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STRUCTURAL AND CHEMICAL PROPERTIES OF MINOR MILLETS: LITTLE MILLET (PANICUM SUMATRENSE) AND BARNYARD MILLET (ECHINOCHLOA FRUMENTACEA)


Abstract
Millets are often referred to as a "poor man's crop" due to their affordability and resilience. These small, nutrient-dense grains are classified into major and minor millets. This study aims on the dimensional, structural, and chemical characteristics of two minor millets: barnyard millet and little millet. The grain dimensions of barnyard millet and little millet ranged from 1.356 ± 0.023 to 1.161 ± 0.003 mm, 1.660 ± 0.233 to 1.812 ± 0.011 mm, and 3.016 ± 0.007 to 3.246 ± 0.012 mm. The arithmetic diameters (mm) and thousand kernel weight (g) ranged from 2.275 ± 0.025 to 2.263 ± 0.320 mm and 3.146 ± 0.052 to 3.072 ± 0.011g for barnyard and little millet respectively. The density (g/ml) and bulk density (Kg/m3) of both these grains were found to be 0.729 ± 0.008 and 0.763 ± 0.016, 950.8 ± 12.297 and 969.4 ± 6.235.  The true density of barnyard millet was 1631.5 ± 59.755 compared to little millet 1309.333 ± 102.768 kg/m3. Additionally, barnyard millet showed a higher porosity % 16.048 and a lower sphericity % 4.246. The moisture content was 12.360 ± 0.060 % in barnyard millet and 11.147 ± 0.08 3% in little millet. Protein and fat contents ranged between 10.283 ± 0.329 % and 8.967 ± 0.042 %, and 4.087 ± 0.070 % and 3.140 ± 0.066 %, respectively, for little millet and barnyard millet. Ash content was higher in barnyard millet (4.183 ± 0.040%) than in little millet (1.140 ± 0.080 %). The carbohydrate content was 73.343 ± 0.264 % in little millet and 71.350 ± 0.078% in barnyard millet. These findings provide valuable insights into the physical and chemical properties of these minor millets, highlighting their potential as nutritious food sources.
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1. Introduction:
Cereal grains are an important source of dietary nutrients globally, and plant nutrients are used extensively in the food business (Amadou et al., 2011; Izadi et al., 2012). Aside from the staples of maize, rice, and wheat, millets are another type of cereal. Millions of people rely on millets as a primary source of nutrition, particularly those who reside in hot, arid regions of the world. They are primarily planted in agriculturally marginalized areas where major grains do not produce significant yields (Adekunle, 2012). "Millet" comes from the Latin word "Milum," which means grain (Tripathi & Vyas, 2023). Millets are a substantial food source in many underdeveloped nations because of their capacity to grow despite severe climatic conditions like limited rainfall. On the other hand, millions of people in Asia and Africa rely mostly on millet for their protein and energy needs. Numerous nutritional and therapeutic benefits of millet have been documented (Obilana and Manyasa, 2002; Yang et al., 2012). Millets are distinct from other cereals due to their high protein, dietary fibre, calcium, and polyphenol content (Devi et al., 2014).  In terms of global agricultural production, millets ranks as the sixth cereal crop. Millets include Korra (foxtail millet), Ragi (finger millet), Sama (little millet), Jowar (sorghum), and Variga (proso millet). Ragi has the least amount of fat, whereas Bajra and Sama have the most. In rural regions, millets are commonly used as food. When compared to the nutritional content of commonly used rice and wheat, the nutritional content of all the millets is three to five times higher. While rice and wheat offer food security, millets offer a variety of other security benefits, such as livelihood, food, health, nutrition, and animal feed, making them a source of agricultural security. Millets have health and nutritional advantages, and they can help manage conditions including diabetes mellitus, hyperlipidemia, and more (Veena, 2003). 
Notwithstanding its diminutive size, little millet has a significant nutritional content. Among other minerals, it is a good source of calcium, iron, zinc, potassium, and B vitamins. Additionally, it gives the body the kind of fats that are necessary for weight loss. Another benefit is its high fiber content, which makes it a perfect substitute for rice in pongal or even kheer (Reddy, 2017). With a low glycemic index of 64 and no gluten, Panicum Sumatrense, one of the minor underused grains, is perfect for people of all ages (Anitha et al., 2021). Little millet is a cheap source of energy (341 kcal/100g), protein (7.7 g/100g), crude fiber (7.6 g/100g), and minerals (1.5 g/100g), with iron (9.30 mg/100g) being more abundant than uncooked rice (0.7 mg/100 mg), according to (Gopalan et al., 2010). Additional nutrients such as niacin, pantothenic acid, folic acid, calcium, iron, potassium, phosphorus, magnesium, and zinc are present in little millet in a fair proportion. The low glycaemic index of little millet is attributed to its high dietary fibre content, and a recent study on the grain revealed that it has a hypoglycemic impact as a result of its greater dietary fibre content. A minor cereal, little millet (Panicum sumatrense) is known for a number of health advantages since it contains bioactive nutraceuticals. It contained fibre, which helps to reduce body fat, and it is also an abundant source of phosphorus. The samai's low calorie and antioxidant content aids in maintaining a healthy weight and diet, which can aid in weight loss (Indirani et al., 2021).
