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Assessment of Genotypic Variability in Grain Quality and Physical Characteristics of White Oat (Avena sativa L.)

Abstract 
White oats are nutritionally valuable due to their high-quality protein, dietary fiber, and beneficial fats, along with notable beta-glucan content that supports cardiovascular and digestive health. A laboratory experiment was conducted in the Department of Agricultural Biochemistry, ANDUA&T, Ayodhya, to assess the genotypic variability in grain quality and physical characteristics of white oat genotypes. The study followed a Completely Randomized Design (CRD) with three replications. Significant variation was observed among the genotypes for various biochemical and physical traits. The highest carbohydrate content (67.70%) and protein content (13.75 mg/100g) were recorded in genotype JHO-851. NDO-1101 showed the highest total sugar content (8.65 mg/100g), while UPO-212 recorded the maximum reducing sugar (5.55 mg/100g), and NDO-10 had the highest non-reducing sugar content (3.91 mg/100g). The highest crude fiber content was found in JHO-822 (11.01 mg/100g), and the highest total mineral content was again recorded in JHO-851 (1.00 mg/100g). Regarding to physical characteristics, NDO-10 exhibited the longest grains (3.55 mm), while UPO-212 had the widest grains (1.65 mm). RO-19 showed the highest test weight (31.22 g/1000 seeds), NDO-10 had the highest number of grains per spike (150), and NDO-1802 recorded the maximum husk weight (303.50 g/kg). These findings highlight substantial genotypic variability, indicating potential for selection and improvement in oat breeding programs.	Comment by sharathmn1998@gmail.com: Remove comma before and	Comment by sharathmn1998@gmail.com: Better to merge in the first sentence only while explaining carbohydrates and protein	Comment by sharathmn1998@gmail.com: I think 1000 seeds is nit needed, as test weight itself means weight of 1000 seeds
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1. INTRODUCTION
The market for global plant-based food materials has been rising tremendously in recent years; for example, the market share of plant-derived proteins is estimated to reach $15.6 billion by 2026, with an annual growth rate of 7.2% (Wang et al., 2022). White oats (Avena sativa L.) are cultivated for their highly nutritious edible grains. Like other cereals such as rice, wheat, maize, and barley, It have been used both directly as a staple food for human consumption and indirectly as livestock feed since the beginning of civilization (Varma, et al., 2016). Oat is unique among cereals because high beta-glucan content, superior protein quality, rich in healthy fats, low glycemic index naturally gluten-free and their versatile uses.  The worldwide cereal production, oat ranks around sixth in statistics following wheat, maize, rice, barley and sorghum (Ahmad, et al., 2014). Oats are well adapted to a diverse range of soil types. In comparison to other small grain cereals, they perform better on acidic soils (Ratan, et al., 2016). It has been referred to as “super grains” as it offers potential health benefits. The Oat was domesticated around 2000 BC. The hexaploid Oats originated in the Asia Minor region. Oat is generally considered derived from a weed of wheat and barley as secondary crop leading to its ultimate domestication. According to the UN Food and Agriculture organization (FAO STAT, 2021) the overall world production of oat was around 29.3 million metric tons (MMT); Russia is the top producer (5.8 MMT) Followed by Canada (4.2 MMT), United States (1.3 MMT). Avena sativa (white Oats) and Avena byzantine (red Oats) are the two cultivars that are commonly cultivated throughout the world followed by Russia, the European Union including Finland, Poland, Canada, USA and Australia are the major producers (Daou and Zhang 2012).	Comment by sharathmn1998@gmail.com: Italicize
Missing in the reference part	Comment by sharathmn1998@gmail.com: Why comma here?	Comment by sharathmn1998@gmail.com: Check for the font style	Comment by sharathmn1998@gmail.com: Missing in the reference part	Comment by sharathmn1998@gmail.com: Make small letter	Comment by sharathmn1998@gmail.com: Missing in the reference part
The common Oat (Avena sativa L) is species of cereal grain mainly grown for its utilization for human consumption as Oatmeal as well as for livestock feed. Oat has always been regarded as a health promoting food without clear knowledge of its specific health related effects. However, today it is known for its effects on satiety and retarded absorption of nutrients as well as a deterrent of various disorders of the gastrointestinal tract. Oats is among the richest and most economical sources of soluble dietary fibre. Oat protein has nearly its same quality as soybean protein, which, the WHO has determined to be equal to meat and egg protein observed by (Lasztity, 1996). Based on the rate of digestion, oat grain Starch is classified into three types: Rapidly Digestible Starch (R.D.S), Slowly Digestible Starch (S.D.S) and Resistant starch (R.S). The slow rate of starch digestion is critical for human health. In order to keep blood glucose levels are in balance. SDS is a critical fraction because its moderates antioxidant capacity and improves food nutritional quality (Martinez et al., 2013). Oat has been identified as super wealthy meals in source of dietary fibre-glucans, as well as polyunsaturated fatty acids and vitamin E because provide beneficial effect on the health of the consumer and decrease the risk of various diseases (Sterna et al., 2014). Oat is also a good source of lipids. It contains much higher levels of lipids than other cereals which are excellent sources of energy and unsaturated fatty acids. The majority of lipids of oat are in the endosperm. The fat content of oat ranges from 5.0 to 9.0 % of the total lipid content. The lipid content in an intact kernel of oat stored for 1 year at room temperature was found to be stable due to the protection from endogenous antioxidants such as tocopherols, ascorbic acid, thiols, phenolic, amino acids and other phenolic compounds (Keying et al., 2009).	