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Biochemical Characterization of Groundnut (Arachis hypogaea L.) Genotypes for Nutritional and Stress-Related Traits
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ABSTRACT 

	Aims: Groundnut (Arachis hypogaea L.) is a valuable oilseed crop recognized for its significant nutritional and industrial importance. It is crucial to comprehend the biochemical makeup of different groundnut genotypes to identify those with enhanced quality and resilience to stress. This study was carried out to assess the biochemical differences among various groundnut genotypes concerning important traits, including total sugar, protein, proline, lipid peroxidation. 
Study design: Randomized Block Design (RBD).
Place and Duration of Study: The laboratory of Department of Plant Molecular Biology and Biotechnology, R.V.S.K.V.V., College of Agriculture, Gwalior (M.P.), kharif 2022.
Methodology: Biochemical analysis was done for four biochemical parameters: total sugar, protein, proline and lipid peroxidation. Total sugar was estimated as per protocol of Dubois et al. (1956), proline as per Bates et al. (1973), Lipid peroxidation by the method given by Hodges et al. (1999). The protein estimation was carried out by using Lowry et al. (1951) method.
Results: Among the evaluated genotypes, TG-87 × KDG-128 exhibited the highest total sugar content, whereas SunOleic-95R recorded the minimum proline concentration. The maximum protein content was observed in Malika × GPBD-4, and the highest lipid peroxidation value was noted in Nithya Haritha × SunOleic-95R. 
Conclusion: The identified groundnut genotypes and hybrids exhibiting superior biochemical and stress-adaptive traits may serve as valuable material for future quality improvement and stress-resilient breeding programs.
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1. INTRODUCTION 

The groundnut, or Arachis hypogaea L., is referred to as "the king of oilseeds." It is a good animal feed and a significant source of oil and protein for human consumption (El-Fouly et al., 2014). Numerous terms, including peanut, monkey nut, wonder nut, poor man's cashew nut, jar nut, hawk nut, kipper's nut, earth chestnut, and ground bean, are used to refer to groundnuts worldwide (Jain et al., 2016; Johnson, 1995). It is a member of the Fabaceae family with subfamily Papilionaceae. It is said to have started in South America, most likely Bolivia (Nwokolo, 1996) or Brazil (Higgins, 1951).
Groundnut is a highly nutritious and energy-dense food, with significant levels of protein (25-30%), oil (45-50%), carbohydrate (20%), good fats, vitamins, and minerals. Additionally, it contains 5% fibre, which has been demonstrated to support digestive health and lower the risk of long-term conditions like diabetes and heart disease (Pramanik et al., 2019; Tomar et al., 2022; Sharma et al., 2023).
Several previous studies have been conducted to evaluate the nutritional composition of groundnut and explore its potential for genetic improvement. Ingale et al. (2011) analysed the protein content in the variety JL-24 and reported a crude protein value of 25.20%. Muniappan et al. (2016) examined the seed protein content and protein banding patterns among widely cultivated groundnut cultivars. Their quantitative and qualitative analyses revealed noticeable variation in seed protein profiles. Among the tested cultivars, CO-6 exhibited the highest protein content, followed by CO-4, TMV-7, ICGV00351, and TG-374, although the overall protein content remained relatively consistent across varieties. Similarly, Shinde et al. (2018) evaluated eight genotypes to assess biochemical parameters such as proline accumulation, soluble proteins, and lipid peroxidation (MDA). Under water stress conditions, all genotypes showed an increase in proline, soluble proteins, and MDA content, with SB-XI, TAG24, and RHRG-6021 demonstrating particularly high proline accumulation, indicating their potential drought tolerance. Recent studies on groundnut biochemical variation have also reported significant differences in nutritional traits among genotypes. For example, Bakayoko et al. (2025) found broad variability in total sugar and protein contents among 16 groundnut accessions, underscoring the diversity in seed biochemical composition that can be leveraged in breeding programs.
These findings highlight the complex biochemical variability present in groundnut and its importance in improving nutritional and stress-related traits. Building upon these earlier studies, the present investigation aimed to further assess quality parameters such as total sugar, proline content, lipid peroxidation, and protein in selected groundnut genotypes.

