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 ABSTRACT 

Millets are recognized as miracle cereals due to their vital role in human physiology, 

providing essential nutrients and supporting planetary health. The present study aimed to 

select minor millets, conduct physicochemical analysis, and develop a millet malt-based 

functional food. Considering availability, underutilization, local food security, and limited 

economic activity, Kodo millet (Strain No. RK 390-25, Paspalum scrobiculatum) was 

chosen. The grains were subjected to soaking, germination, and drying, followed by 

powder preparation. Physical evaluation included colour, thousand kernel weight, true 

density, bulk density, and porosity. Proximate analysis determined moisture, ash, crude 

fiber, protein, carbohydrate, calcium, and fat. Anti-nutritional factors (tannin, saponin, 

oxalate), hydrolytic enzymes (amylase, protease, L-asparaginase, L-glutaminase), and 

antioxidants (flavonoids, total phenols) were also assessed. For product formulation, 

Kodo millet malt was combined with wheat, Bengal gram, jaggery, cardamom, diamond 

sugar, dry ginger, and dry coconut. Seven trials were prepared with varying ratios of Kodo 

millet malt and wheat–Bengal gram mix, supplemented by minor ingredients. Sensory 

evaluation using the hedonic scale revealed that germinated sun-dried Kodo millet 

powder (RK 390-25) showed improved nutritional outcomes, including reduced 

carbohydrate, increased protein, and enhanced mineral bioavailability. Among the 

formulations, the 40:60 millet-to-mix ratio was found dry and bland, while four other 

trials demonstrated favorable sensory attributes. Physical characterization of millets is 

crucial for agricultural practices, food processing, storage, and product development, as 

parameters like seed size, density, and moisture influence machinery design and grain 

quality. The study highlights the nutritional potential of minor millets, their role in value- 

added food products, and their capacity to replace junk foods with nutrient-rich, 

economical alternatives. Promoting millet-based formulations can enhance consumer 

awareness, support local food security, and contribute to healthier lifestyles. 

 

INTRODUCTION 

 

Millets, often referred to as miracle crops, smart foods, and nutri-cereals, are resilient C4 

plants with high efficiency in absorbing and utilizing carbon dioxide. They thrive in regions 

with low rainfall and minimal or no fertilizer input, making them ecologically sustainable 

crops. Nutritionally, millets provide most of the essential nutrients required for the normal 

functioning of the human body. Based on cultivation area and grain size, they are broadly 

classified into major and minor millets. 
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Evidence suggests that millet-based foods and beverages exert functional and health- 

promoting effects, including anti-diabetic, anti-obesity, and cardioprotective properties, while 

also supporting immune system function [10. Among minor millets, little millet is recognized 

as a rich source of vitamin B and minerals such as calcium, iron, zinc, and potassium, in 

addition to supplying essential dietary fats [2]. Kodo millet, in particular, is valued for its role 

in weight management, ease of digestibility, and abundance of phytochemicals and 

antioxidants that contribute to the prevention of lifestyle-related diseases. Furthermore, Kodo 

millet has been reported to alleviate joint and knee pain and aid in the regulation of 

menstruation in women [3]. 

 

Appropriate processing of millets is crucial to enhance nutrient bioavailability and reduce 

anti-nutritional factors inherent in the grains. In the present study, three minor millets were 

initially selected for evaluation. Based on physicochemical and nutritional results, Kodo 

millet malt powder was finalized for product formulation, highlighting its potential as a 

functional ingredient in the development of value-added foods. 

 

The consumption of Kodo millet has been linked to various health benefits, including the 

management of diabetes, cardiovascular diseases, and obesity. Its high antioxidant content 

helps in reducing oxidative stress and inflammation [4]. Kodo millet is gluten-free, making it 

an excellent dietary option for individuals with gluten intolerance or celiac disease [5]. Kodo 

millet (Paspalum scrobiculatum) is known for its exceptional drought tolerance. It can thrive 

in arid and semi-arid regions, making it a valuable crop for areas with limited water resources 

[4]. The deep root system of Kodo millet helps in improving soil structure and fertility. It is 

often used in crop rotation systems to enhance soil health and reduce soil erosion [5]. Kodo 

millet is rich in various phytochemicals, including phenolic acids, flavonoids, and tannins. 

These compounds contribute to its high antioxidant activity, which can help in reducing 

oxidative stress and inflammation. The antioxidant properties of Kodo millet are attributed to 

its high content of polyphenols and flavonoids. These antioxidants play a crucial role in 

neutralizing free radicals and protecting cells from damage [6]. 

