAC method 935.29) [20]. For this analysis, millet 

grains were dried to a constant weight at 105°C in a hot-air 

oven for ~8 hours and then ground to a fine powder, before 

passing it through a 0.3 mm sieve [15]. The flour samples 

(3g) were placed in crucibles and weighed before drying for 

24 hours. in a hot-air oven at 105°C. The crucibles were also 

weighed before addition of the flour samples.   

 

III. RESULTS& DISCUSSION 

 

A proximate analysis of the grain samples of three 

different millet species, Barnyard millet (Echinochloa 

frumentacea), Finger millet (Eleusine coracana) and Foxtail 

millet (Setaria italica), grown at cold semi-arid regions of 

the Himalayas in Uttarakhand, was carried out using 

biochemical assays to determine any differences in grain 

composition due to growth at cold temperatures. The three 

millet species were compared between two semi-arid 

regions of varying cold temperatures in the state of 

Uttarakhand. Dehradun which has a temperature of 15℃-

17℃ during the Kharif growing season, and Pithoragarh, 

which has a temperature of 25℃-27℃, were selected for  
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comparative analysis. Macronutrients such as starch and 

protein, and micronutrients such as fat, sodium, potassium 

and total dietary fibre were determined in populations of all 

three millet species grown at Dehradun and Pithoragarh.   

The proximate analyses exhibit an increase in 

average protein content and average fat content for the 

Barnyard millet species only. The other two millet species, 

Foxtail millet and Finger millet, exhibited negligible 

difference in proximate composition when grown at the 

higher altitude, cold semi-arid region of Pithoragarh (15-

17℃). Nonetheless, Foxtail millet exhibited marginal 

increase in sodium and potassium. In contrast, the 

percentage of Total dietary fiber was found to decrease in all 

three species with growth at Pithoragarh. Detailed 

observations of the analytical assays are described below, 

and a summary of the proximate composition given in table 

1. Grains from the same seed stock were used for growth in 

both regions. All biochemical analyses, as well as ash and 

moisture content were determined using AOAC 

(Association of Official Analytical Chemists) methods as 

previously carried out on millets [18,11].  

 

A. Protein Content   

Proteins constitute the second most abundant 

macronutrient in millet grains after starch [21]. The minor 

millets are known to contain 19-33% less protein than the 

major millets [22]. Protein content also varies with 

external factors such as environmental and agronomic 

conditions, which include water availability and soil 

temperature [23]. In this study, soil temperature is 

particularly important as comparisons have been drawn 

between two cold semi-arid regions exhibiting temperature 

differences of approximately 12-15℃.  

Here, the average protein content estimated by the 

Kjeldahl digestion and distillation procedure, recorded a 

30.75 percent increase in Barnyard millet grains grown at 

15-17℃ in Pithoragarh (1514 Meters Above Sea Level 

(masl.) in Uttarakhand East), as compared to the same 

variety and stock of Barnyard millet grains grown at 

Dehradun, 640 masl., which is approximately 10℃ 

warmer (25-27℃) (Fig.1). When compared to previous 

studies reporting protein content from further warmer 

regions (lower altitude) of semi-arid climate [24], the 

growth at Dehradun in this study shows a 11.16 % 

increase, whereas the growth at Pithoragarh displays a 

38.48% increase in protein content. 

This data indicates that the exposure to cold 

temperatures during growth of millets may have a role to 

play in exhibiting higher protein content, and thus 

regulating the final proximate composition of the Barnyard 

millet grains in this study. Differences in weather 

conditions, especially, the influence of temperature have 

been known to play important roles in regulating grain 

protein concentration. For example, in wheat, variations in 

weather conditions during field growth have been known 

to induce differences in the protein concentration of grains 

of the same genotype [25]. Here, response to temperature 

was considered as one of the factors that regulated the 

concentration of protein. In another study, low temperature 

was found to induce accumulation of protein in root 

meristems and calluses of Winter wheat[26]. 