2. material and methods 
2.1 Experimental Site 

The current research was conducted at the laboratory of Department of Plant Molecular Biology and Biotechnology, R.V.S.K.V.V., College of Agriculture, Gwalior (M.P.), in 2022.

2.2. Experimental Details

The study focused on 34 different genotypes. The genotypes include 6 lines, 4 testers and 24 F1 hybrids. These genotypes were grown in randomized block design (RBD) during the kharif of 2022, in the research farm of R.V.S.K.V.V., College of Agriculture, Gwalior. Tables 1 and 2 provide the lists of parental lines and hybrids, respectively.

Table 1. List of parental lines used in the present study.
	[bookmark: _Hlk218699631]Female (line)
	Source
	Male (tester)
	Source

	[bookmark: _Hlk135413660]Nithya haritha (TCGS 1157)
	RARS, Tirupati
	TG-37A
	BARC, Trombay

	TG-86
	BARC, Trombay
	SunOleic-95R
	DGR, Junagarh

	TG-87
	BARC, Trombay
	GPBD-4 (Vikas)
	DGR, Junagarh

	TG-88
	BARC, Trombay
	KDG-128 (Phule Warna)
	DGR, Junagarh

	Mallika (ICGH 00440)
	Bikaner
	
	

	Gangapuri
	Own (R.V.S.K.V.V, Gwalior)
	
	



Table 2. List of hybrids used in the present study.
	S.No.
	F1 HYBRIDS
	S.No.
	F1 HYBRIDS

	1.
	TG-87 x TG-37 A
	13.
	Gangapuri x TG 37A

	2.
	TG-87 x SunOleic-95R
	14.
	Gangapuri x SunOleic-95R

	3.
	TG-87 x GPBD-4
	15.
	Gangapuri x GPBD-4

	4.
	TG-87 x KDG-128
	16.
	Gangapuri x KDG-128

	5.
	Nithya haritha x TG- 37A
	17.
	TG-86 x TG 37 A

	6.
	Nithya haritha x SunOleic-95R
	18.
	TG-86 x SunOleic-95R

	7.
	Nithya haritha x GPBD-4
	19.
	TG-86 x GPBD-4

	8.
	Nithya haritha x KDG-128
	20.
	TG-86 x KDG-128

	9.
	Mallika x TG-37A
	21.
	TG-88 x TG- 37A

	10.
	Mallika x SunOleic-95R
	22.
	TG-88 x SunOleic-95R

	11.
	Mallika x GPBD-4
	23.
	TG-88 x GPBD-4

	12.
	Mallika x KDG-128
	24.
	TG-88 x KDG-128



2.3 Biochemical estimation for nutritional and stress-related parameters 

Biochemical analysis was done for four biochemical parameters: total sugar, protein, proline and lipid peroxidation. Total sugar was estimated as per protocol of Dubois et al. (1956), proline as per Bates et al. (1973), Lipid peroxidation by the method given by Hodges et al. (1999). The protein estimation was carried out by using Lowry et al. (1951) method.

