Biochemical And Nutritional Characterization of Kodo Millet (Paspalum scrobiculatum L.)  Germplasm Grown in Eastern Part of Uttar Pradesh.
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Abstract
Aims: To evaluate the biochemical and nutritional characteristics of ten kodo millet (Paspalum scrobiculatum L.) germplasm along with one check variety (KK-1), and to identify nutritionally superior germplasm.
Study design: Completely Randomized Design (CRD).
Place and Duration of Study: The study was conducted under controlled experimental conditions; duration and institutional details may be specified as applicable.
Methodology: Eleven kodo millet germplasm (ten test entries and one check variety KK-1) were analyzed for biochemical and nutritional parameters. Biochemical traits included carbohydrate content, crude fibre, total minerals, reducing sugar, and non-reducing sugar. Nutritional parameters comprised protein content and essential amino acids such as lysine, methionine, and tryptophan. Standard analytical procedures were employed for estimation, and data were statistically analyzed under CRD to assess variability among germplasm.
Results: Significant variability was observed among the germplasm for all studied traits. Germplasm Kodo-5 recorded the highest values for carbohydrate (65.17 g/100 g), crude fibre (10.19%), total minerals (3.33%), protein (9.08 g/100 g), methionine (94.25 mg/g), and tryptophan (33.58 mg/g). The highest lysine content was observed in Kodo-7 (179.40 mg/g). Variations in reducing and non-reducing sugars were also noted across germplasm, indicating diverse biochemical profiles.
Conclusion: The study revealed substantial genetic variability in biochemical and nutritional traits among kodo millet germplasm. Based on overall performance, Kodo-5 was identified as nutritionally superior and may serve as a promising candidate for breeding programs aimed at improving the nutritional quality of kodo millet.
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Introduction 
One of the hardiest crops planted in Madhya Pradesh, Maharashtra, Uttar Pradesh, and other Indian states is kodo millet (Paspalum scrobiculatum). When it comes to crop improvement and use, minor millets like kodo- which is often referred to as nourishing millet have had significantly less research and development attention than other crops (1). The percentage of dry land is rising due to drastic climate change and fewer irrigation infrastructure, endangering crop production and, consequently, food and nutritional security (2). Because kodo millets don't contain gluten, those with celiac disease or other wheat allergies or intolerances can eat them. Additionally, they can greatly improve the nutritional security of a sizable portion of the population because of their high fiber, polyphenol, and protein composition (3). In addition to vital amino acids like lysine, threonine, and valine, kodo millet is rich in vitamins, minerals, and phytochemicals that contain sulfur. A large percentage of the population may benefit greatly from their high fiber content, polyphenols, and protein composition in terms of their nutritional security. Kodo millet is a great food for those with diabetes since it contains the greatest proportion of dietary fiber of any millet. Additionally, it contains a lot of vitamins like folic acid (B9), niacin (B3), and pyridoxine (B6), as well as various minerals like calcium, iron, magnesium, potassium, and zinc. It also has a low fat level and a high protein content(4). Water-soluble fiber found in kodo millet may be used to maintain or reduce blood glucose response in diabetics and CVD sufferers. Glycemic load (GL) measures the amount and quality of carbohydrates in a food and makes it possible to compare the anticipated glycemic impact of realistic portions of various foods. RTC/RTE millet blends are becoming more significant in this regard (5).