The two other millet species in this study, Foxtail 

millet and Finger millet exhibited marginal differences in 

average protein content (Fig. 1) due to growth at 

Pithoragarh (17℃, 1514 masl.) when compared to growth 

at Dehradun (25-27 ℃, 640 masl.). Comparative data on 

millets from warmer regions (lower altitude), depict 

protein content in Finger millets to range from 5.6% to 

11.8% [27,28], and that in Foxtail millet to be 12.2% [8], 

as evident in the data depicted in this study, where Finger 

millet protein content ranged from 6.57% (Dehradun) to 

7.30% (Pithoragarh), whereas, the Foxtail millet protein 

content ranged from 11.97% (Dehradun)  to 13.40% 

(Pithoragarh).    

 
Fig.1. Protein content (%) of three minor millet species 

grown in Dehradun (DEH) and Pithoragarh (PITH) 

(cold semi-arid regions of Uttarakhand) determined by 

Kjeldahl Digestion and Distillation. The graph 

represents Mean±SE of triplicates. *Significantly 

different (p<0.05).   

 

B. Fat Content  

Fat content was determined by the Soxhlet 

Extraction procedure and the percentage of fat calculated 

by the formulae: 

% Fat = (% Fat + % Moisture) – (% Moisture) 

 (% Fat + % Moisture) 

= [(Initial wt of sample+thimble+glasswool)– (Finalwt of 

sample+thimble+glasswool)] x100 

 

[(Wt of wet sample + thimble) – (Wt of thimble)] 

 

 % Moisture 

= [(Wt of wet sample + pan)– (Wt of dried sample + pan)]x 

100 

 

     [(Wt of wet sample + pan) – (Wt of pan)] 

 

The fat content of Barnyard millet grains in 

previous studies has been found to range from 3.6% to 

3.8% [8,24]. In this study, the average fat content of 

Barnyard millet grains grown in Dehradun (640 masl.) was 

found to be 2.97%, but a 42.66 percent increase in fat 

content compared to Dehradun, was recorded in Barnyard 

millet grains grown at Pithoragarh (1514 masl.), which 

exhibited an average fat content of 5.18% (Fig.2).  
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Pithoragarh exhibits a temperature of ~17℃ during the 

Kharif season, as compared to Dehradun (25-27℃). This 

data shows that fat content, similar to protein content, 

followed an increasing trend when grains were exposed to 

cold temperatures during growth. The two other species, 

Finger millet and Foxtail millet, did not exhibit significant 

differences in average fat content when grown at Dehradun 

(640 masl.) compared to Pithoragarh (1514 masl.). The 

Finger millet and Foxtail millet populations in this study 

also exhibited fat content similar to comparative data from 

literature [8,24].      

 
Fig.2. Fat content (%) of three minor millet species 

grown in Dehradun (DEH) and Pithoragarh (PITH) 

(cold semi-arid regions of Uttarakhand). The percentage 

of fat obtained by Soxhlet extraction of millet grains is 

represented as Mean±SE of triplicates. *Significantly 

different (p<0.05).  

 

Table 1. Proximate Composition of Millet Species Grown 

at Cold Semi-Arid Regions. 

 
 

C. Total Dietary Fibre Content 

The Total Dietary Fiber (TDF) content of millets in 

this study was determined without decortication (removal 

of pericarp) of grains, as the components which make up 

dietary fibre are mainly concentrated in the pericarp and 

the cell wall of the endosperm, giving it anti-oxidant 

properties [23].  

Contrasting environments can affect the final 

composition of grains, including the dietary fiber 

concentration [29]. In this study, the millets grown at the 

colder semi-arid region of Pithoragarh (15-17℃) exhibited 

decreased TDF content as compared to growth in the 

Dehradun region (25-27℃) (Fig.3). In the Barnyard millet 

species, a 36.71% decrease in total dietary fiber content 

was recorded when grown at Pithoragarh compared to 

Dehradun. Similarly, the Finger millet species exhibited a 

19.25% decrease in total dietary fibre content when grown 

at the comparatively colder region of Pithoragarh (15-

17℃). The difference between the total dietary fibre 

content of Foxtail millet when grown at Dehradun 

compared to Pithoragarh was negligible (5.3% decrease in 

Dehradun). The TDF contents of the millet grains in this 

study fall close to or within the range of the TDF content 

reported in literature [23,24].    

