Evaluation of Blackgram   (Vigna mungo (L.) Hepper) Genotypes for Nutritional  
                                 Quality


Abstract
Blackgram (Vigna mungo (L.), is the most important legume crop, rich in high-quality protein, energy, fibre and micronutrients especially iron, zinc. High genetic diversity is known to exist among blackgram genotypes for micronutrient densities. Considering these facts and the status of micronutrient malnutrition in the developing countries, evaluated 59 genotypes collected from different locations of India during 2019-20, kharif at Regional Agricultural Research Station, Lam, Guntur, Andhra Pradesh, with the major objective of identifying genotypes with high protein and micronutrient contents. The micronutrient contents viz., zinc and iron in seed was estimated by digesting the sample with di acid mixture and then determined with the help of atomic absorption spectrophotometer, while protein content was estimated by Kjeldahl method. Results revealed that the variation in iron content among the genotypes ranged from 5.4 mg100g-1(WBU 108 and PU 1541) to 9.2 mg100g-1 (IPU 11-6) with a mean value of 7.0 mg100g-1and the zinc content ranged from 1.9 mg100g-1 (VBG 13-003, PU 1541 and LG 787) to 4.00 mg100g-1 (KU 17-04 and MBG 1070) with a mean value of 2.9 mg100g-1. The variation in protein content was also high ranged from 17.3 (ADT 5) to 23.8 per cent (LBG623) with a mean value of 21.2 per cent. This variability implies that, the screened genotypes could serve as a source for breeding new varieties with improved biochemical and nutritional traits and could be highly suited to meet specific dietary requirements. Promoting production of such iron and zinc rich cultivars will help in increasing availability and consumption of high quality blackgram necessary to alleviate hidden hunger. 
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Introduction 
Because of their high protein content and other nutritional qualities, pulses are the most significant food crop produced worldwide. In terms of production for the past 15 years, urdbean (Vigna mungo L. Hepper), one of the major pulses, is the third most common pulse crop in India, behind mungbean and chickpea (Gaur, 2021). In addition to other regions of Asia and the South Pacific, its primary growing regions include India, Thailand, and Australia (Poehlman, 1991). While the urdbean is grown on 3.93 lakh hectares with a production of 3.65 lakh tonnes and productivity of 929 kg/ha (AICRP on MULLaRP-Report, 2021)  in Andhra Pradesh state, India, it occupies 4.14 million hectares of land with a production of 2.23 million tons and a productivity level of 538 kg/ha (Anonymous, 2020-21).
Blackgram, also known as urdbean, is a rich source of nutrients that, when combined with cereals, provide a balanced vegetarian diet. It contains 1.3% fat, 60% carbohydrates, 25% protein (nearly three times that of cereals), and essential minerals and vitamins (Ghafoor et al., 2001). As a crop with a short growing season, it can be interplanted with other crops and works well in crop rotation with cereals like rice or wheat (Sakila and Pandiyan, 2018).

        Certain mineral deficits in human nutrition can result in increased death rates, decreased resistance to disease, and stunted growth and development in children. Global awareness of micronutrient malnutrition has grown in recent decades, and efforts have been undertaken to address it using a variety of tactics, including increased food production, supplementation, food fortification, and biofortification. According to Welch and Graham (2004), biofortification is the process of using plant breeding and genetic selection to increase the bioavailable micronutrient content of food crops. 
     Nutrient-dense food crops may be able to compensate for micronutrient shortages and offer a long-term solution to the world's health problems (Welch, 2002). Among the many worldwide health concerns of the twenty-first century, fighting malnutrition is the most significant task. According to the World Health Organization (WHO), micronutrient malnutrition, commonly referred to as "hidden hunger," affects over 2 billion people worldwide (Ritchie and Roser, 2017). 22 minerals are necessary for human health, according to research (White and Broadley, 2009). However, deficiencies in iron and possibly zinc are very common in developing nations, especially in vulnerable populations like pregnant women, young children, and adolescents (Reddy and Sanders, 1990).
As a widely consumed legume crop, it serves as one of the most affordable sources of minerals and proteins for vegetarian diets. Blackgram can therefore aid in addressing the issue of malnutrition among the impoverished, who are unable to purchase pricey foods derived from animals. For the biofortification process to be successful, the germplasm must be variable. Numerous research have revealed differences in the mineral concentrations of various crops, including lentils, chickpeas, peas, and common beans (Haq et al., 2007; Thavarajah et al., 2010). Only two studies have been carried out recently to determine the iron and zinc concentrations in urdbean

