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ABSTRACT 

	Buckwheat (Fagopyrum esculentum) is an underutilized pseudo-cereal valued for its rich nutrient profile, bioactive compounds and potential applications in functional foods. The present study focused on the processing characteristics, physico-functional properties and nutritional composition of the Nelageri variety of buckwheat. Primary processing involved cleaning, dehulling and milling using a buckwheat dehuller (model UASB-2018), followed by the evaluation of milling efficiency. The dehulling process showed an efficiency of 85.06%, yielding 49.29% groats with minimal broken grains (7.89%) and meal formation (72.67%), indicating effective hull removal and good kernel recovery. Physical properties of the grains revealed a thousand kernel weight of 25.14 g, grain volume of 23 .33 mL, bulk density of 1.08 g/mL and average grain dimensions of 2.94 mm length and 2.77 mm width, reflecting the compact nature of the seeds. Functional properties showed a hydration capacity of 14.15 g/1000 grains, a hydration index of 56.32%, swelling capacity of 6.66 mL/1000 grains and a swelling index of 26.43%, suggesting good water absorption and expansion behaviour useful in product development. Color analysis indicated significant variation between husk, groats and flour, with flour exhibiting the highest lightness (85.03). The mean macronutrient composition of buckwheat groats for moisture, protein, fat, crude fiber, ash and carbohydrate were 11.66±0.05 per cent, 15.98±0.21g, 1.60±0.34g, 2.50±0.04g, 2.10±0.10g and 67.04±0.48g/100g  and mean micro nutrients potassium, phosphorus and magnesium content  were 440±1.52mg, 350.33±1.52mg and 233±1.00mg/100g respectively. Mean Phytic acid, polyphenol, tannin content, and antioxidant activity of buckwheat groats were 650.17 mg/100g, 42.19 mg GAE/100 g,  6.13 mg TAE/100g and 89.36 per cent respectively. Overall, the study confirms that buckwheat possesses strong nutritional, functional and processing attributes, supporting its utilization in health-oriented and value-added food products.
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1. INTRODUCTION

Buckwheat (Fagopyrum esculentum) is a broad-leafed herbaceous annual plant. Like cereals, the seed of the buckwheat plant contains germ, endosperm, aleurone layer and hull. However, it does not belong to cereal family (Graminae), but belongs to the family of Polygonaceae. It is neither a cereal nor a legume; rather it is a pseudo cereal. Buckwheat (Fagopyrum esculentum) is a broad-leafed herbaceous annual plant. It is dicotyledonous like legumes and nuts (Rani and Kulkarni, 2020). Buckwheat is a highly adaptable food ingredient that can be incorporated into many recipes and its distinctive, earthy taste is appreciated in diverse culinary traditions (Sharma and Minhas, 2023). It is derived from beech and wheat due to its similarity with beechnut and wheat (Sofi et al. 2023).
Buckwheat known to contain energy (355Kcal), crude protein (12g), carbohydrate (72.9g), total fiber (17.8g), fat (7.4g), moisture (11%). It is rich in various bioactive compounds such as rutin, quercetin, kaempferol-3-rutinoside and therefore increasingly considered a potential functional food. Predominant minerals of buckwheat include potassium, magnesium, phosphorus, calcium, iron, copper, zinc, manganese; and vitamins include β - carotene, thiamine, riboflavin, niacin, pantothenic acid, pyridoxine, ascorbic acid, and tocopherols (Pirzadah and Malik 2020; Puligundla and Lim., 2021). Buckwheat is an excellent source of protein, containing all eight essential amino acids. This makes it a good choice for vegetarians and vegans who may struggle to get enough protein from other plant-based sources. Buckwheat is naturally gluten-free, making it a safe and nutritious option for people with celiac disease or gluten intolerance. Buckwheat has a low glycaemic index, which means it can help regulate blood sugar levels and may reduce the risk of developing type 2 diabetes. It is a good source of dietary fiber, which can help promote digestive health and may reduce the risk of heart disease (Sharma and Minhas,2023).
Rutin and quercetin are the main poly phenols with antioxidant activity present in buckwheat. This pseudo cereal not only contains proteins, starch and vitamins but also contain large amounts of flavonoids and polyphenols (Sakac et al. 2011). Buckwheat goes by various names around the world, which can be essential in tracing its migration. In India, it is known as “Ogal,” in Nepal as “Titephapar,” in Japan for traditional noodles as “Soba,” in Pakistan as “Jawas,” and in Mandarin as “Tian qiaomai.” In some states of India, particularly in the North and West, buckwheat flour is named “Kuttu ka atta” and is consumed by Hindus during specific fasting days, such as Navarathri, Ekadhashi, Krishna Janmashtami and Maha Shivarathri (Pirzadah et al., 2019).
The processing of buckwheat, including cleaning, dehulling, milling and fractionation, is crucial in defining the quality and characteristics of the final products (Solanki et al., 2023). In buckwheat kernel, outer hull or husk, which is mainly composed of cellulose and it is comprises about 30% of the weight of the buckwheat grain. Since, it is inedible and not digested by human beings and it should be removed from the buckwheat kernel before further processing. Buckwheat dehulling is done by various methods such as manual peeling, stone dehulling and abrasion peeling in batch method. These methods vary in efficiency and groat recovery depends upon the dehulling parameters. In India, buckwheat is mainly considered as a poor mens’ crop and there is no dehulling technology available for efficient dehulling and further processing of this grains. Although this grains are used in fasting days in Indian culture. At present in India, buckwheat grainis dehulled with traditional methods, this is highly inefficient in terms of product quality and final products (Solanki et al.,2018). Hence, the present study was undertaken to study the primary processing of buck wheat like milling efficiency and yield of it’s different fractions. Physico-chemical properties like size, grain weight, volume and bulk density, colour parameters of milling fractions of buckwheat and to study the nutritional and phytonutrient composition of buck wheat groats. To study the functional properties of buckwheat Hydration capacity and index, it’s swelling capacity and index. So, by studying this we can assess the best suitability of the buck wheat in product development.



