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Abstract 	Comment by LENOVO: Write down the research objectives, the main goal of the research, and mention the most important conclusions.

The growing interest in field peas is largely due to their nutritional value and health-promoting properties. Typically, peas are processed by dehulling, splitting, and grinding into dal or powder form prior to consumption. In this study, the impact of genotype, and their interaction was assessed in relation to milling performance (dal recovery) of field pea. Biochemical characteristics of the whole grain, dehusked dal and milling byproduct and its fractions were analyzed. Three genotypes IPFD-99-13, IPF-5-19, and IPFD-1-10 were examined for their biochemical diversity. The highest protein content (24.71%) was recorded in the powder fraction (<0.25 mm) extracted from milling byproduct of IPF-5-19, while powder fraction of IPFD-99-13 and IPFD-1-10 contained 19.43% and 24.05%, respectively. Conversely, the highest total phenolic content and antioxidant activity was observed to be 175.36 mgGAE/100mg and 4.23 mmole TE/100 g for powder fraction of milling byproduct of IPFD-99-13.	Comment by LENOVO: Comparative Evaluation of Metabolic Profiles and Nutritional Composition in Various Field Pea Genotypes Comparative Evaluation of Metabolic Profiles and Nutritional Composition in Various Field Pea Genotypes	Comment by LENOVO: Correct the spelling and grammatical errors
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1. INTRODUCTION	Comment by LENOVO: Write the complete classification of the studied plant. Add scientific sources on the chemotaxonomy of the parts of the studied plant.

Legumes have played a vital role in human civilization and ecological balance, serving as a significant source of nourishment and environmental sustainability. Belonging to a large group that includes pulses and oilseeds, legumes contribute not only to human nutrition but also to soil fertility through their symbiotic relationship with Rhizobium bacteria, which fix atmospheric nitrogen and reduce fertilizer requirements (Tiwari et al., 2021). Regular consumption of legumes has been associated with numerous health benefits, including cholesterol reduction, anticarcinogenic, antiatherogenic, and hypoglycaemic effects. These properties are primarily attributed to their diverse phytochemicals and antioxidant compounds (Singh et al., 2017). Among leguminous crops, field pea (Pisum sativum L.) holds major global importance. It is cultivated in over 80 countries and accounts for approximately 36% of the world’s total pulse production (Dahl et al., 2012). In 2018, global dry pea production exceeded 13.5 million tonnes, with Canada, Russia, and China recognized as the leading producers, while Latvia contributed around 22,500 tonnes annually (FAOSTAT, 2020). Field pea seeds are nutritionally rich, containing about 20–25% protein, 40–50% starch, and 10–20% fibres (Dahl et al., 2012; Tulbek et al., 2016). Their consumption is linked to a lower risk of diet-related disorders such as obesity, diabetes, cardiovascular diseases, and certain cancers, largely due to their balanced nutrient composition and low glycaemic index (Michaels, 2016; Rohn & van Griensven, 2015). The most common field pea types include the yellow cotyledon variety, followed by green cotyledon types and a few less common species (Rasskazova & Kirse-Ozolina, 2020). Several studies have highlighted that seed characteristics, such as wrinkled or smooth textures, significantly influence their proximate composition, including protein, lipid, and ash contents (Bishnoi & Khetarpaul., 1993; Kosson et al., 1994). 	Comment by LENOVO: et al	Comment by LENOVO: et al	Comment by LENOVO: et al	Comment by LENOVO: et al	Comment by LENOVO: et al	Comment by LENOVO: and	Comment by LENOVO: Spelling and grammatical errors must be corrected.
	Comment by LENOVO: Spelling and grammatical errors must be corrected.
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	Comment by LENOVO: et al
In Indian subcontinent more than 75% of the pulses are marketed and consumed as dehulled splits, which is commonly termed as dhal or dal in India. Dehulling, or milling, is a crucial step in pulse processing. During this operation, pulses are separated into different fractions such as dehusked whole or dal, broken grains, and milling byproduct, comprising of powder of outer layer of cotyledons and husk.  Dehusked dal can either be used directly for human consumption or serve as ingredients in various value-added products. Pulse milling byproduct is often utilized as cattle or animal feed. Incorporation of pulse milling byproducts in food products has been shown to improve both nutritional and functional qualities, especially when used as a partial replacement for wheat or in gluten-free formulations (Malcomson & Han., 2019; Lagassé et al., 2022). Despite the global significance of field pea as a protein-rich food crop, limited research has focused on how different cultivars influence the biochemical characteristics of seeds following the milling process. Understanding these variations is crucial for improving the nutritional quality and functionality of pea-based products. Protein rich powder component of pulse milling byproduct can find direct application as substitute to dal whereas phenol, antioxidant and fibre rich fraction can be used as nutraceuticals and functional food with therapeutic advantages. Therefore, the present study aims to evaluate the biochemical attributes of different field pea cultivars before and after milling, providing insights into cultivar-specific differences and their implications for food processing and nutrition.	Comment by LENOVO: and	Comment by LENOVO: Spelling and grammatical errors must be corrected.
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2. MATERIAL AND METHODS
2.1 Materials
Three different field pea cultivars IPFD-99-13, IPF-5-19, and IPFD-1-10 were obtained as whole grains from the Indian Institute of Pulse Research, Kanpur farms. The grains arrived with initial moisture contents of approximately 10.4 to 11.65 % on a wet basis. To measure the moisture levels accurately, about 10 grams of each grain sample were dried in triplicate at 105°C for 72 hours using a hot-air convection oven.	Comment by LENOVO: State when the research samples were obtained (month and year).
Write the scientific name of the plants studied.