Iron and zinc contents varied from 71 to 100 mg/kg and 19 to 61 mg/kg, respectively, in one study that included 26 urdbean genotypes (Singh et al., 2017). Iron concentrations among examined genotypes at the first and second sites, respectively, ranged from 19–235 mg/kg (mean 117 mg/kg) and 16–255 mg/kg (mean 91 mg/kg) in another study with 83 genotypes. According to Gupta et al. (2020), the zinc content at the first location ranged from 5-134 mg/kg (mean 44 mg/kg) to 12-59 mg/kg (mean 29 mg/kg) at the second location.

Therefore, addressing the issue of micronutrient deficiency requires a comprehensive approach on identifying sources with high concentrations of iron and zinc. In order to (1) determine iron and zinc concentrations and (2) identify stable urdbean genotypes, the current study was conducted using a broad panel of 59 urdbean genotypes. This will also help to establish the ideal levels of zinc and iron in the next generation of urdbean cultivars.

Materials and Methods
In this study, fifty-nine urdbean genotypes were evaluated using a randomized complete block design (RCBD) with three replications. The experiment was conducted during the kharif season of 2019 at the Regional Agricultural Research Station, Lam, Guntur, Andhra Pradesh, India, located at 16.10°N latitude, 28.29°E longitude, and an altitude of 31.5 meters. The region is characterized by a mean annual rainfall of 905 mm and deep black soil with a pH of 7.4 and electrical conductivity (E.C) of 0.16 m.mhos/cm.
Standard agronomic practices recommended for the region were followed to ensure healthy crop growth and minimize pest and disease incidence. Each genotype was sown in two rows, each 4 meters long, with a spacing of 30 cm between rows and 10 cm between plants within rows. Harvesting was carried out at physiological maturity.
From each plot, five plants were randomly selected, and their seeds were threshed individually. These seeds were then washed with distilled water and dried in a hot air oven. Once dried, the seeds were ground to a fine flour using a sterile pestle and mortar, ensuring that the equipment was cleaned between samples to avoid cross-contamination. Subsamples of 100 grams were taken from the five-plant composite sample for each genotype, across all three replications for each year. From these, a single representative sample was extracted for the analysis of iron, zinc, and protein content.
Fe and Zn Extraction and Quantification 
The total concentrations of Fe and Zn were determined through the wet-acid digestion of dried samples using a diacid mixture of HNO3 and HClO4 in a 4:1 ratio, following the methodology outlined by Piper (1966). The resulting digested and filtered solution was subsequently analyzed using atomic absorption spectrophotometry (AAS), as described by Page et al. (1982). The total nitrogen content was assessed using the micro Kjeldahl method, in accordance with Westerman (1990). The mineral concentrations were reported in mg/100g, while protein content was expressed as a percentage. This experiment was carried out in the Soil Science laboratory of the Department of Soil Science at RARS, Lam.

Statistical analysis
The combined data were examined through standard analysis of variance (ANOVA), and comparisons among treatment means were conducted. Analysis of variance revealed significant differences between 59 genotypes for qualitative traits indicating that the material has considerable variation for enhancing scope for selecting better genotypes with  desirable aspects.