2. material and methods 

2.1 Procurement of raw materials
Buckwheat variety Nelageri was procured for the research from All India Coordinated Research Network (AICRN) on Potential Crops, University of Agricultural Sciences, GKVK, Bengaluru.
2.1.1 Processing of Buckwheat
Processing of buckwheat includes primary processing. In Primary processing buckwheat was processed into groats at the ICAR AICRP (PHET), UAS, GKVK, Bengaluru. Dehulling was carried out, and milling properties were evaluated using standard procedures. Buckwheat dehuller (model: UASB-2018, Bengaluru) was used for dehulling of buckwheat. The machine is operated by 1 hp electric motor (single phase). The clearance between cylinder and the concave was adjusted to 6mm using a vernier caliper. The cylinder speed was 500 kept constants. The milling characteristics of buckwheat such as dehulling efficiency (%), groats yield (%), broken yield (%), meal yield (%) and overall milling efficiency (%) was calculated and required data for calculations were recorded based on gravimetric analysis of the output fractions (Sahay and Singh, 2001). The following equations were used for calculating milling characteristics of buckwheat.




2.2 Physico functional properties of buckwheat
2.2.1 Seed size
The size of the buckwheat grain was determined by measuring the longitudinal and lateral diameters using the digital Vernier caliper having the least count of 0.01 mm. The average size of the grains was calculated from randomly selected 10 grain samples. The size of the seed was measured using calipers to the nearest of 0.01 mm.
2.2.2 Thousand Kernel/Grain weight (g)
Weight of randomly selected thousand grains was recorded in grams using electronic balance with a sensitivity of 0.001 mg (Singh et al., 2005).
2.2.3 Thousand Grain volume (mL)
Thousand randomly selected grains were dropped in a measuring cylinder containing known volume of distilled water. The difference in volume was recorded in mL (Singh et al., 2005).
2.2.4 Bulk density (g/mL)
Bulk density was calculated using the formula (Singh et al., 2005):

The bulk density was expressed as g per mL.
2.2.5 Hydration capacity and index
Hydration capacity was calculated as the difference in weight of seeds after soaking for 24 hours. It was expressed as weight per gram (Dhingra et al., 1992).
Hydration index was calculated by using the formula given by Kantha et al. (1986).

2.2.6 Swelling capacity and index
Swelling capacity was calculated as the difference in volume of seeds after soaking for 24 hours. It was expressed as weight per gram (Dhingra et al., 1992).
Swelling index was calculated as described by Kantha et al. (1986) using the formula.