2.3.1 TOTAL SUGAR ESTIMATION

The total sugar content of the samples was determined using the colorimetric method with anthrone reagent, as described by Dubois et al. (1956). The reagents used in this method included anthrone reagent (2 mg/mL in concentrated sulfuric acid), a standard glucose solution (1 mg/mL; prepared by dissolving 100 mg glucose in 100 mL distilled water), and a working standard solution (100 µg/mL; prepared by diluting 10 mL of the standard solution to 100 mL with distilled water and 5 N HCl).
Approximately 100 mg of fresh sample was placed in a boiling tube and hydrolyzed in a boiling water bath for 3 hours with 5 mL of 2.5 N HCl. After cooling to room temperature, the hydrolysate was neutralized with solid sodium carbonate until effervescence ceased, and the volume was adjusted to 100 mL. The mixture was then centrifuged, and the supernatant was collected. Aliquots of 0.5 and 1 mL were taken from the supernatant for analysis.
For the preparation of standards, 0, 0.2, 0.4, 0.6, 0.8, and 1 mL of the working standard were taken in separate test tubes, and the volume in each tube, including the sample tubes, was adjusted to 1 mL with distilled water. Subsequently, 4 mL of anthrone reagent was added to each tube, and the mixtures were heated in a boiling water bath for 8 minutes, followed by rapid cooling. The resulting green to dark green color was measured at 630 nm against a reagent blank. The sugar content in the samples was calculated from a standard curve prepared using glucose and expressed as mg/g.

2.3.2 Soluble Protein Content Estimation

The soluble protein content of the samples was determined following the method of Lowry et al. (1951). Approximately 1 g of fresh leaf tissue was macerated in a mortar with 5 mL of 0.1 M sodium phosphate buffer (pH 7.0). The homogenate was centrifuged at 16,000 rpm for 20 minutes, and the resulting supernatant was used for protein estimation.
For the assay, solution A was prepared by dissolving 2% anhydrous sodium carbonate in 0.1 N NaOH, and solution B was freshly prepared by dissolving 0.5% copper sulfate pentahydrate (CuSO4·5H2O) in 1% sodium potassium tartrate. Immediately before use, solution C (alkaline copper reagent) was prepared by mixing 50 mL of solution A with 1 mL of solution B.
An aliquot of 0.1 mL of the supernatant was taken in a test tube, and the volume was adjusted to 1 mL with distilled water. Subsequently, 5 mL of solution C was added, mixed thoroughly, and incubated at room temperature for 10 minutes. Then, 0.5 mL of Folin–Ciocalteu reagent (diluted to 1N) was added, mixed well, and incubated in the dark at room temperature for 30 minutes. The absorbance of the resulting blue colour was measured at 660 nm against a reagent blank. The protein content in the sample was calculated using a standard curve prepared with bovine serum albumin (BSA) and expressed as parts per million (ppm).

2.3.3 ESTIMATION OF PROLINE CONTENT

The proline content was estimated following the method of Bates et al. (1973). Approximately 0.5 g of groundnut tissue was crushed in a mortar and pestle with 10 mL of 3% aqueous sulfosalicylic acid, and the homogenate was filtered through Whatman No. 2 filter paper. The extraction was repeated, and the combined filtrates were used for analysis. To 2 mL of the filtrate, 2 mL of acid ninhydrin reagent and 2 mL of glacial acetic acid were added and mixed thoroughly. The reaction mixture was incubated in a boiling water bath for 1 hour and then rapidly cooled in an ice bath to stop the reaction. Subsequently, 4 mL of toluene was added, and the mixture was shaken vigorously for 20–30 seconds. The toluene layer containing the red-colored chromophore was separated and allowed to reach room temperature. The absorbance of this layer was recorded at 520 nm against a reagent blank using a spectrophotometer. The proline concentration was determined from a standard curve prepared with pure proline and expressed as µmol/g fresh weight of the sample.

2.3.4 Lipid peroxidation Estimation
Lipid peroxidation (MDA content) was estimated following the method of Hodges et al. (1999). Approximately 25 mg of groundnut tissue was weighed and homogenized in a mortar and pestle using 500 µL of 0.1% trichloroacetic acid (TCA). The homogenate was vortexed thoroughly and centrifuged at 10,000 rpm for 10 minutes. From the resulting supernatant, 100 µL was transferred to a microcentrifuge tube, and 200 µL of 0.5% thiobarbituric acid (TBA) was added. The reaction mixture was incubated in a water bath at 95 °C for 30 minutes, followed by rapid cooling at –80 °C for 2 minutes to stop the reaction. The tubes were then allowed to reach room temperature and centrifuged again at 10,000 rpm for 10 minutes. The absorbance of the clear supernatant was recorded at 532 nm, with a correction reading at 600 nm to account for non-specific turbidity.