Comment by sharathmn1998@gmail.com: Remove italics and put full stop after L	Comment by sharathmn1998@gmail.com: Small letter s	Comment by sharathmn1998@gmail.com: Check for sentence flow.	Comment by sharathmn1998@gmail.com: Its better to use the word one here
The oat lowers blood glucose levels in a multi-pronged manner by converting glucose to glycogen and increasing glucose uptake by the body for energy breakdown (Varma et al., 2016). The seeds of the oat plant have long been used to treat malignancies. In addition, oat straws can help with rheumatism. Oat tea was traditionally used to treat rheumatoid arthritis and water retention (Singh et al., 2013). Furthermore, it was discovered that satiety and palatability have a negative relationship. Fiber-rich meals have a lower palatability, resulting in early customer satisfaction and, as a result, weight loss (Khoury et al., 2012). Besides the abundant amount of micronutrients, oat also contain significant amount of β-glucan which is concentrated in the outer layers of the oats that may serve as a suitable ingredient for the ‘functional food’ industry (Othman et al., 2011). β-Glucan has been reported with promising pro-healthy effects, including decreasing of glycaemic response, reducing low-density lipoprotein, cholesterol lowering effects, reducing the chances of coronary heart diseases, helpful against cancer and infectious diseases (Daou and Zhang, 2012, Choromanska et al., 2015, Arena et al., 2017, Ames et al., 2019). 	Comment by sharathmn1998@gmail.com: Sentence seems incomplete. As a result aids in weight loss	Comment by sharathmn1998@gmail.com: Missing in the reference part	Comment by sharathmn1998@gmail.com: italics
Furthermore, the utilization of gluten-free oat products in regular balanced diets for celiac disease patients has significant importance and feeding oats to newborn infants younger than the age of 6 months is beneficial to reduce the risk of childhood asthma (Nwaru et al., 2012). Hulled oats are not much utilized in the food industry; besides, they contain significantly higher amount of soluble ferulic acid, phenolic acids (Peterson, 2001), and β-glucan (Liu & Wise, 2021). The quality aspects of oats and their application in functional foods could open a way to fight malnutrition, undernourishment, and food insecurities. Despite having this disadvantage, oat flakes are the most common whole grain oat product used in baking industry (Kaur et al., 2012). Whole grain oat contains considerable amount of valuable nutrients such as proteins, starch, unsaturated fatty acids and dietary fibre as soluble and insoluble fractions. Oat also contains micronutrients such as vitamin E, folates, zinc, iron, selenium, copper, manganese, carotenoids, betaine, choline, sulphur containing amino acids, phytic acid, lignin and alkyl resorcinol (Flander et al., 2007). Therefore, an experiment will be conducted to study the biochemical parameter and physical parameter of Oat grain with the following research objectives; (i) to study the physical parameter of Oats genotype (ii) to study the biochemical composition of Oat grains genotype.	Comment by sharathmn1998@gmail.com: Use word six	Comment by sharathmn1998@gmail.com: Missing in the reference part	Comment by sharathmn1998@gmail.com: Missing in the reference part	Comment by sharathmn1998@gmail.com: Use the word and	Comment by sharathmn1998@gmail.com: What is disadvantage?	Comment by sharathmn1998@gmail.com: Was conducted. The experiment was already conducted right?	Comment by sharathmn1998@gmail.com: parameters
2. MATERIAL AND METHODS
2.1 Experimental Materials
	A total ten genotypes of oat were selected as the experimental materials have been collected from farmer field and department of GPB form of this university. The analysis work was carried out during 2021-22 at the department of agriculture biochemistry Laboratory, Acharya Narendra Deva University of Agriculture and Technology, Kumarganj Ayodhya, Uttar Pradesh. The laboratory experiment was laid-out in Completely Randomized Design (CRD) with three replications. Following types of oat genotype were collected for analysis.	Comment by sharathmn1998@gmail.com: Which were	Comment by sharathmn1998@gmail.com: Expand GPB and mention the UV name	Comment by sharathmn1998@gmail.com: Small letter 
Table 1: Name of genotype and place of collection	Comment by sharathmn1998@gmail.com: You mentioned in first paragraph farmers field. But here all are collected from Department of GPB only. If that is the case if collected from same place then no need of place of collection column
	S. No.
	Genotype
	Place of Collection