 

This research aims to assess the nutritional and economic viability of millet malt-based 

formulations using selected strain of minor millets as Kodo millet (Paspalum scrobiculatum 

- RK 390-25). The study seeks to develop value-added functional food products from these 

underutilized cereals with the potential to replace nutrient-deficient junk foods in modern 

diets. By optimizing formulation parameters and evaluating the nutritional profile, the work 

contributes to promoting millet-based innovations that align with sustainable health and 

wellness. 

 

MATERIALS AND METHODS 

 

Sample Collection 

For the current study, among distinct millet samples, selected Kodo millet due to rich 

nutritional potential and agronomic viability. Kodo millet (Paspalum scrobiculatum), Variety 

RK 390-25, was collected and utilized for further analysis. 

Physical Evaluation of the Samples  

Colour and Shape 

The colour and shape of the selected millet samples were observed from their physical and 

visual appearance. 
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Thousand Kernel Weight 

Thousand kernels weight was determined by weight of randomly selected 100 kernels by 

means of electronic/analytical balance (precision of 0.001 g) and multiplying their weight 

by 10. 

 

True Density 

The true density was measured by toluene displacement method. One thousand grains of 

millet samples were weighed and put in graduated cylinder containing known amount of 

toluene. Rise in toluene level was noted and true density was reported by using the formula 

 

𝑇𝑟𝑢𝑒 𝑑𝑒𝑠𝑛𝑠𝑖𝑡𝑦 (𝑔/𝑚𝑙) = 𝑊 (𝑔) / 𝑉 (𝑚𝑙) 
Where ‘W’ is weight of one thousand grains and ‘V’ is rise in toluene level after the 

addition of the grains. 

 

Bulk Density 

The millet samples were filled in measuring cylinders up to certain level from the constant 

height followed by weighing. The bulk density was determined by using the formula 

 

𝐵𝑢𝑙𝑘 𝑑𝑒𝑠𝑖𝑡𝑦 (𝑔/𝑚𝑙) = 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑔)/ 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙) 

Porosity 

Porosity was analyzed by using the relationship of bulk density and true density as follows. 

 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 = 1 − (𝑡𝑟𝑢𝑒𝑑𝑒𝑛𝑠𝑖𝑡𝑦 − 𝑏𝑢𝑙𝑘𝑑𝑒𝑛𝑠𝑖𝑡𝑦) /𝐵𝑢𝑙𝑘𝑑𝑒𝑛𝑠𝑖𝑡𝑦 × 100 

 

Chemical Analysis of Samples  

 

Moisture (%) 

Moisture content (%) was determined using the Hot Air Oven Method, following the 

standardized procedure outlined by the Association of Official Analytical Chemists [7]. 

This gravimetric technique involves measuring the mass of a food or grain sample before 

and after drying in a controlled-temperature oven. The sample is placed in a pre-weighed 

moisture dish and heated at 130 ± 1°C for 1 hour in a forced-air oven, ensuring uniform 

evaporation of water without decomposition of other volatile constituents. After drying, 

the sample is cooled in a desiccator to prevent moisture reabsorption and then reweighed. 

The moisture content is calculated as the percentage loss in weight, representing the 

amount of water originally present in the sample. This method is widely accepted for 

cereals, flours, and other food products due to its reliability and reproducibility, and 

corresponds to AOAC Official Method 925.10 [7]. 

 
Ash (%) Content Determination by Muffle Furnace Method 

The ash content of powdered millet samples was determined using the dry ashing technique 

in a muffle furnace, following the protocol described by Pande et al. [8]. Approximately 2 

grams of the powdered sample were placed in a pre-weighed silica crucible and incinerated 

at 500°C for 5 hours. After complete combustion, the crucible was allowed to cool in a 

desiccator and then reweighed. The resulting ash was white in color, indicating the absence 

of residual carbon, and confirming complete oxidation of organic matter. This method 

provides a reliable estimate of the total mineral content and is commonly employed in the 

standardization of plant-based food products. 
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Crude Fiber Determination (%) 

Crude fiber content was estimated following the protocol outlined in Biochemical Methods 
by Sadasivam and Manickam [9]. The method involves subjecting the defatted millet   
sample to sequential acid and alkali digestion to remove soluble materials, leaving behind 

indigestible fibrous components such as cellulose and lignin. The residue is then filtered, 
dried, weighed, and incinerated in a muffle furnace to eliminate any remaining organic 
matter. The crude fiber percentage is calculated based on the weight difference before 

and after ashing, providing a reliable measure of the structural carbohydrate content in 
the sample. 