2.3 Nutrient composition of buckwheat
All analysis was done by following AOAC (2005) methods. Moisture was determined from sample weight loss after drying in the oven at 105˚ C for 2-3 hours. Protein(g) content was determined by kjeldhal method. The Soxhlet method was used for total fat (g) determination. Crude fiber was estimated by estimated using moisture and fat- free samples by treatment of sample first with acid and subsequently with alkali. Micro nutrients such as Iron, Manganese, Zinc and Copper was analyzed using Atomic Absorption Spectrophotometer, calcium and magnesium by titration method and Phosphorus and Potassium was assessed by standard procedure (AOAC, 2005).
2.4 Phytonutrients and total antioxidant activity of buckwheat
Tannins in buckwheat were estimated colorimetrically based on the measurement of the blue color formed by the reduction of phosphotungstomolybdic acid in an alkaline solution. 
Tannin as tannic acid % =
In phytic acid phytate is extracted with trichloroacetic acid and precipitated as ferric salt. The iron content of the precipitate was determined calorimetrically and the phytate phosphorus content was calculated from this value assuming a constant 4 Fe: 6 molecular ratios in the precipitate. 
Phytate P (mg/100g sample) = 
Total antioxidant activity was done by using DPPH(2,2-diphenyl-1-picrylhydrazyl) method.
Total antioxidant activity = 
             Where,
         AB = Absorbance of blank sample 
          AS = Absorbance of testing sample
2.5 Statistical analysis 
All the analyses were performed in triplicate and data was analysed using EXCEL and OPStat software. Analysis of variance (ANOVA), Critical difference and F-test were used to analyze data.

3. results and discussion
3.1 Processing of Buckwheat
Post-harvest processing plays a vital role in determining the quality and potential applications of buckwheat. Steps involved in processing of buckwheat are cleaning, dehulling, and milling buckwheat grains to obtain different fractions such as groats, flour, and bran. In the present study buckwheat was obtained from the AICRN on Potential Crops, University of Agricultural Sciences, GKVK, Bengaluru and milled in buckwheat dehulling machine (model: UASB-2018, Bengaluru) at ICAR-AICRP (PHET) Bengaluru. The milling characteristics of buckwheat was studied and is depicted in fig 1. This includes dehulling efficiency, groat yield, broken yield, meal yield and overall milling efficiency. Dehulling efficiency of buckwheat was 85.06 per cent indicating an effective removal of hulls. The groat yield was 49.29%, showing that nearly half of the total grains were obtained as groats after dehulling. The broken yield, husk yield and meal yield were 7.89 per cent, 24.94 per cent and 0.51 per cent respectively, reflecting good milling performance of the buckwheat grains. The processing method employed was efficient in obtaining a high proportion of dehulled groats with limited breakage and meal formation. Similar results were obtained by Bonafaccia et al. (2003) who reported that buckwheat was milled using a flint-stone mill with a capacity of 110 kg/h. The milling fractions obtained were flour, bran, and husk. For common buckwheat, the yields were flour 55.4%, bran 24.2%, husk 17.4% and milling losses 3.0%. For tartary buckwheat, the yields were flour 55.6%, bran 24.4%, husk 15.7% and milling losses 4.3per cent. Kumar et al. (2023) evaluated the physical, anti-nutritional and optimization of milling characteristics of quinoa grains for sustainable food security. Results obtained from processing showed that husk percentage found maximum as 19.01% whereas highest broken quinoa proportion was 23.63%. It was also recorded that highest milling yield or recovery percentage was 63.58% while maximum milling loss recorded as 40.63 per cent. 
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          Fig. 1: Milling characteristics of buckwheat
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Plate 1. Milling fractions of buckwheat                

3.2 Physical properties of buckwheat
Physical properties are important because they help in understanding the basic characteristics and behavior of materials without altering their chemical nature. These properties provide essential information for evaluating quality, suitability and performance in different applications Physical characteristics buckwheat is indicated in Table 1. The thousand kernel weight averaged 25.14 ± 0.92 g, indicating the relatively small size and light weight of the seeds. The thousand grain volume was 23.33 ± 2.88 mL, which corresponds to the compactness of the grains. Lower grain volume with a relatively higher kernel weight shows a denser seed structure. The average grain length and width were 2.94 ± 0.55 mm and 2.77 ± 0.72 mm respectively. The bulk density of buckwheat was 1.08 ± 0.18 g/mL. Similar observations with respect to physical parameters of buckwheat was reported by Sangeeta and Grewal (2018) where in the buckwheat had 23.73 (g) of thousand kernel weight, 0.69 (g/ml) of bulk density.
Similarly, Rani and Kulkarni (2020) evaluated functional and physical properties of buckwheat. Two buckwheat varieties viz., PRB- 1, Nelagiri along with one bread wheat were selected for the study. The buckwheat varieties did not very much, PRB-1 variety had highest 100 kernel weight (1.97 g/100 g), volume (2.66 g/100 g), bulk density (0.74) while Nelagiri variety had highest grain length (4.02 mm) and width        was same for both the varieties (2.89 mm).
Table 1: Physical parameters of Buckwheat
	Parameters
	Values