	1
	JHO-822
	         Department of GPB ANDUA&T

	2
	JHO-851
	Department of GPB ANDUA&T

	3
	NDO-1802
	Department of GPB ANDUA&T

	4
	 NDO-02
	Department of GPB ANDUA&T

	5
	NDO-711
	Department of GPB ANDUA&T

	6
	NDO-1101
	Department of GPB ANDUA&T

	7
	NDO-01
	Department of GPB ANDUA&T

	8
	NDO-10
	Department of GPB ANDUA&T

	9
	UP-212
	Department of GPB ANDUA&T

	10
	RO-19
	Department of GPB ANDUA&T



2.2 Parameters to be analysed 	Comment by sharathmn1998@gmail.com: It should be parameters analysed
Samples of oat were brought to biochemistry laboratory after collection. The following observations were recorded in oat grain, biochemical characteristics such as carbohydrates (mg/100g), total Sugars (mg/100g), reducing sugars (mg/100g), non-reducing sugars (mg/100g), protein content (mg/100g), crude fibres (mg/100g), total minerals content (mg/100g) and physical parameters such as length of grain (LG); Weight of grain (WG); weight of husk (WH); test weight (TW); Grains spike-1 (GS) were recorded. Below is a detailed description of the methods employed for assessing the physical and biochemical characteristics in oat germplasm grains.	Comment by sharathmn1998@gmail.com: Small letter	Comment by sharathmn1998@gmail.com: Small letter	Comment by sharathmn1998@gmail.com: Small letter
2.3 Biochemical Characteristics
2.3.1 Carbohydrate content
	One gram of dried oat sample is transferred to a 100 ml glass-stoppered measuring cylinder containing 10 ml of distilled water and stirred thoroughly. Then, 13 ml of 52% perchloric acid is added, and the mixture is stirred frequently for 20 minutes. The volume is made up to 100 ml with distilled water, mixed well, and filtered through Whatman No. 42 filter paper into a 250 ml volumetric flask. The filtrate is diluted to the mark with distilled water and mixed thoroughly. A 10 ml aliquot of this extract is further diluted to 100 ml, and 1 ml of this diluted sample is pipetted into a test tube. For standard and blank, 1 ml of glucose standard solution (100 µg/ml) and 1 ml of distilled water are pipetted into separate test tubes, respectively, in duplicate. To all tubes, 5 ml of freshly prepared Anthrone reagent (0.2% Anthrone in concentrated H₂SO₄) is added. The tubes are heated in a boiling water bath for 12 minutes for color development, cooled to room temperature, and the absorbance is measured at 630 nm using a spectrophotometer (SP-20). A standard curve is prepared using glucose standards, and the carbohydrate concentration in the sample is calculated from the curve. The Total carbohydrate content in oat grain was estimated by using the Anthrone method (Yemm and Willis, 1954), The total carbohydrate content in the original sample is expressed as a percentage using the formula:	Comment by sharathmn1998@gmail.com: Small letter
Carbohydrate content
2.3.2 Reducing sugars
For calculation of reducing sugars 1 ml sugar extract was mixed with 3 ml Dinitro-Salicylic Acid (DNS) and kept over water bath for 10 minutes. The test tube was collected at room temperature and the intensity of color was recorded on Spectronic-20 at 575 nm against blank solution. The calculation was done with the help of standard curve. Reducing sugars content in grain was determined by the method of (Miller 1959).
23.4 Total sugars content 
For calculation of Total Sugar content First of all phenol reagent and 0.1 ml sugar extract was taken in test tube and volume was made up to 1 ml with addition of distilled water. Then 0.1 ml of 80 percent phenol and 4 ml conc. H2SO4 was added by the side of the test tube and then cooled down at room temperature. The intensity of color was recorded at 480 nm on Spectronic-20 against blank solution. The calculation was done with the help of standard curve prepared from glucose solution. Total sugar content was determined by the method of (Dubois et al., 1956).	Comment by sharathmn1998@gmail.com: Small letter	Comment by sharathmn1998@gmail.com: Small letter	Comment by sharathmn1998@gmail.com: subscript
2.3.3 Non reducing sugars
The non-reducing sugar was obtained by subtraction of reducing sugar from total sugar.
Non-reducing sugars = (Total sugars – Reducing sugars)
2.3.5 Protein content
	 Initially, 1 gram of oat flour was mixed with 10 mL of distilled water to extract the soluble components. To isolate proteins, 2 mL of 10% trichloroacetic acid (TCA) was added to the mixture, which was then kept in an ice bath for 30 minutes to facilitate protein precipitation. After centrifuging the sample at 3000 rpm for 15 minutes, the supernatant was discarded and the protein-rich pellet was redissolved in 2 mL of 0.1 N sodium hydroxide (NaOH). For the colorimetric assay, 1 mL of this protein solution was combined with 1 mL of alkaline copper reagent, freshly prepared by mixing sodium carbonate in NaOH, copper sulfate, and potassium sodium tartrate in a 100:1:1 ratio. After a 10-minute incubation at room temperature, 0.5 mL of diluted Folin–Ciocalteu reagent was added. The tubes were mixed thoroughly and left in the dark for 30 minutes to allow color development. Absorbance was then measured at 750 nm. Protein concentration was estimated using a standard calibration curve prepared with known concentrations of bovine serum albumin (BSA), and results were expressed in milligrams of protein per gram of oat flour. Protein content of oat flour was determined by a modified (Lowry’s method 1951).	Comment by sharathmn1998@gmail.com: Check this sentence
2.3.6 Crude Fibers content
	Approximately 50 g of oat grains were ground using a laboratory mill to pass through a 1 mm mesh sieve, ensuring sample uniformity. From this, 2.000 ± 0.005 g of the ground sample was accurately weighed and placed on a 9 cm hardened filter paper supported within a filter cone inside a 600 mL funnel. To remove fat and other soluble substances, the sample was defatted by sequential extraction with three seperate time 25 mL portions of diethyl ether using vacuum filtration after each step. The defatted residue was air-dried and then quantitatively transferred into a 600 mL beaker suitable for a fiber digestion apparatus. A well-mixed suspension of ceramic fiber (20 mL, containing approximately 1.5 g of dry ceramic fiber), 200 mL of boiling 1.25% sulfuric acid, and one drop of diluted antifoaming agent were added. The mixture was heated on a preheated digestion unit and boiled gently for exactly 30 minutes, with periodic rotation of the beaker to prevent adherence of solids to the walls. After acid digestion, the mixture was filtered through a California Buchner funnel pre-coated with approximately 0.75 g of ceramic fiber (dry weight). The beaker was rinsed thoroughly with 50–75 mL of boiling distilled water, and the filter residue was washed with three successive 50 mL portions of boiling water. The residue was dried by suction and returned to the digestion beaker for alkaline treatment.
Alkaline digestion was carried out by adding 200 mL of boiling 1.25% sodium hydroxide solution to the beaker and heating for an additional 30 minutes under the same conditions. After digestion, the contents were filtered again through the same ceramic fiber-coated funnel. The residue was washed sequentially with 25 mL of boiling 1.25% sulfuric acid, three 50 mL portions of boiling distilled water, and 25 mL of ethanol to remove residual moisture and neutralize the sample. The residue was then carefully transferred into a pre-weighed ashing dish and dried in a hot air oven at 105°C for 4 to 6 hours. After cooling in a desiccator, the dried dish was weighed (W₁) and then incinerated in a muffle furnace at 550°C for 3 to 4 hours to remove all organic matter. The ashing dish was cooled again in a desiccator and reweighed (W₂). The crude fiber content was calculated gravimetrically using the formula:
Crude fiber (%) =
where W0​ is the initial sample weight, W1​ is the weight after drying, and W2​ is the weight of ash after incineration. This method, based on the AOAC standard with ceramic fiber modification, allows accurate determination of the crude fiber content in oat samples by accounting for losses during both acid and alkaline digestion and minimizing particle loss during filtration.	Comment by sharathmn1998@gmail.com: Mention the reference 