 
Fig.3. Total Dietary Fiber (TDF %) present in three 

minor millet species from cold semi-arid regions of 

Dehradun (DEH) and Pithoragarh (PITH). A. 

Percentage of TDF was determined through an 

enzymatic assay (Sigma- TDF-100A 1KT). The graph 

represents Mean±SE of triplicates. 

 

D. Sodium and Potassium Content 

The sodium (Na
2+

) and potassium (K
+
) levels present 

within the grains of the three millet species were analysed 

using a flame photometer. In the Foxtail millet species 

grown at Pithoragarh (15-17℃), the level of sodium in the 

grains showed a 24.56% increase compared to growth at 

Dehradun (25-27℃) (Fig.4a). Similar to sodium, the level 

of potassium in these Foxtail millet grains grown at 

Pithoragarh (15-17℃), also displayed a 24.13% increase 

(Fig.4b). The Finger millet species did not display 

significant differences in sodium and potassium levels with 

growth in the colder region of Pithoragarh. However, there 

was a small increase in the level of sodium (9.5%) and 

potassium (11.11%) found in Barnyard millet grains grown 

at Pithoragarh (15-17℃), compared to the Barnyard millet 

grown at Dehradun (25-27℃). The sodium and potassium 

levels of the millet grains in this study were found to be 

similar to the sodium and potassium content reported 

earlier in literature [4].    
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Fig 4. Sodium (a) and potassium (b) contents (g/100g) 

of three different millet species grown in the cold semi-

arid regions of Uttarakhand (Dehradun-DEH and 

Pithoragarh-PITH). The graph represents Mean±SE of 

triplicates.  

 

E. Starch and Moisture Content  

A comparative analysis of starch concentration in 

starch solutions of millet flour from all three millet species 

was carried out using Anthrone‟s reagent (Fig.5a). There 

was negligible difference in the starch concentration of 

millets from Pithoragarh (15-17℃) compared to Dehradun 

(25-27℃).  

Experiments involving the determination of 

moisture content revealed no significant differences 

between populations of the three millet species grown at 

Pithoragarh (15-17℃) compared to Dehradun (25-27℃) 

(Fig. 5b). The starch and moisture contents of the three 

millet species used in this study are consistent with 

previously reported data from warm semi-arid regions 

[8,24]. 

 

 

Fig.5. Comparative starch concentration (mg/ml) and 

moisture content (%) of three minor millet species 

grown in the cold-semi-arid regions of Uttarakhand 

(Dehradun-DEH and Pithoragarh-PITH). a. Starch 

concentration (mg/ml) of cold semi-arid region millets, 

determined using Anthrone’s Reagent. b. Moisture (%) 

in three different millet species from Dehradun (DEH) 

and Pithoragarh (PITH). The graphs are representative 

of values derived as Mean±SE of triplicates.  

 

III. CONCLUSION & FUTURE SCOPE 

  

This study depicts the importance of nutritional 

research on minor millets, especially from regions that are 

geographically isolated and withstand extremes of 

temperature during growth. Here, the minor species, 

Barnyard millet, exhibited substantial increase in protein 

and fat contents when grown at 1514 masl. with cold 

temperatures of 15-17℃, as opposed to growth at 640 masl. 

with a temperature of 25-27℃. Foxtail millet displayed 

higher sodium and potassium levels, and there was found to 

be a decrease in the Total Dietary Fiber (TDF) content with 

decrease in growth temperature for all three millet species 

analysed.  

These results illustrate the existence of millet 

cultivars in these geographically and environmentally 

isolated regions, which may have increased or decreased 

levels of grain components due to differences in growth 

conditions, such as very low temperatures, as shown in this 

study. Although, continuous accessibility to such 

geographical regions is a limitation, further studies 

exploring the proximate composition of minor millets 

growing in such regions of extreme temperatures would 

reveal the ideal conditions of growth for maximum 

nutritional benefit. This may lead to finding new 

germplasm, and would improve the living standard of the 

rural population in these regions.  
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