One of the most important minor millet crops in Asia is barnyard millet (Echinochloa spp.) (Renganathan et al., 2020). The grain has a glycemic index between 50 - 65, even though it is gluten-free (Agrawal et al., 2023). Echinochloa esculenta, a Japanese-based barnyard millet, and Echinochloa frumentacea, an Indian-based barnyard millet, are the two most widely grown and well-liked species among the many different wild and cultivated species of Echinochloa. Depending on the cultivar, growing environment, and processing techniques, barnyard millet's precise nutritional makeup can change. All things considered, however, barnyard millet is regarded as a very nutrient-dense cereal grain with a balanced nutritional profile. Barnyard millet has a higher nutritional value than major and minor millets. Dietary fibre, iron, zinc, calcium, protein, magnesium, fat, vitamins, and some important amino acids are all abundant in barnyard millet grains (Singh et al., 2010; Saleh et al., 2013; Chandel et al., 2014). By improving blood lipid profiles, lowering cholesterol levels, and reducing oxidative stress, barnyard millet's dietary fiber, plant-based proteins, and antioxidants may help lessen the risk of cardiovascular illnesses (Chandrasekara & Shahidi, 2011; Pathak et al., 2019).
Cereal grains' physical parameters include moisture content, 1000 sample weight, bulk density, actual density, porosity, aspect ratio, sample volume, surface area, and perpendicular dimensions (Vanrnamkhasti et al., 2008). Studies has compared the physical properties of cereal grains like wheat, rough rice, and maize to millets like finger millet, foxtail millet, little millet, kodo millet, common millet, and barnyard millet (Sangamithra et al., 2016; Vanrnamkhasti et al., 2008; Balasubramanian & Viswanathan, 2010). Research has been undertaken on legumes including cowpea seeds, soybeans, and bambara groundnuts (Bhattacharya & Malleshi, 2012; Jideani et al., 1996).  Limited research has been conducted on little and barnyard millet's physical qualities in Asian nations, including India. Understanding the physical and functional features will help create innovative products (Faleye, Atere, Oladipo, & Agaja, 2013). The large-scale production and commercial exploitation of crops necessitates studying their physical and mechanical properties, which are crucial for designing equipment for handling, cleaning, storage, and processing (Reddy et al., 2019). Cereal grains' functional qualities represent the interplay between their structure, molecular components, composition, and physicochemical properties with dietary components. Food's functional qualities include its physical, chemical, and organoleptic properties. Food's functional qualities include viscosity, foaming capacity, water absorption, dispersibility, bulk density, oil absorption, and swelling capacity (Kumari & Raghuvanshi, 2015). Researchers have focused on the structural and chemical properties of major species of millets leaving the significant knowledge gap concerning the structural and chemical properties of minor millet. Therefore, this study aimed to assess the grains structural and chemical properties of little millet and barnyard millet.
2. Materials and Method:
2.1 Materials
Little millet and barnyard millet were purchased from the Subhash Ganj market of Jhansi, Uttar Pradesh, India. Digital vernier calliper of brand tHemiSto, model name TH-M61 of resolution 0.01mm, range 0-150mm, accuracy .01mm was purchased from Flipkart, an E-commerce shopping platform. Weighing balance, measuring cylinder 100 mL and 500 mL were issued from the Institute of Food Technology, Bundelkhand University, Kanpur Road, Jhansi (U.P.) India. 
2.2 Methods 
2.2.1 Determination of dimensional and structural properties
The dimensional and structural properties of little millet and barnyard millet used for the study were evaluated in terms of length, width, thickness, arithmetic mean diameter, geometric mean diameter, thousand kernel weight, thousand kernel volume, density, bulk density, true density, porosity, sphericity, aspect ratio, shape and colour.
i.  Length, width and thickness