2.3.7 Mineral content
	Approximately 2.000 ± 0.005 g of the ground oat sample, previously dried in a hot air oven at 70 °C for 4–6 hours to remove moisture, was accurately weighed and placed onto a pre-ignited, pre-weighed ashless filter paper. The filter paper with the sample was carefully folded and transferred into a pre-weighed silica crucible. The sample was initially charred gently over a low, non-luminous flame (typically a Bunsen burner) to avoid loss due to spattering. Once fully carbonized, the crucible was transferred to a muffle furnace set at 525–550 °C (±25 °C) and maintained at this temperature for 5–6 hours to ensure complete combustion of organic matter. After ashing, the crucible was removed using tongs and placed in a desiccator containing a desiccant (such as silica gel) to cool for at least 30–45 minutes, thereby preventing moisture absorption from the air. Once cooled to room temperature, the crucible containing the ash was weighed to determine the residual inorganic content (total ash). The ash content was calculated using the following formula and expressed on a moisture-free basis
Ash content (%) =
  [Whereas, Wash​= Weight of crucible + ash after ignition (g), W crucible​= Weight of empty crucible (g), W sample​= Weight of dried sample (g)]
2.4 Statistical analysis
Data pertaining to various parameter were statistically analysed for ANOVA by the standard statistical methods (Gomez and Gomez 1984). F-test is used to compare data calculated at the level of 5% significance (P=0.05). Pearson correlation coefficient between physical and biochemical characteristics of oat genotype studied using the data analysis tool pack of  Microsoft excel 2010. Oat    	Comment by sharathmn1998@gmail.com: Missing in the reference part	Comment by sharathmn1998@gmail.com: ????