2.2 Sample Preparation
Whole field pea grains were cleaned, graded, washed, and dried. The dried grains were milled in lab scale universal grain testing mill (Indosaw Make) using abrasive emery disk (26 mesh) as dehusking surface to obtain dal and milling byproduct. Dehusked splits and broken of cotyledon falls into the central compartment of the universal grain testing mill, whereas byproduct was collected in the outer box. The milling byproduct was fractionated with the help of electromagnetic sieve shaker (Electrolab EMS-8) into three fractions, viz., >1 mm size, > 0.25 mm size and < 0.25 mm size. The samples of dried whole seeds, dal, byproduct, and fractions of byproduct were further converted into powder form using laboratory grinder (Perten) for biochemical analysis.	Comment by LENOVO: Spelling and grammatical errors must be corrected.
	Comment by LENOVO: Spelling and grammatical errors must be corrected.
	Comment by LENOVO: Spelling and grammatical errors must be corrected.

2.3 Protein Content
100 mg of powdered sample was grinded in the 10 ml of grinding solution (0.1M NaOH in 3.5 % NaCl). Further, mixture solution was incubated at 60ºC in water bath for 90 minutes followed by centrifugation at 6000 rpm for 10 minutes. 50µl of supernatant was used for protein quantification using the Lowry’s method (Lowry et al., 1951).	Comment by LENOVO: et al
2.4 Total Phenolic Content
Total phenol was extracted and analysed in the sample using spectrophotometric method (Singleton and Lamuela-Raventos 1999). 500 mg of ground sample was mixed in 70% ethanol followed by shaking at 200 rpm for 3 hours in shaker. Then, mixed sample was centrifuged at 6000 rpm for 15 minutes and supernatant was collected. Pellet was re-extracted and supernatant of both were pooled together. 200 µl of supernatant was kept in test tube followed by addition of 250 µL of 1 N Folin-Ciocalteu’s reagent, 3 ml of double distilled water and 750 µL Na2CO3 (7%) sequentially. The reaction mixture was subjected to vortexing followed by incubation of 8 minutes. After 30 minutes, 800 µL of double distilled water was added and absorbance was measured at 765 nm in spectrophotometer. Phenols in the sample were calculated as gallic acid equivalents (mg of GAE /100 g sample).	Comment by LENOVO: Spelling and grammatical errors must be corrected.
	Comment by LENOVO: Spelling and grammatical errors must be corrected.