 Material And Methods
The present investigation was carried out during the Kharif season of 2023–24 at the research farm of Acharya Narendra Deva University of Agriculture and Technology, Kumarganj, Ayodhya, Uttar Pradesh, India. The experimental site is located in the eastern Indo-Gangetic plains, characterized by a subtropical climate with hot summers and moderate rainfall during the cropping season. The soil of the experimental field was well-drained and suitable for millet cultivation. A total of ten kodo millet (Paspalum scrobiculatum L.) germplasm were collected from different districts of eastern Uttar Pradesh to ensure genetic diversity. These were evaluated along with one check variety, KK-1, making a total of eleven entries. The experiment was laid out in a Completely Randomized Design (CRD), and all germplasm were grown under uniform agronomic and management practices to minimize environmental variation and ensure reliable comparison of genotypes. After harvesting, representative grain samples from each germplasm were collected, cleaned, and finely ground for biochemical and nutritional analyses. All estimations were carried out in triplicate using standard laboratory procedures.
Biochemical Analysis
Estimation of Total Carbohydrate Content
Total carbohydrate content was estimated using the anthrone method as described by Yemm and Willis (1954). One gram of finely ground sample was hydrolyzed with perchloric acid to extract soluble carbohydrates. The extract was diluted to a known volume with distilled water. An aliquot of the extract was treated with anthrone reagent and heated in a boiling water bath for 10–12 minutes. Upon cooling, the intensity of the green color developed was measured at 620 nm using a spectrophotometer. The carbohydrate concentration was determined using a standard glucose calibration curve and expressed as grams per 100 grams of sample.
Estimation of Total Sugar Content
Total sugar content was determined by the phenol–sulphuric acid method as described by Dubois et al. (1956). An aliquot of the sugar extract was mixed with phenol solution followed by rapid addition of concentrated sulphuric acid. The mixture was allowed to stand for color development, and absorbance was recorded at 480 nm using a spectrophotometer. The total sugar content was calculated using a glucose standard curve and expressed as g per 100 g of sample.
Estimation of Reducing Sugar Content
Reducing sugar content was estimated using the dinitrosalicylic acid (DNS) method described by Miller (1959). The extract was treated with DNS reagent and heated in a boiling water bath for 5 minutes. After cooling, the reaction mixture was diluted with distilled water, and absorbance was measured at 575 nm. The reducing sugar content was calculated from a standard glucose curve and expressed as g per 100 g of sample.
Estimation of Non-Reducing Sugar Content
Non-reducing sugar content was calculated indirectly by subtracting reducing sugar content from total sugar content. The values were expressed as grams per 100 grams of sample.
Estimation of Crude Fibre Content
Crude fibre content was determined by the standard acid–alkali digestion method as described by Thiex et al. (2012). One gram of defatted sample was subjected to sequential digestion with dilute acid followed by dilute alkali. The residue obtained was filtered, dried, and ignited in a muffle furnace. The loss in weight after ignition was used to calculate crude fibre content, which was expressed as a percentage.
Estimation of Total Mineral Content
Total mineral content was estimated by the dry ashing method described by Hart and Fisher (1971). A known weight (2 g) of the sample was placed in a pre-weighed silica crucible and incinerated in a muffle furnace at 600°C until complete oxidation of organic matter. The crucible was cooled in a desiccator and weighed. The ash content was calculated and expressed as a percentage of the sample weight.
