



Studies on Modified Atmospheric Packaging on Storability of Groundnut Kernels (Arachis Hypogaea L.)
 Abstract 

Seed quality is a key factor in improving both seed production and overall crop productivity. Groundnut, being highly prone to lipid peroxidation, experiences rapid seed deterioration when stored under normal ambient conditions. Additionally, conventional pod storage requires significant space, creating challenges for production and storage infrastructure. Keeping these aspects, the present study explores the effect of modified atmospheric storage on the seed quality and biochemical attributes of groundnut under various packaging conditions. This method involves altering the storage atmosphere by adjusting the levels of carbon dioxide (CO₂), oxygen (O₂), and nitrogen (N₂) to establish a controlled environment, with traditional pod storage used as the control. Harvested groundnut (cv. Dh 256) pods were decorticated and shade-dried to a moisture content of 5.10%, then stored under various modified atmospheric packaging combinations for a period of six months (February 2025 to July 2025). Among the treatments, the gaseous combination T₂ (90% CO₂: 5% O₂: 5% N₂) demonstrated superior performance, recording the highest germination (86.00%), seedling vigour  index I (1720), seedling vigour index II (191), seedling dry weight (2.223 g/ 10 seedlings) at the end of the storage period recording higher dehydrogenase activity (0.418 OD value), catalase activity (1.347 µmol H₂O₂ decomposed min⁻¹ g⁻¹ of protein), peroxidase activity (1.831 µmol cm⁻¹ min⁻¹ g⁻¹ of sample) and lower lipase activity (0.185 meq min⁻¹ g⁻¹ of sample). These findings suggest that modified atmospheric packaging effectively maintains seed longevity by slowing deterioration, thereby preserving kernel quality during extended storage.
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INTRODUCTION

“Groundnut (Arachis hypogaea L.), often referred to as the King of oilseed crops, is believed to have originated in Brazil, South America. It was introduced to India during the first half of the 16th century. Groundnut belongs to the family Leguminosae (Fabaceae) and the subfamily Papilionoideae. The cultivated varieties of groundnut are broadly classified into two major groups: the Valencia or Spanish type (Arachis hypogaea L. subsp. fastigiata) and Arachis hypogaea L. subsp. hypogaea. Groundnut is a unique crop in Indian agriculture, combining the characteristics of both oilseed and legume crops. It is considered a valuable crop, especially in the dry regions of Asia, Africa, Central and South America, Australia and the Caribbean, due to its economic importance and nutritional value. However, maintaining the quality of groundnut kernels after harvest is a challenging and demanding task. Most issues related to seed quality stem from harvesting, storage, and processing practices”. (Vasudevan et al., 2014)

Groundnut kernels are rich in nutrients, containing 22–30% protein and 44–56% oil based on dry seed weight (Savage and Keenan, 1994). Groundnut is recognized as a powerhouse of energy, largely due to its high oil content (48–50%) and substantial protein levels (25–28%) in its kernels. A 100-gram serving provides approximately 567 kcal of energy and 8.5 grams of dietary fiber (Murali and Janila, 2017). During the 2023–2024 period, the global groundnut (Arachis hypogaea L.) cultivation spanned approximately 32.70 million hectares, yielding a total production of 53.90 million tonnes, with an average productivity of 1,648 kg/ha. China was the leading producer, contributing 18.3 million metric tons to global output. In India, groundnut represents a major oilseed crop, both in terms of cultivated area and production. The country recorded the highest global acreage under groundnut cultivation at 4.70 million hectares and ranked second in production with 10.18 m t, achieving a national average yield of 2163 kg/ha (Anonymous, 2024).
Under normal conditions at sea level, the atmosphere contains approximately 78.1% nitrogen, 20.9% oxygen and 0.03% carbon dioxide. Each of these gases plays a specific role in Modified atmospheric packaging. Nitrogen, being inert and odorless, is used mainly to displace oxygen and avoid package collapse. Oxygen, although necessary in limited amounts to suppress anaerobic bacteria, can accelerate spoilage through oxidation and microbial growth, so it is typically kept at low levels. Carbon dioxide has bacteriostatic effects and helps reduce seed respiration, making it a key component in prolonging storage life. While these gases are safe, readily available and cost-effective, their concentrations must be carefully controlled to optimize preservation and minimize any negative effects (Floros and Matsos, 2005).
“Modified atmosphere can be created in various ways: by introducing gaseous or solid CO₂, by adding gases with low oxygen content (such as pure N₂ or gases produced from hydrocarbon burners), or by allowing biological activity within airtight storage to naturally consume O₂ and release CO₂. These conditions are referred to as "high-CO₂", "Low-O₂" or "hermetic storage" atmospheres, respectively, and are collectively termed modified atmospheres (Banks and Fields, 1995). Modified atmosphere storage presents a viable alternative to conventional chemical fumigants and insecticides, which are often associated with carcinogenic residues in treated products” (Bailey and Banks, 1980; Shejbal and Boislambert, 1988).
Keeping in view the above facts the present investigation entitled “Studies on modified atmospheric packaging on storability of groundnut kernels (Arachis hypogaea L.)” 
2. MATERIALS AND METHODS 