The axial dimensions of little millet and barnyard millet that were chosen at random were measured for length (mm), width (mm), and thickness (mm) using a digital vernier calliper of brand tHemiSto, model name TH-M61 of resolution 0.01mm, range 0-150mm, accuracy .01mm  
ii. Arithmetic mean diameter
Arithmetic mean diameter was measured by the method outlined by (Mpotokwane et al., 2008). Ten typical grains were measured for length (the longest dimension, L), width (the second longest dimension, W), and thickness (the third longest dimension, T). The arithmetic mean diameter (AMD) was then computed as the equivalent diameter.
							(1)
iii. Geometric mean diameter
The Geometric mean diameter (GMD) was measured according to (Mpotokwane et al., 2008) and determined as the equivalent diameter. 
							(2)
iv. Thousand kernel weight and volume 
An analytical weighing balance was used to calculate the average weight of 1000 grains of little millet and barnyard millet. Random samples of 1000 grains were selected and their volume was measured in a graduated cylinder. 
v. Density 
The density (g/mL) of the grains was calculated by dividing the thousand kernel weight by volume.
vi. Bulk density 
Bulk density (Kg/m3) is defined as the ratio of sample mass to total volume (Vanrnamkhasti et al., 2008). The determination was made by filling a 500 ml cylinder with grains using the (Mariotti, Alamprese, Pagani, and Lucisano 2006) method. The bulk density (kg/m3) was estimated by dividing the sample weight by the cylinder volume.  
 									(3)
vii. True Density 
Using a top loading balance, the liquid displacement method is used to determine the true density (kg/m³). A hundred ml measuring cylinder was filled with fifty ml of water, and five grams of grains were immersed in it. Water displacement was measured (Karababa & Coᶊkuner, 2013).
 										(4)
Where: Pt = true density, V1 = initial volume and V2 = final Volume
viii. Porosity 
According to Sangamithra et al., (2016), porosity (%) is the percentage of bulk grain space that is not occupied by the grain; it was calculated from the true density and bulk density using the Vanrnamkhasti et al., (2008) technique.
 											(5)
Where: ε = porosity, Pt = true density and Pb = bulk density
ix. Sphericity 
Sphericity (%) was determined using the method of (Hamdani et al., 2014) and is defined as the ratio of the surface area of a sphere having the same volume as the grain to the surface area of the grain.
 										(6)
Where: Φ = Sphericity
x. Aspect Ratio 
Using the Vanrnamkhasti et al., (2008) method, the aspect ratio (%) was determined as follows:
  									(7)
xi. Shape and colour 
The shape and colour of little millet and barnyard millet were determined visually. 
2.2.2 Proximate composition
The proximate composition (moisture AOAC Method 930.15, 1990, protein AOAC Method 981.10, 1990, fat AOAC Method 920.39, 1990, and ash AOAC Method 923.03, 1995) of little millet and barnyard millet was determined as per the specifications given above. The carbohydrate content of the little millet and barnyard millet grains was determined by difference method AOAC (1995). Calories per gram of the macronutrient are expressed as average energy. Energy levels of 4 kcal per gram (kcal/g) (17 kJ/g) for protein, 4 kcal/g for carbohydrates, and 9 kcal/g (37 kJ/g) for fat are all included in the at water general factor system. It was calculated by multiplying the average values of macronutrients by 1 gram of Kcal values. 
2.2.3 Statistical analysis
The statistical analysis was performed using a one-way analysis of variance (ANOVA) with Tukey's comparison tests in Origin software (Northampton, Massachusetts, USA). A significance level of P < 0.05 was established to determine differences among the samples.
3. Result and Discussion 
3.1 Dimensional and structural properties
Dimensional and structural properties such as length, width, thickness, arithmetic mean diameter, geometric mean diameter, bulk density, true density, porosity, Sphericity, aspect ratio, thousand kernel weights, and others are crucial for processing and value addition. Designing handling, transportation, storage, and processing equipment requires a thorough understanding of the dimensional and structural properties of grains and seeds. In separation procedures using oscillating chafers and gravity tables, size, shape, and density are crucial. The bulk density and porosity are essential characteristics in the construction of aeration and drying systems because they influence the resistance to airflow through a stored mass (Mane et al., 2022). When it comes to cleaning, especially threshing processes, grain dimensions are crucial. Screens are required in these processes because they allow the passage of particular grain sizes and other undesirable elements (Brennan et al., 1981). Figure 1 depicts the grains of little Millet and barnyard millet.