	Thousand kernel weight(g)
	25.14±0.92

	Thousand grain volume(mL)
	23.33±2.88

	Length(mm)
	2.94±0.55

	Width (mm)
	2.77±0.72

	Bulk density (g/mL)
	1.08±0.18








              Values are mean ± standard deviation

3.3 Functional properties of buckwheat
Functional properties of groats are given in Table 2. The hydration capacity of buckwheat grains was 14.15 ± 0.13 g/1000 grains, while the hydration index was 56.32 ± 2.04 per cent, indicating a good ability of the grains to absorb and retain water during soaking. The swelling capacity and swelling index were 6.66 ± 2.88 ml/1000 grains and 26.43 ± 0.96 per cent respectively, showing the extent of volume expansion during hydration. Buckwheat grains possess good water absorption and swelling properties, which are beneficial for cooking and product formulation. Similarly, Kumari and Raghuvanshi (2015) study revealed that the buckwheat variety PRB-1 had higher value of hydration capacity (1.05g seed-1), swelling capacity (1.33g ml-1) and swelling index (0.55) than the local variety.        Rani and Kulkarni (2020) evaluated two buckwheat varieties viz., PRB- 1, Nelagiri along with one bread wheat and reported that Hydration capacity (1.22 g/100 g) and Hydration index (0.79) were highest in Nelagiri variety. Swelling capacity (0.37 ml/100 g) and swelling index (0.94) were highest in PRB-1 variety.



                          Table 2:  Functional properties of Buckwheat
	Parameters
	Values

	Hydration capacity (g/1000 grains)
	14.15±0.13

	Hydration index (%)
	56.32 ±2.04

	Swelling Capacity (ml/1000 grains)
	6.66±2.88

	Swelling index(%)
	26.43±0.96









                       

                                      Values are mean ± standard deviation 

3.4 Color parameters of buckwheat husk, groat and flour 
Color parameters of buckwheat husk, groats and flour is depicted in Table 3. Results showed that flour had a lightness value of (85.03) as compared to groats (56.32) and husk (32.90) indicates that the flour had significantly lighter color compared to groats and husk The buckwheat husk showed the lowest L* value indicating its darker brown appearance. Similarly, the a* value indicates the red-green coordinate was highest in groats (9.37), followed by husk (3.12) and flour (0.23) respectively. Due to this colur parameters of buck wheat groats in developed products may score low for the sensory parameters colour and appearance. The b* value representing the yellow-blue coordinate was highest in groats (25.14) showing a strong yellow tone, followed by flour (9.59) and husk (5.86) respectively. The variation among samples was statistically significant at 5% level, indicating that dehulling and milling processes considerably affected the color attributes of buckwheat. The increase in lightness and decrease in redness from husk to flour could be due to the removal of the outer dark-colored layers during dehulling and subsequent milling which expose the inner lighter-colored endosperm. Similar findings were reported by Jara et al. (2022) on mean color measurements showed that, flour had a lightness (L*) value of 91.12, with a* (0.05) and b* yellowness (8.18) respectively.

                        Table 3: Color parameters of buckwheat husk, Groat and Flour
	Samples
	L*
	a*
	b*

	Buckwheat Husk
	    32.90±0.94
	   3.12±0.16
	     5.86±0.36

	Groats
	    56.32±0.58
	   9.37±0.16
	     25.14±0.37

	Buckwheat Flour
	    85.03±0.08
	   0.23±0.04
	       9.59±0.14

	F value
	 *
	*
	  *

	SE m±
	         0.37
	0.07
	0.18

	CD@ 5%
	         1.31
	0.27
	0.63




    