The laboratory experiment was conducted in the completely randomized design with three replications between February 2025 and July 2025 at the Seed Testing Laboratory, Seed Unit, and Postgraduate Laboratory, Department of Seed Science and Technology, College of Agriculture, Dharwad. For the study, 500 g of freshly harvested groundnut kernels (cv. DH 256) with a moisture content of 5.10% were packed in 700-gauge polythene bags under different concentrations of CO₂, O₂, and N₂ using the MAC VAC DUO machine, as per the treatment combinations. The packed kernels were stored for a period of six months (February 2025 to July 2025) in the Department of Seed Science and Technology, College of Agriculture, Dharwad. The treatments consisted of varying concentrations of CO₂, O₂, and N₂, as detailed below.

Procedure of modified atmospheric packaging
To assess the impact of modified atmospheric packaging on seed quality parameters and biochemical changes, groundnut kernels were dried to their optimal safe moisture content. They were then sealed in 700-gauge polythene bags containing varied concentrations of CO₂, O₂, and N₂, as per the treatment combinations outlined in Table 1. Packaging was done using the modified atmosphere packaging machine developed by Elixir Technology (refer to Plate 1), Central Institute of Post-Harvest Engineering Technology, College of Agriculture, GKVK, Bangalore. The detailed method for implementing modified atmospheric packaging is presented below.

· Initially the gas cylinders of CO2, O2 and N2 were opened, releasing gas at a pressure of 7 kg per cm². The released gases are filtered by the dust and mist filters (Plate.2 to plate. 3).

· The required combinations of CO2, O2 and N2 were mixed in the digital 3 G gas mixing chamber (Plate. 4 and 5).

· 500 grams of groundnut kernels were weighed and filled in 700gauge polythene bag. The filled polythene bag kept in sealing chamber and closed.

· Later, the gas inlet evacuates the air from the polythene bag and flushes in the required concentration of gases that are mixed in the mixing chamber (Plate. 6).

· Checkmate gas analyzer (Plate.7).

2.1. Influence of Modified Atmospheric Storage on Seed Quality Parameters of groundnut During Storage

Kernels stored under different concentrations of CO2, O2 and N2 gases along with atmospheric air, vacuum packaging, vacuum packaging followed by cold storage and pods storage in ambient conditions were used for analysis of following seed quality parameters monthly for six months of storage. The standard germination test was conducted by adopting between paper method according to ISTA rules for seed testing (ISTA, 2013). The final germination count was recorded on tenth day and percent germination calculated using following formula: 
Seed germination (%) = Number of normal seedlings /Total number of kernels kept for germination × 100 
From the germination test, ten normal seedlings were randomly selected from each treatment in Four replications of on tenth day of germination test and shoot length, root length and seedling dry weight (80 ℃ for 24 hours) were measured. 
The seedling vigour index- I and II was calculated using the formula stated by Abdul Baki and Anderson (Abdul-Baki and Anderson, 1973). 
Seedling Vigour Index I = Germination (%) × [Mean shoot length (cm) + Mean root length (cm)] Seedling Vigour Index II = Germination (%) × Mean seedling dry weight (g/ 10 seedlings)
2.2. Influence of Modified Atmospheric Storage on Enzymatic Activities of groundnut During Storage
Kernels stored under different concentrations of CO2, O2 and N2 gases were used for analysis and the following biochemical parameters were analyzed bimonthly for six months of storage during initial, mid and final months of storage. Dehydrogenase activity was determined by using tetrazolium staining method. The OD value obtained was recorded as the dehydrogenase enzyme activity (Kittock, 1968). Catalase activity was estimated by the decrease in absorbance of H2O2 at 240 nm and expressed as μmol H2O2 decomposed/min/g (Aebi, 1984). Lipase activity was estimated using the procedure of Jayaraman and Jayaraman (1981) and peroxidase activity was estimated using the procedure of Malik and Sing (1980).