Results and Discussion
Micronutrient malnutrition, especially the lack of iron (Fe) and zinc (Zn), remains a significant global health issue. It impacts over 2 billion people around the world (Huang et al., 2020). These deficiencies are often called "hidden hunger" because they can occur even when people have enough calories to eat. Pulses, particularly blackgram (Vigna mungo L. Hepper), offer a great opportunity to tackle this problem. They provide both a source of dietary protein and a supply of essential micronutrients. Blackgram grains have about 18 to 28% protein and significant amounts of iron and zinc. This makes them important for breeding programs focused on nutrition. Therefore, finding nutrient-rich genotypes is key to biofortification strategies that seek to enhance human health (Velu et al., 2014; Singh et al., 2017).
In this study, 59 blackgram genotypes evaluated during kharif 2019 showed significant differences (P ≤ 0.001) for nutrient traits. This confirms substantial genetic variation among the tested materials (Table 1). The presence of this variation provides the genetic basis for improving crops. Similar findings have been reported in blackgram by Suvan et al. (2020), Singh et al. (2017), Reni et al. (2022), and Yadav et al. (2024). This diversity suggests that there are enough genetic resources within the crop for targeted selection and breeding focused on nutritional traits.
Iron concentration
The iron content in the genotypes varied from 5.4 to 9.2 mg/100 g, with an average of 7.0 mg/100 g (Table 2; Fig. 1). The highest iron concentration was found in IPU-11-6 at 9.2 mg/100 g. This was followed by LBG 885 at 8.9 mg/100 g, LBG 918 and DKU 116 both at 8.8 mg/100 g, and IPU 1702 at 8.6 mg/100 g. These genotypes could be good candidates for iron biofortification programs. In contrast, PU 1541 and WBU 108 each had 5.4 mg/100 g, while DBGV 16 had 5.8 mg/100 g, indicating the lower end of the range.
The range observed in this study is similar with the variability reported by Singh et al. (2017), who noted Iron (Fe) values ranging between 5.1 and 9.5 mg/100 g across diverse blackgram germplasm. The identification of both high and low Iron (Fe) genotypes provides useful material for breeding and also for creating mapping populations to understand the genetic control of micronutrient accumulation.
Zinc concentration

The genotypes' zinc concentrations ranged from 1.9 to 4.0 mg/100 g, with a mean of 2.9 mg/100 g. KU 17-04 and MBG 1070 had the greatest zinc contents (4.0 mg/100 g and 4.0 mg/100 g, respectively), followed by TU 44 and LBG 972 (both 3.8 mg/100 g) and VBG 17-026 (3.6 mg/100 g). On the other hand, VBG 13-003, PU 1541, and LBG 787 had the lowest Zn concentrations, measuring 1.9 mg/100 g, 1.9 mg/100 g, and 1.9 mg/100 g, respectively.

The results show that there is almost a two-fold difference between the highest and lowest Zinc genotypes. This shows that there is scope for genetic improvement. The observed wide variability aligns with the findings of Suvan et al. (2020), who reported significant genetic diversity for micronutrients in blackgram germplasm through molecular markers and phenotypic screening. It is essential to identify contrasting parents with high and low Zn concentrations for subsequent genomic studies, such as QTL mapping and marker-assisted selection.
Protein content
Another important factor that affects the nutritional value and market demand of blackgram is its protein content. The current study found that genotypes like LBG 623, KU 96-7, AKU 1608, ADBG 13023, and DKU 90 had higher protein levels. On the other hand, ADT 5, LBG 885, and IPU 12-5 had protein levels that were not very high. Some genotypes, such as LBG 918 and DKU 116, were found to have high levels of protein, iron, and zinc, which makes them especially good for nutritional breeding.