Nutritional Analysis
Estimation of Tryptophan Content
Tryptophan content was determined using the colorimetric method described by Spies and Chambers (1949). A known quantity (0.2 g) of dried sample was digested with 19 N sulphuric acid and kept in the dark for 12 hours. The digest was filtered, and an aliquot was treated with p-dimethylaminobenzaldehyde and sodium nitrite reagents. After 30 minutes of color development, absorbance was measured at 620 nm using a spectrophotometer. The tryptophan content was calculated from a standard curve and expressed as mg g⁻¹.
Estimation of Lysine Content
Lysine content was estimated following the colorimetric method described by Felker et al. (1978). A 0.5 g finely ground sample was extracted with buffer solution (0.05 M tetrasodium pyrophosphate/HCl buffer, pH 9.4) and shaken for two hours at room temperature. The extract was centrifuged at 10,000 rpm for 10 minutes. The supernatant was collected, and absorbance was recorded at 420 nm. Subsequently, trinitrobenzene sulfonic acid (TNBS) reagent was added, and the mixture was incubated with gentle shaking for two hours. The absorbance was again measured at 420 nm. The difference in absorbance values was used to calculate lysine content from a standard curve and expressed as mg g⁻¹ of sample.
Estimation of Methionine Content
Methionine content was estimated by the colorimetric method described by Horn et al. (1946). One gram of the sample was treated with sodium nitroprusside reagent, and the intensity of the color developed was measured at 520 nm using a spectrophotometer. Methionine content was calculated using a standard curve and expressed as mg g⁻¹ of sample.
Estimation of Protein Content
Protein content was determined by the method of Lowry et al. (1951). One gram of the sample was homogenized in distilled water and centrifuged at 4000 rpm for 15 minutes. The supernatant was precipitated using trichloroacetic acid, and the residue was dissolved in 0.1 N sodium hydroxide. An aliquot of this extract was treated with alkaline copper reagent, followed by the addition of Folin–Ciocalteu reagent. After incubation, the absorbance of the blue color developed was measured at 660 nm. Protein content was calculated using bovine serum albumin (BSA) as standard and expressed as g per 100 g of sample.
Statistical Analysis
The data obtained from biochemical and nutritional analyses were statistically analyzed under the framework of a Completely Randomized Design (CRD). Mean values were calculated for all parameters, and variability among germplasm was assessed to identify significant differences and superior genotypes.
Results And Discussion
The biochemical composition of eleven Kodo millet germplasms including one check variety (KK-1) is presented in Table 1. Considerable variation was observed among the germplasms for carbohydrate, mineral content, sugars, crude fibre, amino acids and protein content. Carbohydrate content among the germplasms ranged from 63.24 to 65.17 g/100 g. The highest carbohydrate content was recorded in Kodo-5 (65.17 g/100 g) followed by Kodo-2 and Kodo- 10 (64.90 g/100 g), while the lowest value was observed in Kodo-1 (63.24 g/100 g). The variation in carbohydrate content among germplasms may be attributed to genetic differences and environmental conditions during crop growth. Similar variation in carbohydrate content of millets has been reported by Bhat et al. (15). 
Total mineral content ranged from 2.90 to 3.33 %. The highest mineral content was observed in Kodo-5 (3.33%), closely followed by Kodo-10 (3.32%) and Kodo-2 (3.31%), whereas the lowest was recorded in Kodo-1 (2.90%). The higher mineral content indicates better nutritional potential of certain germplasms and suggests their usefulness in improving dietary mineral intake. Total sugar content 
Table 1: Biochemical characteristics of kodo millet germplasm