3. RESULTS 

3.1 Effect of Modified Atmospheric Storage on Seed Quality Parameters of Groundnut During Storage 

The results of the present experiment revealed that, all the seed quality parameters decreased with advancement of storage period, irrespective of modified atmospheric storage conditions, though the decline varied across the treatments. Seed quality parameters differed significantly in all the months of storage due to modified atmospheric storage and untreated control. As the storage period progressed, seed germination percentage declined under all modified atmospheric packaging conditions, regardless of the treatments applied. Although the rate of decline varied among treatments, the average seed germination decreased from 95.00% at the beginning to 80.62 % by the end of the storage period. The highest germination was observed in kernels stored under the gaseous combination T2: 90% CO₂: 5% O₂: 5% N₂, which recorded 86.00% germination at the end of the six-month storage period which was statistically on par with T1: 100% CO₂: 0% O₂: 0% N₂ (84.67 %). Kernels stored in vacuum packed kernels under cold storage(T13) recorded 83.00% germination, while those kernels stored in vacuum packaging (T12) showed 82.67% germination. In contrast, pods stored in gunny bags under ambient conditions (Control, T14) had a significantly lower germination percentage of 68.67%, followed by T11 (kernels stored in atmospheric air), which recorded 66.67% germination after six months of storage (Table 2).
Table 1. Concentrations of CO2, O2 & N2 used for modified atmospheric packaging

	Sl. No
	Concentration of gases (%)

	
	CO2
	O2
	N2

	T1
	100
	0
	0

	T2
	90
	5
	5

	T3
	80
	5
	15

	T4
	70
	5
	25

	T5
	60
	5
	35

	T6
	0
	0
	100

	T7
	5
	5
	90

	T8
	15
	5
	80

	T9
	25
	5
	70

	T10
	35
	5
	60

	T11
	Atmospheric air (0.03% CO2, 21% O2, 78.97% N2)

	T12
	Vacuum packaging

	T13
	Vacuum packed kernels in cold storage

	T14
	Pods in gunny bag stored at ambient condition(control)
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Plate 1. Overview of modified atmospheric packaging unit
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	Plate 2. CO2, O2, N2 gas cylinders


	Plate 3. Dust, mist and anti-bacterial filters
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	Plate 4. Gas mixing chamber


	Plate 5. Buffer tank used in modified          atmospheric packaging
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	Plate 6. Packaging unit used in modified atmospheric packaging
	Plate 7. Checkmate gas analyzer used in modified atmospheric packaging