3. RESULT AND DISCUSSION	Comment by sharathmn1998@gmail.com: Results
3.1 Biochemical and Quality Characteristic	Comment by sharathmn1998@gmail.com: characteristics
3.1.1 Carbohydrate Content
	The carbohydrate content (Table 2) among the oat genotypes ranged from 66.55 to 67.70 g/100g. The highest carbohydrate content was observed in JHO-851 (67.70 g/100g), whereas the lowest was recorded in NDO-01 (66.55 g/100g). The carbohydrate content in JHO-851 was 1.69% higher than that of NDO-01. The differences among genotypes were found to be statistically significant, indicating notable genetic variability, consistent with the findings of Montgomery and Smith (1956).	Comment by sharathmn1998@gmail.com: In material and methods, you mentioned as percentage but here different unit. Try to use the same unit
3.1.2 Sugar Content
	Reducing sugar content (Table 2) varied between 5.32 and 5.55 mg/100g across the oat genotypes. The maximum reducing sugar content was recorded in UPO-212 (5.55 mg/100g) genotype. However, the differences among genotypes for reducing sugars were found to be non-significant. These observations are in agreement with Montgomery and Smith (1956), who reported a similar range in oats. Non-reducing sugar content ranged from 3.74 to 3.91 mg/100g. The highest value was observed in NDO-10 (3.91 mg/100g), while the lowest was recorded in NDO-1802 (3.74 mg/100g). The non-reducing sugar content in NDO-10 was 4.34% higher compared to NDO-1802. Despite this variation, the differences among genotypes were statistically non-significant. Comparable results were noted in earlier studies by Montgomery and Smith (1956). Total sugar content among the genotypes varied from 8.44 to 8.65 mg/100g. The maximum total sugar content was recorded in NDO-1101 (8.65 mg/100g), while the minimum was observed in NDO-10 (8.44 mg/100g), closely followed by NDO-711 (8.44 mg/100g). The total sugar content in NDO-1101 was 2.42% higher than in NDO-10. These findings are in line with those reported by Montgomery and Smith (1956).
3.1.3 Protein and Fibre Content
	The protein content (Table 2) showed considerable variation among the oat genotypes, ranging from 11.96 to 13.75 g/100g. The highest protein content was found in JHO-851 (13.75 g/100g), followed by NDO-02 (13.71 g/100g). These values indicate a significant genetic influence on protein accumulation in oats, and are in agreement with results reported by Biel et al. (2009). Crude fibre content in the oat genotypes ranged from 10.40 to 11.37 g/100g. The maximum value was observed in NDO-10 (11.37 g/100g), followed by NDO-1802 (10.96 g/100g). These differences were statistically significant, highlighting the potential of certain genotypes for improving dietary fibre content in oats. Similar findings were previously documented by Flander et al. (2007).
3.1.4 Total Mineral Content
	Total mineral content (Table 2) in oat grains varied between 0.95 and 1.00 mg/100g. The highest mineral content was recorded in JHO-851 (1.00 mg/100g), which was significantly superior to other genotypes. This variation reflects genetic diversity in mineral accumulation, supporting earlier reports by Peterson et al. (1983).
3.2 Physical parameter 
3.2.1 Grain Length and Width
	The length of oat grains (Table 3) among the evaluated genotypes ranged from 3.15 mm to 3.55 mm, as shown in Table 3. The maximum grain length was observed in genotype NDO-10 (3.55 mm), followed by NDO-02 (3.50 mm), whereas the minimum was recorded in JHO-822 (3.15 mm). Compared to JHO-822, the grain length of NDO-10 and NDO-02 was higher by 11.26% and 10%, respectively. The width of oat grains ranged from 1.62 mm to 1.65 mm (Figure 2). The highest grain width was recorded in UPO-212 (1.65 mm), closely followed by NDO-1802 (1.64 mm). The lowest grain width was found in NDO-02 (1.62 mm), followed by JHO-822 and JHO-851, both at 1.63 mm. When compared with JHO-822, the grain width of UPO-212 and NDO-1802 showed an increase of 1% and 1.2%, respectively. These variations in grain size can be attributed to genotypic differences, agronomic traits, and physiological factors. The data from Figures 1 and 2 highlight significant morphological diversity in oat grain shape, consistent with findings reported by Hofmann et al. (1995) and Doehlert et al. (1999).	Comment by sharathmn1998@gmail.com: Its better to mention only once	Comment by sharathmn1998@gmail.com: Where are the figures
3.2.2 Husk Weight