2.5 Total Antioxidant Activity
Total antioxidant in the sample was measured using CUPRAC method (Apak et al. 2007). 200 mg of sample was kept in 20 ml of 70% acetone overnight. Then, it was centrifuged at 6000 rpm for 10 min. 100 µL of supernatant was taken in the test-tube containing 1 ml Neocuproine (2,9-dimethyl-1,10-phenanthroline) alcoholic solution, a copper (II) chloride solution, and 1 ml ammonium acetate aqueous buffer at pH 7 in a test tube. The absorbance was recorded at 450 nm against reagent blank after 30 minutes incubation and antioxidant capacity was expressed as Trolox (6 hydroxy-2,5,7,8- tetramethylchroman-2-carboxylic acid) equivalent in terms of m mole TE/100 g sample using following formula.	Comment by LENOVO: et al

where, Vinitial = initial volume m = weight of sample r = dilution factor Vf = final volume Vs = volume of aliquot Af = absorbance €TR = 1.67 X 10 4 Lmol -1 cm -1	Comment by LENOVO: Spelling and grammatical errors must be corrected.
	Comment by LENOVO: Spelling and grammatical errors must be corrected.

2.6 Calorific Value
The calorific value of each sample of field pea was determined with the help of IKA C200 Bomb Calorimeter. The readings were calibrated as per benzoic acid tablets. For isoperibol testing water temperature was maintained at 20-250C. Bomb is placed in calorimeter after filling oxygen at 30 psi. Observations were recorded in cal/g and expressed in kcal/100 g. Procedure recommended by the manufacturer of the calorimeter was adopted.	Comment by LENOVO: Spelling and grammatical errors must be corrected.

2.7 Statical Analysis	Comment by LENOVO: Write the scientific source

All the observations were recorded in triplicates and the data presented with average mean values (± S.D.). Significance test was accepted at p  0.05.
3. RESULT AND DISCUSSION
3.1 Dal and Byproduct Recovery
The dehusked split cotyledons (dal) produced from the selected field pea cultivars IPFD-99-13, IPF-5-19, and IPFD-1-10 showed recovery percentages of 73.40%, 71.46%, and 72.40%, respectively. Alongside dal production, significant quantities of milling byproducts were also generated. For IPFD-99-13, the byproduct yield was 26.41%, whereas for IPF-5-19 and IPFD-1-10, it was 28.04% and 27.46%, respectively. Upon further fractionation of these milling byproducts, a considerable proportion comprised husk and broken seed particles that were retained on a sieve with openings greater than 0.25 mm. These coarse fractions were recorded as 41.51% for IPFD-99-13, 44.12% for IPF-5-19, and 40.53% for IPFD-1-10. In addition to the coarse fraction, a fine powder fraction was also obtained, which passed through the 0.25 mm sieve. This powder fraction accounted for 24.28%, 26.47%, and 27.91% of the total byproduct for the respective cultivars. These findings suggest that approximately 26% of cotyledon powder can be recovered from the total milling byproduct produced from the abrasive dehusking of field pea. This component holds potential for utilization in value-added products or functional food formulations, highlighting the efficiency of the abrasive dehusking process in not only producing dal but also in generating useful byproducts. Verma et al., (2022) reported the dal recovery percentages in mungbean seeds for different fractions. The study found that the mungbean dal recovery was approximately 76.7% for the Shikha variety and 73.6% for the Virat variety.  Hiregoudar et al. (2014), observed that among the pigeon pea varieties tested, Gulyal, treated with mustard oil exhibited the highest hulling efficiency at 79.4%, along with the highest finished product yield of 68.80%, in comparison to Maruti and Asha varieties. In contrast, when treated with acetic acid, the Maruti variety showed improved hulling efficiency of 76.5%, followed by Asha, which recorded 56.9%. Srivastava et al. (2009), reported that among different varieties of field pea, the maximum soluble protein content was observed to be 22.9% in JP-885.	Comment by LENOVO: et al	Comment by LENOVO: Spelling and grammatical errors must be corrected.
	Comment by LENOVO: Spelling and grammatical errors must be corrected.
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Table 1. Percentage recovery of dal and byproduct, and fractions of milling byproduct 	Comment by LENOVO: Table 1. Percentage recovery of dal , byproduct and fractions of milling byproduct 

	              Samples
	     Sieve Size
	IPFD-99-13
	IPF-5-19
	IPFD-1-10

	Whole seed 
	 
	
	
	