       Note: Values are mean ± standard deviation; * Significant at 5%, L*(i.e., [-] to [+]
              lightness coordinate), a* (i.e., green [-] to red [+]) and b* (i.e., blue [-] to yellow  [+])               
3.5 Nutritional composition of buckwheat 
The macronutrient composition of buckwheat groats presented in Table 4 shows that they possess a balanced and nutrient-rich profile suitable for use in value-added food products. The moisture content was 11.66 ± 0.05 per cent, indicating a safe and stable level that supports longer shelf life and reduces microbial spoilage. The protein content was 15.98 ± 0.21 g/100g, confirming that buckwheat groats are a good source of high-quality plant protein. The fat content was 1.60 ± 0.34 g/100 g, reflecting the naturally low lipid levels of groats, which is advantageous for producing low-fat and shelf-stable products. The ash content was 2.10 ± 0.10 g/100 g, indicating a good concentration of essential minerals present in the groats.
The crude fiber content was 2.50 ± 0.04 g/100g, contributing to the dietary fiber intake and supporting better digestive health and functional properties in food formulations. The carbohydrate content was 67.04 ± 0.48 g/100g, making it the major nutrient fraction and an important contributor to the overall energy value. The calculated energy content was 347 ± 2.02 kcal/100g, which reflects the combined contribution of carbohydrates and proteins. Overall, the results show that buckwheat groats are nutritionally dense, offering a favourable composition of protein, fiber, minerals and energy, making them highly suitable for developing functional and health-oriented food products. Similar observations are observed by Latha Rani et al. (2022) found that Moisture, fat, protein and ash content found to be highest in Nelageri variety 15.73 g/100 g, 1.87 g/100 g, 18.78 g/100 g and 3.66 g/100 g respectively.  Similarly, Mishra and Jain (2019) reported on comparative study on the nutritional profile and antinutrients of buckwheat fractions: buckwheat whole (BW), buckwheat groats (BG), and buckwheat husk (BH). BG had the highest protein content (14.88g/100g) compared to BW (11.34g/100g) and BH (9.91g/100g). Carbohydrate content was similar across fractions, ranging from 66.35g/100g (BW) to 71.25g/100g (BH) respectively. Sangeeta and Grewal (2018) observed that buckwheat had moisture conent (11.31± 0.14%), crude protein (10.66 ±0.00%), crude fat (2.47 ±0.14%), crude fibre (12.86± 0.14%), ash (1.97± 0.0007%) and total carbohydrate (72.00 ±0.24 %) respectively.

       Table 4:  Macronutrients composition of Buckwheat 
	[bookmark: _Hlk225714114]Macronutrients(mg/100g)
	Values

	Moisture (%)
	11.66±0.05

	Protein (g)
	15.98±0.21

	Fat (g)
	1.60±0.34

	Ash (g)
	2.10±0.10

	Crude fiber (g)
	2.50±0.04

	*Carbohydrate (g)
	67.04±0.48

	**Energy (Kcal)
	347±2.02




  
       





  Note: Values are mean ± standard * difference method; **computation method


The micronutrient composition of buckwheat presented in Table 5 indicates that it is a rich source of essential minerals. The calcium content was 43.15 ± 0.04 mg/100 g, showing that buckwheat contributes moderately to bone-supporting nutrients. Potassium was found to be the most abundant mineral at 440 ± 1.52 mg/100g, which is beneficial for maintaining electrolyte balance, nerve function and blood pressure regulation. Phosphorus content was also high (350.33 ± 1.52 mg/100g), reflecting its important role in energy metabolism and structural functions such as bone and cell membrane formation. Magnesium was present at 233±1.00 mg/100g, highlighting buckwheat as a good source of this mineral essential for enzyme activity and muscle function. The trace minerals were present in appreciable amounts. Manganese (2.53 ± 0.02 mg/100 g) and zinc (3.50 ± 0.01 mg/100g) were detected at nutritionally significant levels, supporting antioxidant activity and immune function. Copper content was 0.75 ± 0.025 mg/100g, which contributes to red blood cell formation and metabolic functions. Iron content was 4.76 ± 0.02 mg/100g, indicating that buckwheat can contribute to dietary iron intake, which is important for oxygen transport and preventing iron-deficiency anaemia. Overall, the mineral profile shows that buckwheat is a nutrient-dense pseudo cereal containing both macro- and trace minerals in meaningful amounts, making it highly suitable for use in health-promoting and functional food formulations. Similar observations are observed by Latha Rani et al. (2022) found that Nelageri variety had calcium (41.35 mg/100g), potassium (44.00 mg/100g), zinc (4.05 mg/100g), iron (4.30 mg/100g), manganese (2.64 mg/100g) and copper (0.67 mg/100g) respectively. The results of the study are in concurrent with the findings of Bhavsar et al. (2013) reported that buckwheat flour had Iron (2.67), Zinc (2.53), Manganese, (1.52) and copper (0.49) mg/100g respectively. Similar findings are obtained by Amarowicz and Fornal (1987) who reported that buckwheat flour contain potassium (299.4 mg/100g), magnesium (160.8 mg/100g), manganese (2.22 mg/100g), iron (5.26 mg/100g), zinc (3.72 mg/100g) and copper (0.53 mg/100g) respectively.