	The husk weight (Table 3) across different oat genotype is graphically presented in Table 3, with values ranging from 262.30 mg to 303.50 mg. The maximum husk weight was recorded in NDO-1802 (303.50 mg), followed by RO-19 (290.20 mg) and NDO-1 (285.51 mg). The minimum husk weight was observed in NDO-711 (262.30 mg), followed by UPO-212 (272.88 mg). Compared to NDO-711, NDO-1802 and RO-19 exhibited higher husk weights by 13.57% and 9.61%, respectively. The differences in husk weight are primarily influenced by genetic factors and may also be affected by environmental conditions such as soil type, climate, and agronomic practices. Variations in husk weight are also associated with heritability and genotype-environment interactions.	Comment by sharathmn1998@gmail.com: Check the unit once	Comment by sharathmn1998@gmail.com: Add reference here
3.2.3 Test Weight
	The test weight (Table 3) of oat grain among genotypes ranged from 29.76 g to 31.22 g/1000 seeds, as shown in Figure 3. The highest test weight was recorded in RO-19 (31.22 g), followed closely by NDO-1802 (31.19 g). The lowest test weight was observed in JHO-822 (29.76 g), followed by NDO-711 (30.26 g) and NDO-10 (30.66 g). Compared to JHO-822, the test weight in RO-19 and NDO-1802 increased by 4.67% and 4.58%, respectively. These findings align with previous studies conducted by doehler et al. (2000) and Doehlert et al. (2004), confirming the influence of genotype on test weight and seed density.	Comment by sharathmn1998@gmail.com: Where is the figure	Comment by sharathmn1998@gmail.com: italics	Comment by sharathmn1998@gmail.com: Missing in the reference part
3.2.4 Number of Grains per Spike
The number of grains per spike (Table 3) among the oat germplasm ranged from 142 to 150. The maximum number of grains per spike was observed in NDO-10 (150.00), followed by NDO-1802 (149.00), while the minimum was recorded in RO-19 (142.00). This variation suggests a strong genetic influence on grain yield components. Similar trends have been previously reported by Cutler G.H. et al. (1940), indicating that genetic potential and spike architecture play critical roles in determining grain number per spike.	Comment by sharathmn1998@gmail.com: Missing in the reference part	Comment by sharathmn1998@gmail.com: delete	Comment by sharathmn1998@gmail.com: numbers
3.3 Correlation coefficient matrix
	Length of grain (LG) shows negatively significant(p<0.05) correlation with weight of grain, negatively significant(p<0.01) correlation with non-reducing sugar (NRS), positively non-significant correlation with grain per spike, protein, fibre and negatively non-significant correlation with weight of husk (WH), Test weight (TW), carbohydrate, total sugar and reducing sugar (Table 4). Weight of grain (WG) shows positively non-significant correlation with weight of husk (WH), test weight (TW), carbohydrate, Total sugar (TS), reducing sugar (RS), fiber and negatively non-significant correlation with grain per spike, non-reducing sugar (NRS) and protein (Table 4). Weight of husk shows positively significant (p<0.05) correlation with test weight (TW), positively non-significant correlation total sugar (TS), reducing sugar (RS), negatively non-significant correlation with grain per spike, carbohydrate, non-reducing sugar, Protein and fibre. Test weight shows (TW) positively non-significant correlation with total sugar (TS) and protein and negatively non-significant correlation with grain per spike (GS), carbohydrate, reducing sugar (RS), non-reducing sugar (NRS) and fiber. Grain per spike shows positively non-significant correlation with carbohydrate, non-reducing sugar (NRS), protein, fibre and negatively non-significant correlation with total sugar (TS) and reducing sugar (RS). Carbohydrate shows positively non-significant correlation with total sugar (TS), non-reducing sugar (NRS), protein, fiber and negatively non-significant correlation with reducing sugar (RS). Total sugar (TS) shows positively non-significant correlation with reducing sugar and protein and negatively non-significant correlation with non-reducing sugar (NRS) and fiber (Table 4). Reducing sugar (RS) shows negatively non-significant correlation with non-reducing sugar (NRS), protein and fiber. Non reducing sugar (NRS) shows positively non-significant correlation with protein and negatively non-significant correlation with fiber. Protein shows negatively non-significant correlation with fiber(Table 4).  	Comment by sharathmn1998@gmail.com: Merge the sentence	Comment by sharathmn1998@gmail.com: Give space in between	Comment by sharathmn1998@gmail.com: Small letters	Comment by sharathmn1998@gmail.com: Provide space in between