The higher shoot length was recorded in kernels stored under the gaseous mixture T2 (90% CO₂: 5% O₂: 5% N₂), reaching 7.83 cm at the end of storage, which was statistically comparable to T1 (100% CO₂: 0% O₂: 0% N₂) with 7.73 cm. Kernels stored in vacuum-packed conditions under cold storage (T13) showed a shoot length of 7.60 cm, while those stored in vacuum alone (T12) measured 7.47 cm. In contrast, pods stored in gunny bags under ambient conditions (Control, T14) recorded a significantly lower shoot length of 6.67 cm, followed by T11 (kernels stored in atmospheric air) with 6.50 cm after six months of storage (Table 3). Similar trend was seen in root length (cm) and seedling dry weight (g) (Table 4 & 5 resp.)
The highest value was obtained from kernels stored in the gaseous combination T2 (90% CO₂: 5% O₂: 5% N₂), which recorded 1720 at the end of storage. This was statistically on par with T1 (100% CO₂: 0% O₂: 0% N₂), which achieved a seedling vigour index‑I of 1637. Kernels stored in vacuum‑packed conditions under cold storage (T13) recorded a seedling vigour index‑I of 1560, while those stored in vacuum alone (T12) measured 1538. In contrast, pods kept in gunny bags under ambient conditions (Control, T14) showed a significantly lower value of 1133, followed by T11 (kernels stored in atmospheric air) with 1087 after six months of storage. Same trend was observed in seedling vigour index II (Figure 1).
3.2 Effect of Modified Atmospheric Storage on Enzymatic Activities of groundnut During Storage.
The enzymes activities viz., dehydrogenase, catalase and peroxidase showed a positive correlation with seed quality during storage. Initially enzymes activities were maximum of 0.657 OD value, 1.446 (µmol H₂O₂ decomposed min⁻¹ g⁻¹ of protein) and 1.960 (µ moles/cm/min/g of seed), while it was reduced to 0.324 OD value, 1.205 (µmol H₂O₂ decomposed min⁻¹ g⁻¹ of protein) and 1.575 (µ moles/cm/min/g of seed) as the storage period progressed, respectively. At the end six months of storage, kernels stored in T2 (90% CO₂: 5% O₂: 5% N₂)recorded maximum enzyme activities which was on par with T1 (100% CO₂: 0% O₂: 0% N₂),, whereas it was minimum in the kernels stored with atmospheric air (T11) followed by pods stored in gunny bags (T14- control) (Table 5- Table 7) and lipase activity increased from 0.162 (meq min-¹ g-¹ of sample) to 0.260 (meq min-¹ g-¹ of sample) at the end of storage period.
Table 2. Effect of modified atmospheric packaging (MAP) on the germination percentage of groundnut kernels (cv. Dh 256) during storage

	Sl.
No
	Concentration of gases

(%)
	Months of storage (Feb 2025- July 2025)

Germination (%)

	
	CO2
	O2
	N2
	1

(Feb)
	2

(Mar)
	3

(Apr)
	4

(May)
	5

(June)
	6

(July)

	T1
	100
	0
	0
	93.00

(74.63)
	91.00

(72.51)
	89.00

(70.60)
	87.67

(69.41)
	86.00

(68.00)
	84.67

(66.92)

	T2
	90
	5
	5
	93.67

(75.40)
	91.67

(73.20)
	90.00

(71.54)
	88.67

(70.30)
	87.00

(68.84)
	86.00

(68.00)

	T3
	80
	5
	15
	91.33

(72.85)
	89.00

(70.60)
	86.00

(68.00)
	84.00

(66.40)
	81.67

(64.62)
	79.67

(63.17)

	T4
	70
	5
	25
	91.33

(72.33)
	88.67

(70.30)
	85.67

(67.73)
	82.67

(65.37)
	80.33

(63.65)
	78.33

(62.23)

	T5
	60
	5
	35
	91.00

(72.51)
	88.00

(69.70)
	84.33

(66.65)
	83.00

(65.62)
	80.00

(63.41)
	78.00

(62.00)

	T6
	0
	0
	100
	92.00

(73.54)
	90.00

(71.54)
	87.33

(69.12)
	85.33

(67.45)
	83.33

(65.88)
	81.33

(64.37)

	T7
	5
	5
	90
	91.67

(73.20)
	89.33

(70.91)
	86.67

(68.56)
	84.67

(66.92)
	82.00

(64.87)
	80.00

(63.41)

	T8
	15
	5
	80
	91.00

(72.51)
	87.67

(69.41)
	85.00

(67.19)
	82.67

(65.37)
	79.00

(62.70)
	77.33

(61.54)

	T9
	25
	5
	70
	90.67

(72.19)
	87.67

(69.41)
	84.67

(66.92)
	82.33

(65.12)
	77.67

(61.78)
	77.00

(61.32)

	T10
	35
	5
	60
	90.33

(71.85)
	87.00

(68.84)
	84.00

(66.40)
	81.33

(64.37)
	77.33

(61.54)
	76.00

(60.64)

	T11
	Atmospheric air

(0.03% CO2, 21% O2,78.97%N2)
	88.67

(70.30)
	84.33

(66.65)
	80.00

(63.41)
	75.33

(60.19)
	72.00

(58.03)
	66.67

(54.72)

	T12
	Vacuum packaging
	91.67

(73.20)
	90.67

(72.19)
	88.00

(69.70)
	86.33

(68.27)
	84.33

(66.65)
	82.67

(65.37)