 

Mineral Analysis by Atomic Absorption Spectrophotometry 

The concentrations of essential minerals like Zinc (Zn), Iron (Fe), Manganese (Mn), and 

Calcium (Ca) were quantitatively determined using Atomic Absorption Spectrophotometry 

(AAS). This technique involves aspirating the digested sample into a flame or graphite 

furnace, where the target metal atoms absorb ultraviolet light at element-specific 

wavelengths. The absorbance is directly proportional to the concentration of the element 

in the sample, as governed by the Beer-Lambert law. For accurate detection, air-acetylene 

flame was employed for Zn, Fe, and Mn, while lanthanum nitrate was added as a releasing 

agent for Ca to prevent interference. Calibration curves were constructed using standard 

solutions, and absorbance values were measured at wavelengths of 213.9 nm (Zn), 248.3 

nm (Fe), 279.5 nm (Mn), and 422.7 nm (Ca). This method ensures high sensitivity and 

specificity for trace mineral quantification in food matrices [10, 11]. 

 

Biochemical Analysis of Samples 

  

Protein Estimation by Lowry’s Method 

Protein content was estimated using the Lowry method, as described by Sadasivam and 
Manickam [9]. This colorimetric assay is based on two sequential reactions: 

• Biuret Reaction: Proteins react with copper ions in an alkaline medium, forming a 

cuprous complex. 

• Folin-Ciocalteu Reaction: The cuprous ions, along with aromatic amino acids 

(tyrosine and tryptophan), reduce the phosphomolybdic-phosphotungstic 

components of the Folin-Ciocalteu reagent, producing a blue-purple chromophore. 

The intensity of the color, measured spectrophotometrically at 660 nm, is directly 

proportional to the protein concentration. A standard curve is constructed using bovine 

serum albumin (BSA), and unknown sample concentrations are interpolated accordingly. 

This method is highly sensitive and suitable for detecting microgram quantities of protein 

in plant and food matrices. 

 

Carbohydrate Estimation by Anthrone Method 

Total carbohydrate content was determined using the Anthrone method, as described by 

Sadasivam and Manickam [9]. This colorimetric assay involves the acid hydrolysis of 

polysaccharides into monosaccharides, followed by dehydration to form furfural 

derivatives. These intermediates react with Anthrone reagent in a strongly acidic medium 

to produce a blue-green chromogen, which is measured spectrophotometrically at 620 nm. 

The procedure includes: 

• Hydrolyzing the sample with 2.5 N hydrochloric acid in a boiling water bath for 3 

hours. 
• Neutralizing with solid sodium carbonate and centrifuging to collect the supernatant. 

• Reacting aliquots of the supernatant with freshly prepared Anthrone reagent (200 mg 

Anthrone in 100 mL concentrated H₂SO₄). 
• Heating the mixture in a boiling water bath for 10 minutes and cooling rapidly. 
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• Measuring absorbance at 620 nm and calculating carbohydrate concentration using 
a standard glucose curve. 

 

Fat Estimation by Soxhlet Extraction Method 

Crude fat content was determined using the Soxhlet extraction technique, as described by 

Sadasivam and Manickam [9]. This method involves the continuous extraction of lipids 

from a dried and finely ground sample using an organic solvent typically petroleum ether 

or diethyl ether in a Soxhlet apparatus. 
The procedure includes: 

• Drying the sample thoroughly to eliminate moisture, which can interfere with solvent 

efficiency. 
• Weighing a known quantity of the sample and placing it in a cellulose thimble. 

• Extracting the sample with solvent for 6–8 hours or until the solvent runs clear, 
indicating complete lipid removal. 

• Evaporating the solvent from the flask and drying the residue in an oven at 105 ± 1°C 

to constant weight. 

• Calculating the fat content based on the weight difference of the flask before and 
after extraction. 

 

RESULTS 

Physical Characteristics of Selected Millet Varieties 

This table presents comparative data on the physical attributes of Kodo millet strain (RK 

390-25) which are relevant to food processing, storage, and formulation stability. 

This study exhibits experimental evaluation of the physical characteristics of Kodo millet 

(Paspalum scrobiculatum, RK 390-25) to understand their suitability for developing millet 

malt-based nutri-products. The grains exhibited distinct morphological and density-related 

attributes that have direct implications for processing performance and nutritional quality. 

Kodo millet, with its blackish brown coloration and higher thousand kernel weight (5.259 

g), signifies larger grain size and higher endosperm volume, potentially contributing to 

superior starch yield and malt extractability. Its elevated porosity (52.34%) further suggests 

enhanced water absorption during malting, favoring enzymatic breakdown and bioactive 

release. 