	Dal 
	 
	73.40±1.01
	71.46±2.34
	72.4±1.56

	Byproduct 
	 
	26.41±2.1
	28.34±1.77
	27.46±1.79

	Byproduct sieved fractions 
	>1.00 mm
	41.51±1.89
	44.12±1.91
	40.53±2.05

	 
	> 0.25 mm
	24.28±1.34
	26.47±2.54
	27.91±1.88

	 
	<0.25mm (Bottom)
	34.2±1.56
	29.41±2.13
	31.55±1.91



3.2 Protein Content
The protein content in whole seeds of the three selected chickpea cultivars IPFD-99-13, IPF-5-19, and IPFD-1-10 was recorded as 15.02%, 17.52%, and 18.33%, respectively. After the dehusking process, the resulting dehusked splits (commonly referred to as dal) showed a slight increase in protein concentration. The protein content of dal for the cultivars was measured at 16.36% for IPFD-99-13, 19.24% for IPF-5-19, and 18.98% for IPFD-1-10. The increase in protein content of dal, can be attributed to the removal of outer seed coat, which mainly contains fiber. In contrast, the milling byproducts comprising mainly the husk and other seed outer layers demonstrated a considerably lower protein content. The average protein content across the byproducts from all three cultivars was found to be 11.53%. When these byproducts were further fractionated by particle size using sieving, notable differences in protein content were observed among the various fractions. The coarsest fraction retained on the >1.00 mm sieve, which primarily consists of larger husk particles, had the lowest protein values. Protein contents in this fraction were recorded as 6.57% for IPFD-99-13, 10.38% for IPF-5-19, and 11.19% for IPFD-1-10. These results indicate that the outermost parts of the seed, i.e., seed coat, have minimal protein concentration. In contrast, the finest sieved fraction (<0.25 mm), likely containing finely powder of peripheral region of cotyledon and minute fragments of the seed coat, showed the highest protein concentration. Protein values in this fraction were observed to be 19.43%, 24.71%, and 24.05% for IPFD-99-13, IPF-5-19, and IPFD-1-10, respectively, suggesting that finer milling fractions have more protein-rich components. The intermediate fraction, obtained from particles >0.25 mm but <1.00 mm, showed moderate protein content due to presence broken cotyledons. This fraction recorded protein values of 15.50% for IPFD-99-13, 11.69% for IPF-5-19, and 17.60% for IPFD-1-10. The distribution pattern of protein across the fractions reflects the physical separation of seed tissues during milling, where finer fractions tend to retain more nutritious elements, particularly proteins. The protein content of isolate extracted from dehusked cotyledons of field pea variety IC 342028 was reported to range from 90.8% to 94.7% on a dry weight basis (Shevkani K. 2015). The powder fraction of milling byproduct, having higher protein content than dehusked dal, can be utilized in developing protein isolates. 	Comment by LENOVO: Shevkani, 2015

Fig. 1.  Protein content of whole, dehusked dal, byproduct and its fractions in fieldpea
3.3 Total Phenolic Content
The total phenolic content (TPC) was analyzed in different components of field pea namely, the whole grain, dehusked dal, milling byproducts, and their respective fractions for three selected varieties: IPFD-99-13, IPF-5-19, and IPFD-1-10. The TPC values measured in the whole grains were 111.59 mg GAE/100 g for IPFD-99-13, 85.40 mg GAE/100 g for IPF-5-19, and 94.55 mg GAE/100 g for IPFD-1-10. These values indicate the presence of significant amounts of phenolic compounds in the unprocessed grains. Following dehusking, the dal (cotyledons) exhibited a noticeable reduction in phenolic content, with values of 89.65, 71.84, and 71.77 mg GAE/100 g for the respective varieties. This decline is primarily attributed to the removal of the seed coat (husk), which is known to concentrate a large proportion of phenolic compounds.	Comment by LENOVO: Spelling and grammatical errors must be corrected.