	T13
	Vacuum packed kernels in cold storage
	92.00

(73.54)
	90.33

(71.85)
	87.33

(69.12)
	86.67

(68.56)
	85.33

(67.45)
	83.00

(65.32)

	T14
	Pods in gunny bag stored at ambient condition (Control)
	89.00

(70.60)
	84.67

(66.92)
	80.33

(63.65)
	76.00

(60.64)
	72.67

(58.46)
	68.67

(55.94)

	Mean

S. Em ±

CD @ 1%
	91.24

(72.75)
	88.57

(70.21)
	85.60

(67.67)
	83.33

(65.88)
	80.62

(63.86)
	80.62

(63.86)

	
	0.40
	0.31
	0.45
	0.33
	0.43
	0.40

	
	1.56
	1.21
	1.74
	1.30
	1.67
	1.56


Table 3. Effect of modified atmospheric packaging (MAP) on the seedling shoot length (cm) of groundnut kernels (cv. Dh 256) during storage

	Sl.
No
	Concentration of gases

(%)
	Months of storage (Feb 2025- July 2025)

[Seedling shoot length (cm)

	
	CO2
	O2
	N2
	1

(Feb)
	2

(Mar)
	3

(Apr)
	4

(May)
	5

(June)
	6

(July)

	T1
	100
	0
	0
	8.25
	8.10
	8.07
	7.97
	7.87
	7.73

	T2
	90
	5
	5
	8.30
	8.27
	8.20
	8.10
	7.97
	7.83

	T3
	80
	5
	15
	8.07
	7.97
	7.87
	7.70
	7.57
	7.33

	T4
	70
	5
	25
	8.03
	7.97
	7.83
	7.67
	7.50
	7.20

	T5
	60
	5
	35
	8.03
	7.93
	7.80
	7.67
	7.50
	7.13

	T6
	0
	0
	100
	8.10
	8.03
	7.87
	7.77
	7.70
	7.40

	T7
	5
	5
	90
	8.07
	8.00
	7.87
	7.73
	7.67
	7.37

	T8
	15
	5
	80
	8.00
	7.90
	7.77
	7.63
	7.43
	7.03

	T9
	25
	5
	70
	7.93
	7.90
	7.73
	7.57
	7.40
	6.83

	T10
	35
	5
	60
	7.90
	7.87
	7.73
	7.57
	7.37
	6.77

	T11
	Atmospheric air

(0.03% CO2, 21% O2, 78.97%N2)
	7.80
	7.73
	7.60
	7.40
	7.27
	6.50

	T12
	Vacuum packaging
	8.13
	8.03
	7.90
	7.80
	7.73
	7.47

	T13
	Vacuum packed kernels in cold storage
	8.20
	8.03
	7.93
	7.80
	7.73
	7.60

	T14
	Pods in gunny bag stored at ambient condition (Control)
	7.87
	7.80
	7.70
	7.53
	7.33
	6.67

	Mean
	8.05
	7.97
	7.85
	7.71
	7.57
	7.20

	S. Em ±
	0.016
	0.058
	0.041
	0.051
	0.036
	0.052

	CD @ 1%
	0.061
	0.226
	0.160
	0.200
	0.139
	0.203


Table 4. Effect of modified atmospheric packaging (MAP) on the seedling root length (cm) of groundnut kernels (cv. Dh 256) during storage

	Sl.
No
	Concentration of gases

(%)
	Months of storage (Feb 2025- July 2025)

[Seedling root length (cm)

	
	CO2
	O2
	N2
	1

(Feb)
	2

(Mar)
	3

(Apr)
	4

(May)
	5

(June)
	6

(July)