Table 5: Micro nutrient composition of Buckwheat 
	[bookmark: _Hlk225714740]Micro nutrients(mg/100g)
	Values

	Calcium
	43.15±0.04

	Potassium
	440±1.52

	Phosphorous
	350.33±1.52

	Magnesium
	233±1.00

	Manganese
	2.53±0.02

	Copper
	0.75±0.025

	Iron
	4.76±0.02

	Zinc
	3.50±0.01




    



 Note: Values are mean ± standard
3.6 Phytonutrients and total antioxidant activity of buckwheat 
The phytonutrient profile of buckwheat presented in Table 6 shows that it contains significant levels of bioactive compounds with strong nutritional and functional benefits. The total polyphenol content was 42.19 mg GAE/100 g, indicating the presence of antioxidant-rich phenolic compounds such as rutin, quercetin and catechins, which are characteristic of buckwheat. Phytic acid content was found to be 650.17 mg/100 g, which is typical for pseudocereals and contributes to mineral binding and antioxidant effects. The tannin content was measured as 0.61%, equivalent to 6.13 mg TAE/100 g, suggesting a moderate presence of tannin compounds that may contribute to astringency but also possess beneficial antioxidant and antimicrobial properties.
The total antioxidant activity of buckwheat was expressed both in percentage and absorbic acid equivalents. The antioxidant activity was 89.36%, demonstrating strong free-radical scavenging ability. When quantified, this corresponded to 245.13 mg AAE/100 g, confirming that buckwheat is a potent natural antioxidant source. This high antioxidant capacity is mainly attributed to its rutin and polyphenol content, which are well-documented for reducing oxidative stress and promoting health benefits. Similar observation was observed by Mishra and Jain (2019) reported that tannin content was found to be highest in BH (5.54%) than BW (4.15%) and BG (4.15%). The phytic acid content was found lowest in BG (6.23%) than BW (18.36%) and BH (18.30%) and the difference was significant (p >0.05).
 

















Table 6: Phytonutrients and total antioxidant activity of buckwheat


	Phytonutrients and  total antioxidant activity
	Values

	Total polyphenols (mg GAE /100g)
	42.19

	Phytic acid (mg/100g)
	650.17

	Tannins
	(%)
	0.61

	
	mg TAE /100g
	6.13

	Total anti-oxidant activity
	(%)
	89.36

	
	mg AAE /100g
	245.13













4. Conclusion
Buckwheat (Fagopyrum esculentum), an underutilized pseudo-cereal with remarkable nutritional richness and bioactive potential, has gained increasing attention for its role in functional and health-promoting foods. The milling performance showed that the dehulling system used (UASB-2018) achieved a high dehulling efficiency of 85.06% with a groat yield of 49.29%, indicating efficient hull removal and good kernel recovery. The physical parameters such as thousand kernel weight (25.14 g), grain volume (23.33 mL) and bulk density (1.08 g/mL) reflected the compact and dense structure of the grains, which is favourable for processing and storage. Functional properties including hydration capacity (14.15 g/1000 grains) and swelling index (26.43%) revealed the grain’s strong water absorption abilities, making it suitable for products requiring hydration and volume expansion. Nutritional analysis confirmed that buckwheat groats are a rich source of high-quality protein (15.98 g/100 g), carbohydrates (67.04 g/100 g) and essential minerals such as potassium, phosphorus and magnesium. The significant presence of phytonutrients including total polyphenols (42.19 mg GAE/100 g), tannins and phytic acid along with high antioxidant activity (89.36%; 245.13 mg AAE/100 g) highlights its strong functional and health-protective properties, largely attributed to compounds such as rutin and quercetin.
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