In contrast, the milling byproducts, which consist largely of husk and broken seed material, demonstrated higher TPC values 155.28 mg GAE/100 g for IPFD-99-13, 104.97 mg GAE/100 g for IPF-5-19, and 137.75 mg GAE/100 g for IPFD-1-10. These findings reaffirm the role of the seed coat in contributing significantly to the phenolic content of field peas. Further fractionation of the milling byproducts revealed that the intermediate-sized husk and broken particles retained on the sieve (between <1.00 mm and >0.25 mm) possessed relatively high phenolic content, registering values of 142.65, 119.77, and 129.47 mg GAE/100 g across the three cultivars. Interestingly, the finest powder fraction, which passed through the 0.25 mm sieve, showed the highest concentration of phenolic compounds among all components analyzed. The TPC for this sieved fraction was 175.36 mg GAE/100 g in IPFD-99-13, 155.49 mg GAE/100 g in IPF-5-19, and 152.93 mg GAE/100 g in IPFD-1-10. Statistical analysis using a t-test confirmed that the differences in TPC across these fractions were highly significant (p ≤ 0.05). These results highlight that the milling byproducts, especially the fine powder fraction, are rich sources of phenolic compounds and could be utilized in the development of functional or nutraceutical food products. Devi et al. (2019) reported that the total phenolic content in 22 different genotypes of garden pea ranged between 12.6 to 128.6 mgGAE/100g.	Comment by LENOVO: et al.

Fig. 2. Total phenolic content of whole, dehusked dal, byproduct and its fractions in fieldpea 
3.4 Total Antioxidant Activity
The antioxidant activity of whole seeds of three chickpea cultivars IPFD-99-13, IPF-5-19, and IPFD-1-10 was measured and found to be 2.57, 1.94, and 2.69 mmole Trolox Equivalent (TE)/100 g, respectively. Upon dehusking, which results in the production of dal (split cotyledons), a notable reduction in antioxidant capacity was observed. The antioxidant values for dal were 1.88, 1.81, and 2.12 mmole TE/100 g for the cultivars IPFD-99-13, IPF-5-19, and IPFD-1-10, respectively. This decline is primarily attributed to the removal of the seed coat (husk), which is rich in phenolic compounds that contribute significantly to antioxidant activity. In contrast, the milling byproducts primarily composed of husk and other outer layers separated during the dehusking process exhibited higher antioxidant values of 3.50, 2.82, and 3.01 mmole TE/100 g for the respective cultivars. Among the various sieved fractions of the byproduct, the coarse fraction retained over >1.00 mm sieve demonstrated the highest antioxidant levels, with values recorded at 2.88, 2.92, and 3.26 mmole TE/100 g for the three cultivars, respectively. This suggests that a significant portion of the antioxidant rich husk material remains in this coarser fraction, as the >1.00 mm sieve appears to effectively retain most of the husk. The average antioxidant activity of the >1.00 mm fraction was calculated as 3.45, 2.76, and 3.16 mmole TE/100 g for IPFD-99-13, IPF-5-19, and IPFD-1-10, respectively. Additionally, antioxidant levels in another fraction - likely between >0.25 mm and <1.00 mm sieve size were observed to be 3.45, 2.77 and3.16 mmole TE/100 g for the three cultivars, with an average value of 3.12 mmole TE/100 g. Interestingly, the finest sieved fraction (<0.25 mm), which may include powdered husk and fine particles, exhibited the highest antioxidant potential, with values of 4.23, 3.76, and 3.55 mmole TE/100 g across the three cultivars. These findings highlight that although the coarser husk fraction (>1.00 mm) retains a high antioxidant content, finer fractions, especially those <0.25 mm, possess even greater antioxidant activity. Therefore, for therapeutic or nutraceutical applications, both coarse (>1.00 mm) and fine (<0.25 mm) milling byproduct fractions can be effectively utilized due to their superior antioxidant profiles. Zhao et al., 2020, evaluated sixteen field pea varieties and observed that 16WDS021 had the highest antioxidant activity indicating dark seeded peas have potential benefits compare to light coloured varieties. 	Comment by LENOVO: Spelling and grammatical errors must be corrected.
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Fig. 3. Total antioxidant activity of whole, dehusked dal, byproduct and its fractions in fieldpea 