	T1
	100
	0
	0
	12.65
	12.15
	12.05
	11.84
	11.75
	11.60

	T2
	90
	5
	5
	12.70
	12.45
	12.40
	12.32
	12.20
	12.17

	T3
	80
	5
	15
	12.25
	11.57
	11.42
	11.20
	11.10
	10.83

	T4
	70
	5
	25
	12.19
	11.47
	11.35
	11.13
	11.08
	10.77

	T5
	60
	5
	35
	12.12
	11.50
	11.33
	11.11
	10.90
	10.67

	T6
	0
	0
	100
	12.30
	11.66
	11.52
	11.30
	10.60
	11.00

	T7
	5
	5
	90
	12.28
	11.65
	11.48
	11.25
	11.10
	10.93

	T8
	15
	5
	80
	12.07
	11.42
	11.28
	11.09
	10.80
	10.47

	T9
	25
	5
	70
	11.89
	11.25
	11.23
	10.94
	10.18
	10.07

	T10
	35
	5
	60
	11.63
	11.04
	10.83
	10.67
	10.13
	10.03

	T11
	Atmospheric air

(0.03% CO2, 21% O2,78.97 % N2)
	12.60
	10.77
	10.51
	10.27
	10.09
	9.80

	T12
	Vacuum packaging
	12.33
	11.68
	11.54
	11.38
	11.24
	11.13

	T13
	Vacuum packed kernels in cold storage
	12.50
	11.87
	11.73
	11.49
	11.35
	11.20

	T14
	Pods in gunny bag stored at ambient condition (Control)
	11.60
	10.87
	10.67
	10.39
	10.08
	9.83

	Mean
	12.22
	11.52
	11.38
	11.17
	10.90
	10.75

	S. Em ±
	0.03
	0.14
	0.17
	0.15
	0.12
	0.16

	CD @ 1 %
	0.12
	0.56
	0.65
	0.57
	0.46
	0.64


Table 5. Effect of modified atmospheric packaging (MAP) on the seedling dry weight (g/10 seedlings) of groundnut kernels (cv. Dh 256) during storage

	Sl.
No
	Concentration of gases

(%)
	Months of storage (Feb 2025- July 2025)

[Seedling dry weight (g)]

	
	CO2
	O2
	N2
	1

(Feb)
	2

(Mar)
	3

(Apr)
	4

(May)
	5

(June)
	6

(July)

	T1
	100
	0
	0
	2.787
	2.763
	2.554
	2.465
	2.409
	2.138

	T2
	90
	5
	5
	2.818
	2.797
	2.612
	2.532
	2.454
	2.223

	T3
	80
	5
	15
	2.467
	2.363
	2.131
	2.097
	2.311
	1.959

	T4
	70
	5
	25
	2.488
	2.438
	2.230
	2.203
	2.306
	1.946

	T5
	60
	5
	35
	2.482
	2.434
	2.139
	2.098
	2.283
	1.934

	T6
	0
	0
	100
	2.513
	2.470
	2.292
	2.251
	2.332
	1.963

	T7
	5
	5
	90
	2.490
	2.440
	2.253
	2.228
	2.313
	1.961

	T8
	15
	5
	80
	2.448
	2.354
	2.119
	2.085
	2.282
	1.928

	T9
	25
	5
	70
	2.409
	2.333
	2.117
	2.059
	2.259
	1.925

	T10
	35
	5
	60
	2.370
	2.314
	2.134
	2.043
	2.257
	1.922

	T11
	Atmospheric air

(0.03% CO2, 21% O2, 78.97% N2)
	2.323
	2.281
	2.082
	2.030
	2.144
	1.846

	T12
	Vacuum packaging
	2.526
	2.499
	2.347
	2.287
	2.341
	1.991

	T13
	Vacuum packed kernels in cold storage
	2.547
	2.510
	2.407
	2.326
	2.342
	2.003

	T14
	Pods in gunny bag stored at ambient condition (Control)
	2.354
	2.310
	2.101
	2.033
	2.177
	1.917

	Mean
	2.502
	2.450
	2.251
	2.196
	2.301
	1.975

	S.Em
	0.02
	0.03
	0.02
	0.03
	0.04
	0.04

	CD @ 1 %
	0.10
	0.12
	0.07
	0.10
	0.15
	0.15


Table 6. Effect of modified atmospheric packaging (MAP) on the total dehydrogenase activity (OD Value) and catalase activity (µmol H2O2 decomposed min-1 g-1 of protein) of groundnut kernels (Dh 256) during storage.