Previous research has emphasized the correlation between protein and mineral characteristics. Reni et al. (2022) utilized principal component analysis to demonstrate that quality traits such as protein, Fe, and Zn frequently cluster together, indicating the potential for simultaneous selection. Likewise, Yadav et al. (2024) underscored the significance of leveraging genetic diversity for yield and quality traits in blackgram. The present findings validate previous reports and reinforce the argument for integrated breeding methodologies.
Implications for breeding
It is particularly important to identify multi-nutrient-rich genotypes like LBG 918, DKU 116, and IPU 1702 that always did well in Fe, Zn, and protein traits. These genotypes can be used as donors in biofortification programs, which means they can improve nutrition without lowering productivity. On other hand, underperforming genotypes such as PU 1541, VBG 13-003, and ADT 5 can serve as contrasting progenitors in genetic mapping studies to elucidate the inheritance patterns of micronutrient accumulation.
The possibility for focused improvement is shown by the great diversity seen in this study as well as the existence of both superior and inferior lines.The development of nutritionally       enhanced blackgram cultivars can be accelerated by combining phenotypic assessments with molecular marker technologies.These initiatives support global biofortification programs like HarvestPlus and directly combat hunger.
 Conclusion 
The present study demonstrated substantial genetic variability in blackgram genotypes for protein, iron, and zinc contents. Genotypes such as LBG 918, DKU 116 and LBG 972 were identified as nutritionally superior, possessing high concentrations of all three traits. These genotypes serve as promising parents for developing biofortified cultivars aimed at addressing hidden hunger in resource-poor populations. Variability can be exploited for marker-assisted selection, QTL mapping, and nutritional breeding.
Promoting these nutrient-dense blackgram varieties will help enhance dietary diversity, reduce micronutrient malnutrition, and support long-term nutritional security in developing regions. The current study reveals a considerable range of variability in iron (9.2 mg/100g to 5.4 mg/100g), zinc (4.0 mg/100g to 1.9 mg/100g), and protein (23.8% to 17.30%) among different genotypes.
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Table 1 Analysis of variance for biochemical characters studied in blackgram Vigna mungo (L.) Hepper)

	

	
	Mean of Squares

	
	DF
	Protein
	Iron
	Zinc
	SYPP

	
	
	Mean of Squares

	
	DF
	Protein
	Iron
	Zinc
	SYPP

	Block
	4
	0.06
	0.02
	0.01
	0.33

	Entries
	58
	2.93***
	0.96***
	0.30***
	4.09***

	Checks
	3
	10.65***
	0.19***
	1.16***
	21.85***

	Varieties
	54
	2.55***
	1.01 ***
	0.23***
	2.30***

	Checks vs. Varieties
	1
	0.47
	0.74 ***
	1.53***
	47.30***

	Error
	12
	0.15
	0.01
	0.01
	0.22

	General Mean
	
	21.2
	7.0
	2.9
	9.3

	CV%
	
	17.3
	5.5
	1.9
	6.6




Table 2 : Mean performance of 59 blackgram genotypes for quality traits
	S.No
	Genotype
	Protein
(%)
	Iron
	Zn
	SYPP

	
	
	
	(mg/
100g)
	(mg/
100g)
	(g)