 
3. results and discussion

The 34 groundnut lines were subjected to four different biochemical parameters, including total sugar, proline, lipid peroxidation, and protein. The experimental findings are depicted in table 3. The findings were Similar to previous experiment conducted by Ingale et al. (2011), Muniappan et al. (2016) and Shinde et al. (2018).

[bookmark: _Hlk218855218]3.1 TOTAL SUGAR 

The highest amount of total sugar was observed in TG-87 x KDG-128 (19.90 mg/g), followed by Gangapuri x KDG-128 (16.70 mg/g), Gangapuri x GPBD-4 (16.50 mg/g), TG-86 x TG 37 A (16.40 mg/g) and Gangapuri x SunOleic-95R (16.20 mg/g). And the lowest value for total sugar was observed in Gangapuri (10.10 mg/g). Genotypes exhibiting higher total sugar content may possess enhanced carbohydrate metabolism and energy reserves, which can contribute to better seed vigor and improved tolerance to stress during early growth. Similar associations between sugar accumulation and stress adaptation were also reported in groundnut by Sharma et al. (2023).

3.2 PROTEIN 

In case of protein, the highest value was that of Malika x GPBD-4 (26.90 mg/g), followed by TG-88 x TG- 37A (26.10 mg/g), Mallika x SunOleic-95R (25.40 mg/g) and TG-88 x SunOleic-95R (25.40 mg/g). The lowest amount of protein was found in Nithya haritha x SunOleic-95R (19.50 mg/g). Elevated protein levels indicate higher synthesis of storage and structural proteins, which are essential for seed quality and nutritional value. The variation among genotypes reflects underlying genetic diversity that can be utilized in breeding programs targeting nutritional improvement in groundnut.

3.3 PROLINE 

The maximum amount of proline was found in TG-88 x TG- 37A (16.43 µmoles/g), TG-86 x GPBD-4 (16.13 µmoles/g), Gangapuri x TG 37A (16.20 µmoles/g), TG-86 x KDG-128 (16.05 µmoles/g) and Mallika x GPBD-4 (16.04 µmoles/g). Whereas the lowest was found to be in SunOleic-95R (13.40 µmoles/g). Higher proline content reflects better osmotic adjustment under stress conditions, as proline acts as an Osmo protectant and stabilizes proteins and membranes. Genotypes with elevated proline may therefore exhibit greater resilience to drought and oxidative stress, as previously reported by Shinde et al. (2017). Drought and water deficit conditions have been shown to increase proline and other protective metabolites in groundnut kernels, reflecting metabolic adjustments to stress (Solanki et al., 2024). Such findings align with our results on proline accumulation among genotypes, suggesting that biochemical responses are influenced both by genotype and environmental conditions. 

3.4 LIPID PEROXIDATION

The highest value of lipid peroxidation was estimated in Nithya haritha x SunOleic-95R (0.48 µmoles/g), followed by TG-37A (0.47 µmoles/g), TG-88 x TG- 37A (0.46 µmoles/g) and Mallika x KDG-128 (0.45 µmoles/g). The least value for lipid peroxidation was observed in Nithya haritha (0.20 µmoles/g). Lipid peroxidation, indicated by MDA content, represents oxidative damage in cellular membranes. Lower MDA values in certain genotypes suggest stronger antioxidant defence systems, while higher values indicate susceptibility to oxidative stress. This parameter, therefore, helps identify genotypes with better oxidative stability and stress tolerance.