	Germplasm
	Carbohydrate (g/100g)
	Total Mineral Content (%)
	Total Sugar(%) 
	Reducing     Sugar(%) 
	Non-Reducing Sugar(%)
	Crude Fibre (%)

	Kodo-1
	63.24
	2.90
	3.20
	1.32
	1.28
	8.51

	Kodo-2
	64.90
	3.31
	3.60
	1.38
	1.84
	10.07

	Kodo-3
	64.13
	3.10
	3.90
	1.70
	2.20
	9.05

	Kodo-4
	63.81
	3.20
	3.88
	1.69
	2.03
	8.52

	Kodo-5
	65.17
	3.33
	3.58
	1.58
	1.23
	10.19

	Kodo-6
	64.39
	2.98
	2.68
	1.45
	1.81
	8.59

	Kodo-7
	63.66
	3.26
	2.75
	1.34
	1.26
	9.19

	Kodo-8
	63.46
	3.14
	3.35
	1.27
	1.21
	9.15

	Kodo-9
	64.56
	3.16
	2.53
	1.29
	2.03
	8.50

	Kodo-10
	64.90
	3.32
	2.58
	1.67
	1.78
	10.09

	KK-1
	63.41
	2.96
	3.30
	1.59
	1.63
	8.67


























varied from 2.53 to 3.90 %. The highest total sugar was found in Kodo-3 (3.90%), followed by Kodo-4 (3.88%), while the lowest value was observed in Kodo-9 (2.53%). Differences in sugar content among varieties may be due to genetic variability and biochemical composition of the grains. Reducing sugar ranged between 1.27 and 1.70 %. The highest value was observed in Kodo-3 (1.70%), followed by Kodo-4 (1.69%) and Kodo-10 (1.67%), whereas the lowest value was recorded in Kodo-8 (1.27%). Higher reducing sugar content may influence taste and processing quality of millet-based food products. Non-reducing sugar content ranged from 1.21 to 2.20 %. The highest value was observed in Kodo-3 (2.20%), followed by Kodo-4 and Kodo-9 (2.03%), while the lowest was recorded in Kodo-8 (1.21%). These differences indicate variability in carbohydrate composition among germplasms. Crude fibre content ranged between 8.50 and 10.19 %. The highest crude fibre was observed in Kodo-5 (10.19%), followed by Kodo-10 (10.09%) and Kodo-2 (10.07%), while the lowest value was recorded in Kodo-9 (8.50%). High fibre content is beneficial for digestive health and supports the use of Kodo millet as a functional food grain. The amino acid composition also showed noticeable variation among the germplasms. Tryptophan content ranged from 25.33 to 33.58 mg/g. The highest tryptophan was recorded in Kodo-5 (33.58 mg/g) followed by Kodo-10 (32.57 mg/g) and Kodo-2 (30.92 mg/g), whereas the lowest value was found in Kodo-3 (25.33 mg/g). Methionine content ranged from 74.95 to 94.25 mg/g. The highest methionine was recorded in Kodo-5 (94.25 mg/g) followed by Kodo-10 (93.20 mg/g), Kodo-2(92.28) while the lowest value was observed in Kodo-1 (74.95 mg/g). Lysine content ranged from 147.10 to 179.40 mg/g. The highest lysine content was observed in Kodo-5 (179.40 mg/g) followed by Kodo-10 (172.16 mg/g) and Kodo-2 (170.20 mg/g), whereas the lowest value was recorded in Kodo-9 (147.10 mg/g). Protein content among the germplasms ranged from 8.06 to 9.08 g/100 g. The highest protein content was observed in Kodo-5 (9.08 g/100 g) followed by Kodo-10 (9.06 g/100 g) and Kodo-2 (9.03 g/100 g), while the lowest value was recorded in Kodo-7 (8.06 g/100 g). The variation in protein content among germplasms may be attributed to genetic makeup and growing conditions.

	Germplasm
	Tryptophan (mg/g)
	Methionine (mg/g)
	Lysine (mg/g)
	Content of Protein (g/100g)

	Kodo-1
	25.60
	74.95
	162.53
	8.87

	Kodo-2
	30.92
	92.28
	170.20
	9.03

	Kodo-3
	25.33
	83.32
	168.20
	8.71

	Kodo-4
	28.43
	92.28
	149.13
	8.96

	Kodo-5
	33.58
	94.25
	179.40
	9.08

	Kodo-6
	29.65
	75.21
	163.26
	8.14

	Kodo-7
	27.71
	89.31
	157.42
	8.06

	Kodo-8	
	29.58
	85.16
	156.84
	8.55

	Kodo-9
	29.74
	78.12
	147.10
	9.01

	Kodo-10
	32.57
	93.20
	172.16
	9.06

	KK-1
	25.75
	90.18
	150.30
	8.75


Table 2: Nutritional characteristics of kodo millet germplasm





Conclusion The present investigation revealed significant variability among the kodo millet (Paspalum scrobiculatum L.) germplasm for both biochemical and nutritional traits. Such variability indicates strong genetic potential for improvement and selection of superior genotypes. Among all the germplasm studied, Kodo-5 emerged as the most promising line, exhibiting the highest values for carbohydrate, crude fibre, total mineral content, protein, methionine, tryptophan and lysine. This highlights its superior nutritional quality and suitability for use in crop improvement programs. Additionally, certain germplasm such as Kodo-3 showed higher sugar content, indicating their potential for specific end-use applications. The results emphasize that kodo millet is a nutritionally rich cereal with considerable scope for addressing dietary and nutritional security. The identified superior germplasm, particularly Kodo-5, can be effectively utilized in breeding programs aimed at enhancing nutritional traits and developing value-added food products. Overall, this study provides a valuable foundation for future research on genetic improvement and nutritional enhancement of kodo millet.
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