	1
	KU 96-7
	23.4
	8.2
	3.1
	7.8

	2
	MBG 1070
	20.8
	6.8
	4.0
	8.4

	3
	LBG 918
	22.8
	8.8
	3.4
	10.6

	4
	IPU 17-1
	22.4
	7.0
	2.8
	7.9

	5
	DBGV 16
	22.0
	5.8
	3.2
	10.9

	6
	OBG 103
	20.2
	7.9
	2.4
	7.7

	7
	DKU 90
	23.0
	7.1
	2.9
	8.6

	8
	Uttara
	22.4
	6.2
	3.5
	8.8

	9
	VBG 09-005
	21.4
	7.3
	2.4
	8.0

	10
	KPU 52-87
	18.8
	8.3
	3.0
	7.0

	11
	PU 31
	20.3
	6.8
	3.1
	12.8

	12
	KU 17-04
	20.8
	6.8
	4.0
	8.2

	13
	DKU 116
	22.8
	8.8
	3.4
	7.0

	14
	CO 5
	22.4
	7.0
	2.8
	7.4

	15
	GJU 1509
	20.4
	6.8
	3.3
	8.5

	16
	LBG 854
	20.0
	7.0
	3.4
	11.2

	17
	VBG 17-026
	18.0
	7.8
	3.6
	7.4

	18
	VBN -5
	21.4
	8.3
	3.0
	9.2

	19
	OBG 41
	18.8
	6.8
	2.9
	7.4

	20
	VBG 12-062
	20.2
	6.5
	3.0
	9.0

	21
	LBG 623
	23.8
	6.0
	2.4
	8.8

	22
	TU 44
	21.0
	7.0
	3.8
	10.7

	23
	ADBG 13023
	23.0
	8.2
	2.9
	11.4

	24
	AKU 1608
	23.4
	8.3
	3.1
	11.7

	25
	IPU 12-5
	18.8
	6.2
	2.7
	8.1

	26
	VBG 13-003
	20.2
	5.8
	1.9
	8.0

	27
	LBG 904
	20.8
	8.0
	3.2
	14.4

	28
	SBC 50
	22.2
	5.8
	3.0
	8.0

	29
	TJU 134
	21.8
	6.6
	2.4
	7.8

	30
	PU 1541
	22.2
	5.4
	1.9
	8.2

	31
	PU 1501
	22.8
	6.5
	3.0
	9.4

	32
	OBG 102
	19.0
	7.2
	2.7
	8.0

	33
	TBG 129
	20.8
	7.2
	2.9
	12.2

	34
	LBG 776
	21.2
	6.6
	3.0
	9.5

	35
	WBU 108
	19.8
	5.4
	2.3
	8.0

	36
	KPU1720-140
	22.8
	6.0
	2.5
	9.0

	37
	LBG 709
	22.6
	6.2
	2.4
	9.4

	38
	TU 50
	22.0
	7.0
	2.8
	8.4

	39
	LBG 868
	22.8
	8.2
	3.4
	9.5

	40
	TU 40
	19.2
	5.8
	3.4
	9.8

	41
	MU 52
	18.8
	6.0
	2.9
	9.1

	42
	RU 03-22-4
	22.1
	5.8
	2.8
	9.1

	43
	KUG 818
	20.3
	6.0
	2.4
	9.8

	44
	VBG 12-110
	22.2
	6.0
	2.0
	9.0

	45
	NUL 242
	19.0
	6.2
	2.9
	9.0

	46
	ADT 5
	17.3
	7.1
	2.8
	10.0

	47
	ADT6
	22.6
	8.1
	2.8
	8.4

	48
	VBG 17-029
	21.8
	6.2
	2.5
	9.6

	49
	OBG 101
	22.0
	7.5
	2.7
	8.4

	50
	IPU 11-6
	21.2
	9.2
	3.4
	8.0

	51
	IPU 1702
	22.8
	8.6
	3.6
	8.4

	52
	LBG 972
	23.0
	8.0
	3.8
	9.7

	53
	LBG 885
	18.3
	8.9
	3.0
	11.4

	54
	LBG 883
	21.2
	7.2
	3.0
	8.7

	55
	LBG 880
	22.0
	6.0
	3.2
	10.8

	 
	Checks
	
	
	
	

	56
	LBG 787
	22.1
	7.0
	1.9
	10.8

	57
	IPU 2-43
	20.9
	6.8
	3.0
	10.1

	58
	LBG 752
	22.2
	6.9
	2.9
	14.1

	59
	TU 94-2
	19.0
	6.6
	2.8
	6.2

	 
	Overall mean
	21.2
	7.0
	2.9
	9.3

	 
	CV %
	7.4
	13.6
	14.9
	13.4


Table 3: Promising blackgram genotypes identified for quality traits
	Traits
	Blackgram genotypes

	High Fe, Zn and Protein
	LBG 918, DKU 116

	High Fe and Zn
	IPU 1702, LBG 918, DKU 116

	High Fe and Protein
	LBG 918, DKU 116, DKU 1608, KU 96-7, ADBG 13023

	High Zn and Protein
	LBG 972, LBG 918, DKU 116

	High Fe 
	IPU 11-6, LBG 885, LBG 918, DKU 116, IPU 1702

	High Zn
	MBG 1070, KU 17-04, TU 44, LBG 972, VBG 17-026

	High Protein
	LBG 623, KU 96-7, AKU 1608, DKU 90, ADBG 13023

	Low Fe
	WBU 108, PU 1541, RU 03-22-4,TU 40, SBC 50

	Low Zinc
	LBG 787, PU 1541, VBG 13-003, VBG 12-110, WBU 108

	Low Protein
	ADT 5, VBG 17-026, LBG 885, MU 52,IPU 12-5
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Figure 1: Iron, Zinc, Protein content and yield 59 genotypes of blackgram
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