4. Conclusion

Significant variation was observed among the groundnut genotypes for biochemical traits such as total sugar, protein, proline, and lipid peroxidation. Genotypes TG-87 × KDG-128 and Malika × GPBD-4 exhibited superior nutritional quality, whereas TG-88 × TG-37A showed higher proline accumulation, indicating potential stress tolerance. These findings highlight the genetic diversity available for improving both nutritional and physiological resilience in groundnut breeding programs.

Table 3. Estimation of Biochemical parameters
[bookmark: _GoBack]

	[bookmark: _Hlk217309114]Genotypes
	Total Sugar
(mg/g)
	Protein 
(mg/g)
	Proline
 (µmoles/g)
	Lipid peroxidation
(µmoles/g)

	TG-37A
	12.10
	23.30
	14.20
	0.47

	SunOleic-95R
	10.80
	22.50
	13.40
	0.40

	GPBD-4
	10.60
	22.60
	15.80
	0.38

	KDG – 128
	13.40
	25.30
	14.12
	0.32

	Nithya Haritha
	10.80
	23.00
	15.07
	0.20

	TG-86
	10.90
	24.50
	13.99
	0.28

	TG-87
	10.30
	21.11
	14.80
	0.38

	TG-88
	10.70
	22.80
	14.20
	0.25

	Mallika
	11.90
	22.70
	13.77
	0.24

	Gangapuri
	10.10
	24.70
	15.00
	0.30

	TG-87 x TG 37 A
	13.00
	24.30
	14.90
	0.21

	TG-87 x SunOleic-95R
	12.70
	24.10
	13.53
	0.42

	TG-87 x GPBD-4
	13.10
	22.00
	14.42
	0.40

	TG-87 x KDG-128
	19.90
	23.00
	13.80
	0.44

	Nithya haritha x TG- 37A
	11.10
	20.70
	15.70
	0.37

	Nithya haritha x SunOleic-95R
	10.90
	19.50
	15.40
	0.48

	Nithya haritha x GPBD-4
	12.40
	22.30
	13.45
	0.23

	Nithya haritha x KDG-128
	12.20
	24.50
	13.63
	0.32

	Mallika x TG-37A
	12.70
	20.70
	14.12
	0.23

	[bookmark: _Hlk217328882]Mallika x SunOleic-95R
	11.70
	25.40
	15.89
	0.41

	Mallika x GPBD-4
	10.30
	26.90
	16.04
	0.36

	Mallika x KDG-128
	11.80
	24.10
	14.72
	0.45

	Gangapuri x TG 37A
	10.90
	23.70
	16.20
	0.43

	Gangapuri x SunOleic-95R
	16.20
	22.10
	15.70
	0.36

	Gangapuri x GPBD-4	
	16.50
	20.99
	14.10
	0.34

	Gangapuri x KDG-128
	16.70
	19.80
	15.22
	0.39

	TG-86 x TG 37 A
	16.40
	23.40
	15.40
	0.37

	TG-86 x SunOleic-95R
	10.4
	21.40
	15.24
	0.44

	TG-86 x GPBD-4
	11.00
	21.80
	16.13
	0.41

	TG-86 x KDG-128
	10.50
	22.50
	16.05
	0.42

	TG-88 x TG- 37A
	12.00
	26.10
	16.43
	0.46

	[bookmark: _Hlk217328935]TG-88 x SunOleic-95R
	10.80
	25.40
	15.80
	0.40

	TG-88 x GPBD-4
	10.90
	22.30
	14.49
	0.31

	TG-88 x KDG-128
	11.50
	22.10
	13.59
	0.38

	Mean
	12.27
	22.99
	14.83
	0.36

	Maximum
	19.90
	26.90
	16.43
	0.48

	Minimum
	10.10
	19.50
	13.40
	0.20

	C.V. (%)
	18.70
	7.68
	 6.30
	21.93

	S.E.
	 0.38
	0.29
	 0.16
	0.01

	CD0.05
	 1.07
	0.82
	 0.45
	0.03
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