3.5 Calorific Value
During the milling process of field pea varieties, noticeable changes in calorific values were observed across different components whole seeds, dal (dehusked cotyledons), milling byproducts, and their sieve fractions.  IPFD-99-13, the energy content was found to be 377.66 kcal/100g for whole seeds, 378.21 kcal/100g for dehusked splits (dal), and 378.93 kcal/100g for the milling byproduct. The byproduct was further fractionated based on particle size using sieves, and the calorific values for the respective fractions were 363.79 kcal/100g for particles larger than 1.00 mm, 382.08 kcal/100g for particles between 0.25 mm and 1.00 mm, and 388.91 kcal/100g for particles smaller than 0.25 mm his variation can be attributed to the differential distribution of macronutrients. Generally, whole seeds and dal exhibited slightly lower calorific values compared to certain milling byproduct fractions, especially the finest particles (<0.25 mm). Whole seeds and dal primarily consist of starch-rich cotyledons, which contribute to the bulk of the energy content. However, during dehulling and milling, the outer seed coat (rich in dietary fibre, lipids, and some residual proteins) is separated as byproduct. Finer particles in the byproduct fractions are more likely to contain concentrated lipid and protein residues, which have higher energy density than carbohydrates. Similarly, for the variety IPF-5-19, the calorific values were 368.16 kcal/100g (whole seeds), 368.52 kcal/100g (dal), and 356.79 kcal/100g (byproduct). The sieved byproduct fractions recorded energy values of 350.05 kcal/100g (>1.00 mm), 366.65 kcal/100g (0.25–1.00 mm), and 371.76 kcal/100g (<0.25 mm). In other variety of field pea (IPFD-1-10), the calorific values were 373.08 kcal/100g for whole seeds, 372.41 kcal/100g for dal, and 370.71 kcal/100g for the byproduct. The corresponding values for the size-based fractions were 379.50 kcal/100g (>1.00 mm), 380.98 kcal/100g (0.25–1.00 mm), and 376.56 kcal/100g (<0.25 mm).
4. CONCLUSIONS
Fieldpea is often consumed as whole, or dehusked splits (dal) or powder prepared from dal. Husk removal through abrasive surfaces is essential process of field pea milling, which produces dal and milling byproduct. In the study, biochemical analysis field pea milling byproduct and its fractions were determined to assess it’s suitability of edible usage. Presently it is consumed as low value cattle feed. The biochemical analysis indicates that byproduct raction >1.00 mm contains phenols and antioxidants, and can be utilized in developing novel food with health and therapeutic advantages. This fiber, phenol and antioxidant rich fraction of milling byproduct can be useful in reduction of cholesterol and preventing cancer. The milling byproduct fraction, <0.25 mm, comprises of protein rich cotyledon powder produced due to scouring of peripheral region of the cotyledons. This fraction of fine cotyledon powder can directly be utilized as source of pulse proteins in traditional recipes and in developing protein, phenol and antioxidant rich value-added products. The milling byproduct, which is often considered as low value waste, can be utilized for nutritious high value edible products.   
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IPFD-99-13	Whole seed 	Dal 	By-product 	>	1.00 mm	>	0.25 mm	<	0.25 mm	15.02	16.36	11.74	6.57	15.5	19.43	IPF-5-19	Whole seed 	Dal 	By-product 	>	1.00 mm	>	0.25 mm	<	0.25 mm	17.52	19.239999999999998	17.260000000000002	10.38	11.69	24.71	IPFD-1-10	Whole seed 	Dal 	By-product 	>	1.00 mm	>	0.25 mm	<	0.25 mm	18.329999999999998	18.98	16.21	11.19	17.600000000000001	24.05	
Protein content (%)




IPFD-99-13	Whole seed 	Dal 	By-product 	>	1.00 mm	>	0.25 mm	<	0.25 mm	111.59	89.65	155.28	153.41999999999999	142.65	175.36	IPF-5-19	Whole seed 	Dal 	By-product 	>	1.00 mm	>	0.25 mm	<	0.25 mm	85.4	71.84	104.97	105.07	119.77	155.49	IPFD-1-10	Whole seed 	Dal 	By-product 	>	1.00 mm	>	0.25 mm	<	0.25 mm	94.55	71.77	137.75	111.94	129.47	152.93	
TPC (mgGAE/100g)




IPFD-99-13	Whole seed 	Dal 	By-product 	>	1.00 mm	>	0.25 mm	<	0.25 mm	2.57	1.88	3.5	2.88	3.45	4.2300000000000004	IPF-5-19	Whole seed 	Dal 	By-product 	>	1.00 mm	>	0.25 mm	<	0.25 mm	1.94	1.82	2.82	2.93	2.76	3.78	IPFD-1-10	Whole seed 	Dal 	By-product 	>	1.00 mm	>	0.25 mm	<	0.25 mm	2.69	2.12	3.01	3.26	3.16	3.55	
TAA (mmoleTE/100g)