Table 1: Results of Physical Evaluation 

 

Name of 

Millet 

Colour 

and Shape 

Thousand 

kernel 

weight 

(g) 

Bulk 

Density 

(g/ml) 

True 

Density 

(g/ml) 

Porosity 

(%) 

Kodo 

Millet “RK 

390-25” 

Blackish 

brown to 

dark brown 

Elliptical to 

oval in 
shape 

5.259 0.712 1.052 52.34 

Note: All values mentioned in Table 1 are mean value of triplicate trial values. 

In these results, the physical profiling underscores the potential of these minor millet strains 

to serve as foundational ingredients in the formulation of nutrient-rich, economically viable 

malt-based products. Their morphological integrity, density balance, and hydration 

http://www.thebioscan.com/


21(1): 153-163, 2026 www.thebioscan.com 

Page | 158 

 

 

potential align well with the objectives of developing functional alternatives to 

conventional junk foods, supporting sustainable dietary interventions and improved public 

health outcomes. 

 

Nutritional Transformation Across Processing States 

This study evaluates the nutritional dynamics of Kodo millet (RK 390-25) under varying 

processing conditions: raw powder, germinated shadow dry, and germinated sun dry. The 

findings highlight significant changes in proximate composition that inform their 

functional and nutritional potential. 

 

Table 2: Proximate Composition of Selected Samples 

 

Parameters Physical Status of 

Millet 

Kodu Millet (Variety: “RK 390-25) 

 

Ash (%) 

Raw 
Powder 

1.5 

Germinated 

Shadow Dry 

2 

Germinated 
Sun Dry 

2.6 

 

Moisture (%) 

Raw 
powder 

10.3 

Germinated 
Shadow Dry 

9.5 

Germinated 
Sun Dry 

7.4 

 

Crude Fiber (%) 

Raw 
powder 

13.2 

Germinated 
Shadow Dry 

8.7 

Germinated 
Sun Dry 

16.9 

 

Carbohydrate (g) 

Raw 
powder 

52 

Germinated 
Shadow Dry 

50 

Germinated 
Sun Dry 

47 

 

Protein (g) 

Raw 
powder 

4.05 

Germinated 
Shadow Dry 

5.5 

Germinated 
Sun Dry 

6 

 

Fat (g) 

Raw powder 3.36 

Germinated Shadow Dry 1.12 
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 Germinated 
Sun Dry 

3.92 

 

Calcium (mg) 

Raw powder 500 

Germinated Shadow Dry 150 

Germinated Sun Dry 350 

 

 

 

Iron (mg) 

Raw powder 1.704 

Germinated Shadow Dry 8.591 

Germinated Sun Dry 8.526 

 

Zinc (mg) 

Raw powder 1.963 

Germinated Shadow Dry 2.109 

Germinated Sun Dry 2.014 

 

Manganese (mg) 

Raw powder Absent 

Germinated Shadow Dry Absent 

Germinated Sun Dry Absent 

Note: All values mentioned in Table 2 are mean value of triplicate trial values. 

 

Ash (%) 

Ash content reflects the total mineral composition of the millet. Raw powder showed 1.5%, 

which increased to 2% in germinated shadow-dried and 2.6% in germinated sun-dried samples. 

This rise indicates enhanced mineral concentration after germination and drying, likely due to 

reduction in carbohydrate fraction and improved bioavailability of minerals. 

Moisture (%) 

Moisture decreased from 10.3% in raw powder to 9.5% in shadow-dried and 7.4% in sun-dried 

germinated samples. Lower moisture in sun-dried millet enhances shelf life and storage 

stability, while germination slightly reduces water retention due to metabolic activity. 

Crude Fiber (%) 

Crude fiber was 13.2% in raw powder, reduced to 8.7% in shadow-dried germinated millet, but 

increased significantly to 16.9% in sun-dried germinated millet. Germination and sun drying 

promote structural changes in cell walls, enhancing fiber concentration, which is beneficial for 

digestive health. 
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Carbohydrate (g) 

Carbohydrate content declined from 52 g in raw powder to 50 g in shadow-dried and 47 g in 

sun-dried germinated samples. This reduction is attributed to enzymatic breakdown during 

germination, where carbohydrates are utilized for sprout growth, improving glycemic response. 

Protein (g) 

Protein increased from 4.05 g in raw powder to 5.5 g in shadow-dried and 6 g in sun-dried 

germinated millet. Germination activates proteolytic enzymes, enhancing protein synthesis and 

availability, making the millet more nutritionally valuable. 

Fat (g) 

Fat content was 3.36 g in raw powder, dropped to 1.12 g in shadow-dried germinated millet, 

but rose to 3.92 g in sun-dried germinated millet. The reduction in shadow drying may be due 

to lipid utilization during sprouting, while sun drying preserves or concentrates fats. 