Table 2: Variability of genotype on nutritional content in oat grains	Comment by sharathmn1998@gmail.com: Genotypes
	Germplasm
	Carbohydrates in Oat grains (mg/100g)
	Total Sugars
(mg/100g)
	Reducing sugars
(mg/100g)

	Non reducing sugars
(mg/100g)
	Protein content in seeds
(mg/100g)
	Crude fibres
(mg/100g)
	Total minerals content
(mg/100g)

	JHO-822
	67.22±0.25
	8.47±0.03
	5.52±0.01
	3.76±0.06
	12.33±0.03
	11.01±0.35
	0.99±0.00

	JHO-851
	67.70±0.17
	8.48±0.03
	5.41±0.00
	3.78±0.02
	13.75±0.07
	10.68±0.85
	1.00±0.01

	NDO-1802
	66.90±0.23
	8.52±0.04
	5.47±0.01
	3.74±0.03
	12.12±0
	10.96±0.31
	0.96±0.00

	NDO-02
	66.66±0.15
	8.47±0.04
	5.49±0.01
	3.90±0.00
	13.71±0.19
	10.40±0.88
	0.98±0.00

	NDO-711
	67.26±0.20
	8.44±0
	5.47±0.06
	3.88±0.01
	11.96±0.03
	10.79±0.29
	0.95±0.01

	NDO-1101
	67.34±0.02
	8.65±0.00
	5.51±0.03
	3.88±0.01
	12.92±0.06
	10.83±0.55
	0.96±0.00

	NDO-01
	66.55±0.28
	8.48±0.14
	5.46±0.00
	3.77±0.02
	12.07±0.14
	10.86±0.38
	0.99±0.00

	NDO-10
	67.30±0.46
	8.44±0.02
	5.32±0.04
	3.91±0.02
	13.04±0.04
	11.37±0.47
	0.97±0.00

	UPO-212
	67.62±0.24
	8.53±0.10
	5.55±0.02
	3.83±0.00
	12.56±0.02
	10.87±0.43
	0.95±0.01

	RO-19
	66.66±0.04
	8.53±0.04
	5.46±0.02
	3.81±0.06
	12.61±0.06
	10.88±0.49
	0.96±0.00

	Sem	Comment by sharathmn1998@gmail.com: It should be mentioned as S.Em±
	7.06
	0.08
	0.03
	0.04
	0.10
	0.26
	0.00

	CD at 5%
	22.61
	0.26
	0.11	Comment by sharathmn1998@gmail.com: You mentioned in results as non significant so how about CD
	0.13
	0.32
	0.84
	0.02



Table 3: Variability of genotype on physical properties of oat grains	Comment by sharathmn1998@gmail.com: genotypes
	Germplasm
	Length of grain (mm)
	Width of grain (mm)
	Weight of
 husk (mg)
	Test weight
(g)
	Grains /spike

	JHO-822
	3.15±0.00               
	1.63±0.01
	267.75±3.90
	29.76±0.26
	146.00±2.60

	JHO-851
	3.22±0.00
	1.63±0.02
	278.70±0.73
	30.78±0
	147.00±0.74

	NDO-1802
	3.21±0.00
	1.64±0.00
	303.50±3.82
	31.19±0.08
	149.00±0.69

	NDO-02
	3.50±0.01
	1.62±0.00
	273.65±1.54
	30.74±0.06
	148.00±2.18

	NDO-711
	3.40±0.01
	1.63±0.01
	262.30±3.66
	30.26±0.30
	146.00±1.85

	NDO-1101
	3.25±0.00
	1.63±0.02
	283.89±4.45
	30.82±0.03
	146.00±1.95

	NDO-01
	3.35±0.03
	1.63±0.02
	285.51±2.98
	30.73±0.13
	144.00±0.48

	NDO-10
	3.55±0.00
	1.62±0.00
	262.30±3.17
	30.66±0.05
	150.00±1.95

	UPO-212
	3.17±0.00
	1.65±0.00
	272.88±0.91
	30.96±1.13
	143.00±1.75

	RO-19
	3.19±0.02
	1.63±0.00
	290.20±1.42
	31.22±0.07
	142.00±1.71

	SE.m
	0.01
	0.01
	3.54
	0.17
	2.07

	CD at 5%
	0.05
	0.05
	11.34
	0.56
	6.64



Table 4: Pearson correlation coefficient of grain physical characteristics and Nutritional quality of oat genotypes 
	 Notations
	LG
	WG
	WH
	TW
	GS
	Carb
	TS
	RS
	NRS
	Protein
	Fiber

	LG
	1
	
	
	
	
	
	
	
	
	