Figure 1: Describing the structural properties and proximate analysis of grains 
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i. Length, width and thickness
The length (mm), width (mm) and thickness (mm) of the little millet and barnyard millet grains ranged between 3.016 ± 0.007 - 3.246 ± 0.012 mm, 1.660 ± 0.233 - 1.812 ± 0.011 mm, 1.356 ± 0.023 - 1.161 ± 0.003 mm. Similar findings of the dimensional attributes of the grains were reported by (Rao et al., 2020; Dhabale et al., 2024). 
 
ii. Arithmetic mean diameter 
The arithmetic mean diameter of the little millet and barnyard millet were calculated by the formula (L×W×T)/3. The arithmetic diameter of little millet and barnyard millet ranged between 2.263 ± 0.320mm and 2.275 ± 0.025 mm. 

iii. Geometric mean diameter
The information of the geometric mean diameter can be employed in the assessment of cylinder concave clearance of the threshing unit (thresher). It is also a crucial factor in determining the drag coefficient and terminal velocity (Mohsenin, 1986).  A slight difference in geometric mean diameter of little millet and barnyard millet was observed, 1.890 ± 0.089 mm and 1.897 ± 0.006 mm. Similar findings were reported by (Rao et al., 2020). Table 1 shows the dimensional properties of little millet and barnyard millet grains.

Table 1.  Dimensional properties of little millet and barnyard millet grains
	Dimensional Properties 
	Length (mm)
	Width (mm)
	Thickness (mm)
	Arithmetic Mean Diameter (mm)
	Geometric Mean Diameter (mm)

	Little Millet 
	3.016 ± 0.007a
	1.660 ± 0.233c
	1.356 ± 0.023e
	2.263 ± 0.320g
	1.890 ± 0.089i

	Barnyard Millet 
	3.246 ± 0.012b
	1.812 ± 0.011d
	1.161 ± 0.003f
	2.275 ± 0.025h
	1.897 ± 0.006j


Note: The letters in the same rows indicate the significant differences among the data (P<0.05).
iv. Thousand kernel weight and volume 
Thousand kernel weight (g) reading of the little millet and barnyard millet grains lies between 3.072 ± 0.011g and 3.146 ± 0.052 g similar to (Reddy et al., 2019; Biradar et al., 2020, and Revathi et al., 2016). The thousand kernel volume (mL)   was recorded for barnyard millet 4.120 ± 0.020 mL, whereas the maximum value was recorded for little millet 4.213 ± 0.042 mL. 

v. Density 
An understanding of the density of agricultural products is essential for the effective separation of these products from objectionable materials, thereby determining the design of the fan. It is also employed in assessing the purity of agricultural products (Rao et al., 2020).  The grain density (g/mL) of little millet and barnyard millet was recorded to be 0.729 ± 0.008 g/mL and 0.763 ± 0.016 g/mL. 
vi. Bulk Density 
Bulk density plays an important role in maintaining grain quality and test weight throughout drying, storage, and processing (Adebowale et al., 2012). Given the same size and form of the grains, the bulk density data will be useful for processing and storage, suggesting higher flour yield and good quality. These differences may be due to the structure, volume, and weight development of the cells in grains and seeds (Rajendran et al., 2023). Little millet was found to have a higher bulk density of 18.6 kg/m3 compared to barnyard millet. The bulk density of barnyard millet was 950.8 ± 12.297, while that of little millet was 969.4 ± 6.235 kg/m3.
vii. True Density 
The true density of barnyard millet and little millet were found to be 1631.5 ± 59.755 and 1309.333 ± 102.768 kg/m3, respectively which is higher than the values reported by (Rao et al., 2020). Barnyard millet grains were reported 322.167 kg/m3 higher in true density compared to little millet grains. 

viii. Porosity 
Little millet grains were found with a lesser porosity % of 16.048 % compared to barnyard millet grains and both were found to have porosity % of 25.639 ± 6.026 and 41.687 ± 1.41 respectively (Ghosh et al., 2023) reported similar results for the porosity percentage of little millet, and (Rao et al., 2020 and Rajendran et al., 2023) reported similar results for barnyard millet.
 
ix. Sphericity 
The sphericity % of barnyard millet and little millet ranged from 58.442 ± 0.103 % to 62.688 ± 2.853 %. The results of this study and those of (Rao et al., 2020) differed significantly in terms of sphericity percentage; this could be because the millet grains used in the two studies were might be of different variety, cultivars. 