Calcium (mg) 

Calcium was high in raw powder (500 mg), but decreased to 150 mg in shadow-dried and 350 

mg in sun-dried germinated millet. Loss during germination and drying may be due to leaching, 

though sun drying retains more calcium compared to shadow drying. 

Iron (mg) 

Iron content increased dramatically from 1.704 mg in raw powder to 8.591 mg in shadow-dried 

and 8.526 mg in sun-dried germinated millet. Germination enhances mineral bioavailability by 

reducing anti-nutritional factors like phytates, making iron more accessible. 

Zinc (mg) 

Zinc levels were 1.963 mg in raw powder, slightly increased to 2.109 mg in shadow-dried 

germinated millet, and remained stable at 2.014 mg in sun-dried millet. Germination improves 

zinc bioavailability, though changes are modest compared to iron. 

Manganese (mg) 

Manganese was absent in all samples, indicating negligible or undetectable levels in this millet 

variety. This suggests that kodo millet RK 390-25 is not a significant source of manganese. 

DISCUSSION 

The physical and nutritional evaluation of Kodo millet (Variety RK 390-25) highlights its 

strong potential for malt-based functional food development. The higher thousand kernel 

weight (5.259 g) indicates larger grain size and greater endosperm volume, which is 

advantageous for starch yield and extractability during malting, a trait similarly reported in 

pearl millet and finger millet [12]. Its elevated porosity (52.34%) enhances hydration capacity, 

thereby facilitating enzymatic hydrolysis and bioactive release, consistent with the findings of 

Thilagavathi et al. [13], who emphasized porosity as a key factor in malt conversion efficiency. 

Moisture content in raw powder was 10.3%, decreasing to 7.4% after germination and sun- 

drying, which improves storability and microbial stability, aligning with typical millet ranges 

[14, 15]. Ash content increased from 1.5% in raw powder to 2.6% in germinated sun-dried 

samples, reflecting enhanced mineral concentration, similar to observations in finger and proso 

millet [15, 16]. Protein levels rose from 4.05 g in raw powder to 6 g in germinated sun-dried 
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samples, demonstrating the positive impact of germination on proteolytic activity and nutrient 

bioavailability, comparable to protein improvements reported in foxtail and barnyard millet 

[16, 17]. Fat content showed variability, decreasing to 1.12 g in shadow-dried samples but 

increasing to 3.92 g in sun-dried millet, reflecting lipid utilization during sprouting and 

concentration during dehydration. Crude fiber content was notably enhanced in germinated 

sun-dried samples (16.9%), supporting digestive health and glycemic control, in line with fiber- 

rich profiles of browntop millet [18). Mineral dynamics revealed high calcium in raw powder 

(500 mg/100 g), which decreased after germination, likely due to leaching, though sun-drying 

retained moderate levels (350 mg/100 g), consistent with calcium behavior in finger millet [18]. 

Iron content increased markedly from 1.704 mg in raw powder to 8.526 mg in germinated sun- 

dried samples, attributed to phytate degradation and enzymatic activation, corroborating earlier 

findings on improved iron bioavailability through germination [19, 20]. Zinc remained 

relatively stable (1.963–2.014 mg), reflecting its resilience during processing, as reported in 

finger and foxtail millet [21]. Manganese was undetectable, suggesting strain-specific mineral 

limitations. Overall, the results confirm that germination and sun-drying significantly enhance 

protein and iron bioavailability in Kodo millet, while maintaining stable zinc and moderate 

calcium retention. These findings validate Kodo millet’s suitability for nutritionally enriched 

malt-based formulations, offering a sustainable alternative to ultra-processed foods and 

contributing to improved micronutrient intake, bone health, and immune support. 

CONCLUSION 

This study establishes the nutritional and functional significance of Kodo millet (RK 390-25) 

in developing malt-based nutri products. Germination and sun-drying enhanced its nutritional 

profile by reducing carbohydrate content, increasing protein levels, and improving mineral 

bioavailability, particularly calcium and iron. Anti-nutritional factors such as tannins, saponins, 

and oxalates were markedly reduced, while hydrolytic enzymes and antioxidants were 

activated, underscoring its therapeutic potential. Sensory evaluation of formulated products 

demonstrated consumer acceptability, validating Kodo millet’s suitability for health-oriented 

food innovations. Overall, the findings highlight Kodo millet as a promising underutilized grain 

for functional food development, offering a nutrient-rich alternative to processed foods and 

contributing to sustainable dietary practices and public health improvement. 
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