	

	WG
	-0.710*
	1
	
	
	
	
	
	
	
	
	

	WH
	-0.463NS
	0.342NS
	1
	
	
	
	
	
	
	
	

	TW
	-0.091NS
	0.293NS
	0.699*
	1
	
	
	
	
	
	
	

	GS
	0.541NS
	-0.451NS
	-0.142NS
	-0.147NS
	1
	
	
	
	
	
	

	Carb
	-0.245NS
	0.329NS
	-0.426NS
	-0.216NS
	0.127NS
	1
	
	
	
	
	

	TS
	-0.482NS
	0.346NS
	0.517NS
	0.435NS
	-0.302NS
	0.093NS
	1
	
	
	
	

	RS
	-0.582NS
	0.581NS
	0.178NS
	-0.097NS
	-0.538NS
	-0.029NS
	0.459NS
	1
	
	
	

	NRS
	0.720**
	-0.475NS
	-0.589NS
	-0.042NS
	0.237NS
	0.118NS
	-0.013NS
	-0.232NS
	1
	
	

	Protein
	0.268NS
	-0.436NS
	-0.161NS
	0.169NS
	0.318NS
	0.242NS
	0.030NS
	-0.284NS
	0.376NS
	1
	

	Fiber
	0.029NS
	0.033NS
	-0.138NS
	-0.110NS
	0.198NS
	0.190NS
	-0.110NS
	-0.478NS
	-0.051NS
	-0.387NS
	1


*, significant at 5%; **, significant at 1%; NS, non-significant; LG, length of grain; WG: Weight of grain; WH: weight of husk; TW: test weight; GS: Grains spike-1; Carb: carbohydrate; TS: total sugar; RS: reducing sugar; NRS: non-reducing sugar.
Conclusion 
 Result reveal that JHO-851shows the highest carbohydrate (67.70 g/100g) and protein content (13.75 mg/100g), while NDO-1101 genotype recorded the highest total sugar (8.65 mg/100g). UPO-212 showed the highest reducing sugar (5.55 mg/100g), and NDO-10 had the highest non-reducing sugar (3.91 mg/100g). JHO-822 exhibited the highest crude fibre (11.01 mg/100g), and JHO-851 had the highest mineral content (1.00 mg/100g). These variations highlight the nutritional diversity among genotype, making them valuable for breeding programs aimed at enhancing oat quality for both human consumption and livestock feed.	Comment by sharathmn1998@gmail.com: Results revealed	Comment by sharathmn1998@gmail.com: Provide space	Comment by sharathmn1998@gmail.com: genotypes
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    Original Research Article   Assessment of Genotypic Variability in Grain Quality and Physical Characteristics of  White   Oat ( Avena sativa   L.)     Abstract     White oats are nutritionally valuable due to their high - quality protein, dietary fiber,  and beneficial fats, along with notable beta - glucan content that supports cardiovascular and  digestive health. A laboratory experiment was conducted in the Department of Agricultural  Biochemistry, ANDUA&T, Ayodhya, to assess the genotypic variability in grain quality and  physical characteristics of white oat genotypes. The study followed a Completely  Randomized Design (CRD) with three replications. Significant variation  was observed  among the genotypes for various biochemical and physical traits. The highest carbohydrate  content (67.70%) and protein content (13.75 mg/100g) were recorded in genotype JHO - 851.  NDO - 1101 showed the highest total sugar content (8.65 mg/100g), while UPO - 212 recorded  the maximum reducing sugar (5.55 mg/100g),  and NDO - 10 had the highest non - reducing  sugar content (3.91 mg/100g). The highest crude fiber content was found in JHO - 822 (11.01  mg/100g), and the highest total mineral content was again recorded in JHO - 851 (1.00  mg/100g).   Regarding   to   physical characteristics, NDO - 10 exhibited the longest grains (3.55  mm), while UPO - 212 had the widest grains (1.65 mm). RO - 19 showed the highest test  weight (31.22 g/1000 seeds ), NDO - 10 had the highest number of grains per spike (150), and  NDO - 1802 recorded the maximum husk weight (303.50 g/kg). These findings highlight  substantial genotypic variability, indicating potential for selection and improvement in oat  breeding programs.     Keyword:  Bio - chemical;  Carbohydrate; fats; Nutritional content; Oat ; Sugar.   1.  I NTRODUCTION   T he market for global plant - based food materials has been rising tremendously in  recent years; for example, the market share of plant - derived proteins is estimated to reach  $15.6 billion by 2026, with an annual growth rate of 7.2% ( Wang et al ., 2022 ).   White oats  ( Avena sativa   L.) are cultivated for their highly nutritious edible grains. Like other cereals  such as rice , wheat, maize, and barley,  I t   have been used both directly as a staple food for 