x. Aspect Ratio 
With only little variations in decimal values, the aspect ratio percentage for little millet and barnyard millet were found to be 55.085 ± 7.688 % and 55.816 ± 0.255 %, respectively.

xi. Shape and Colour 
The barnyard millet was found to be dull cream in colour, while the little millet was found to be light brown. Both grains were seen to have an oval shape. Table 2 shows the structural properties of little millet and barnyard millet grains.
 Table 2.  Structural properties of little millet and barnyard millet grains
	Structural Properties 
	Thousand kernel weight (g)
	Thousand kernel volume (mL)
	Density (g/mL)
	Bulk Density (kg/m3)
	True Density (kg/m3)
	Porosity (%)
	Sphericity (%)
	Aspect ratio (%)
	Shape 
	Colour 

	Little Millet 
	3.072 ± 0.011a
	4.213 ± 0.042c
	0.729 ± 0.008e
	969.4 ± 6.235g
	1309.333 ± 102.768i
	25.639 ± 6.026k
	62.688 ± 2.853m
	55.085 ± 7.688o
	Oval 
	Light brown  

	Barnyard Millet 
	3.146 ± 0.052a
	4.120 ± 0.020d
	0.763 ± 0.016f
	950.8 ± 12.297h                            
	1631.5 ± 59.755j
	41.687 ± 1.411l
	58.442 ± 0.103n
	55.816 ± 0.255o
	Oval 
	Dull cream  


Note: The letters in the same rows indicate the significant differences among the data (P<0.05).
3.2 Proximate analysis
The moisture content of little millet (11.147 ± 0.083 %) was lower than that of barnyard millet (12.360 ± 0.060 %). The protein and fat content of little millet and barnyard millet grains were in the range of 10.283 ± 0.329 % - 8.967 ± 0.042 % and 4.087 ± 0.070 % - 3.140 ± 0.066 %. According to these results, it can be identified that little millet contains higher amount of protein and fat as compared to barnyard millet. The ash content of little millet was lesser in comparison as compared to barnyard millet and were 1.140 ± 0.080 % and 4.183 ± 0.040 % respectively. The carbohydrate values of little millet and barnyard millet were 73.343 ± 0.264 % and 71.350 ± 0.0078 %. With minor adjustments, comparable values published by (Nazni et al., 2016; Dhabale et al., 2024) in the current study. The results obtained for the little millet's proximate composition were found to be closely consistent with those published by (Biradar et al., 2020; Indirani, 2021). The details of the proximate composition of little millet and barnyard millet are represented in table 3. 
Table 3.  Proximate analysis of little Millet and barnyard Millet 
	Proximate analysis 
	Moisture %
	Protein %
	Fat %
	Ash %
	Carbohydrate %
	Energy (Kcal)

	Little Millet 
	11.147 ± 0.083a
	10.283 ± 0.329c
	4.087 ± 0.070e
	1.140 ± 0.080g
	73.343 ± 0.264i
	371.287 ± 0.932k 

	Barnyard Millet 
	12.360 ± 0.060b
	8.967 ± 0.042d
	3.140 ± 0.066f
	4.183 ± 0.040h
	71.350 ± 0.078j
	349.527 ± 0.495l


Note: The letters in the same rows indicate the significant differences among the data (P<0.05).
4. Conclusion 
This study highlights the dimensional, structural, and chemical characteristics of barnyard millet and little millet, emphasizing their potential as nutrient-rich grains. Slight variations in grain dimensions, bulk density, true density, porosity, and sphericity were observed between the two millets. Barnyard millet exhibited higher porosity, while little millet had greater sphericity. Both grains were oval in shape, with barnyard millet displaying a dull cream color and little millet a light brown hue.
Nutritionally, barnyard millet and little millet contained significant levels of protein, fat, carbohydrates, and ash, with minor differences between them. Barnyard millet had a higher ash percentage, while little millet had a slightly higher carbohydrate content. Moisture content also varied, with barnyard millet containing more moisture than little millet.
The findings of this study provide valuable insights for agricultural engineers, food scientists, and food processors. Understanding the physical characteristics of these grains, including their geometric mean diameter and sphericity, can aid in designing better equipment for planting, harvesting, storage, processing, and packaging. Additionally, knowledge of their structural and chemical properties can help assess and enhance the quality of millet-based products. By leveraging these insights, manufacturers can optimize processing techniques, ensuring improved efficiency and product quality for millet-based foods.
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