	SL.
No
	Concentration of gases (%)
	Total dehydrogenase activity
	Catalase activity

	
	CO2
	O2
	N2
	2

(Mar)
	4

(May)
	6

(July)
	2

(Mar)
	4

(May)
	6

(July)

	T1
	100
	0
	0
	0.587
	0.490
	0.393
	1.400
	1.337
	1.322

	T2
	90
	5
	5
	0.600
	0.505
	0.418
	1.427
	1.398
	1.347

	T3
	80
	5
	15
	0.543
	0.440
	0.317
	1.354
	1.307
	1.237

	T4
	70
	5
	25
	0.531
	0.428
	0.317
	1.350
	1.296
	1.218

	T5
	60
	5
	35
	0.531
	0.426
	0.315
	1.340
	1.286
	1.202

	T6
	0
	0
	100
	0.532
	0.435
	0.322
	1.369
	1.310
	1.254

	T7
	5
	5
	90
	0.538
	0.440
	0.321
	1.360
	1.307
	1.241

	T8
	15
	5
	80
	0.530
	0.424
	0.308
	1.330
	1.277
	1.180

	T9
	25
	5
	70
	0.525
	0.423
	0.307
	1.323
	1.264
	1.165

	T10
	35
	5
	60
	0.518
	0.421
	0.307
	1.304
	1.248
	1.138

	T11
	Atmospheric air

(0.03% CO2, 21% O2, 78.97% N2)
	0.494
	0.380
	0.259
	1.188
	1.113
	0.890

	T12
	Vacuum packaging
	0.585
	0.468
	0.334
	1.380
	1.318
	1.265

	T13
	Vacuum packed kernels in cold storage
	0.586
	0.470
	0.338
	1.393
	1.328
	1.298

	T14
	Pods in gunny bag stored at ambient condition (Control)
	0.516
	0.417
	0.280
	1.223
	1.168
	1.119

	Mean
	0.544
	0.441
	0.324
	1.339
	1.282
	1.205

	S.Em ±
	0.007
	0.007
	0.007
	0.010
	0.021
	0.012

	CD @ 1 %
	0.029
	0.028
	0.027
	0.038
	0.083
	0.046


Table 7. Effect of modified atmospheric packaging (MAP) on lipase activity (meq min-¹ g-¹ of sample and peroxidase activity (µ moles/cm/min/g of seed) of groundnut kernels (Dh 256) during storage

	SL.
No
	Concentration of gases (%)
	Lipase activity
	Peroxidase activity

	
	CO2
	O2
	N2
	2

(Mar)
	4

(May)
	6

(July)
	2

(Mar)
	4

(May)
	6

(July)

	T1
	100
	0
	0
	0.189
	0.191
	0.201
	1.863
	1.826
	1.753

	T2
	90
	5
	5
	0.169
	0.174
	0.185
	1.927
	1.888
	1.831

	T3
	80
	5
	15
	0.210
	0.229
	0.260
	1.770
	1.699
	1.607

	T4
	70
	5
	25
	0.214
	0.234
	0.270
	1.723
	1.637
	1.539

	T5
	60
	5
	35
	0.216
	0.235
	0.274
	1.712
	1.626
	1.525

	T6
	0
	0
	100
	0.206
	0.223
	0.227
	1.841
	1.785
	1.703

	T7
	5
	5
	90
	0.209
	0.226
	0.232
	1.803
	1.734
	1.644

	T8
	15
	5
	80
	0.186
	0.214
	0.262
	1.700
	1.615
	1.510

	T9
	25
	5
	70
	0.185
	0.212
	0.266
	1.673
	1.573
	1.468

	T10
	35
	5
	60
	0.180
	0.225
	0.268
	1.620
	1.507
	1.401

	T11
	Atmospheric air

 (0.03% CO2, 21% O2, 78.97%N2)
	0.254
	0.318
	0.400
	1.608
	1.464
	1.351

	T12
	Vacuum packaging
	0.211
	0.220
	0.232
	1.826
	1.752
	1.664

	T13
	Vacuum packed kernels in cold storage
	0.198
	0.206
	0.218
	1.827
	1.772
	1.683

	T14
	Pods in gunny bag stored at ambient condition (Control)
	0.235
	0.282
	0.347
	1.610
	1.481
	1.370

	Mean
	0.205
	0.228
	0.260
	1.750
	1.669
	1.575

	S.Em ±
	0.004
	0.005
	0.006
	0.021
	0.026
	0.032

	CD @ 1 %
	0.014
	0.020
	0.023
	0.081
	0.102
	0.125


4. DISCUSSION

Under modified atmospheric storage conditions, storing kernels in environments with reduced oxygen and elevated carbon dioxide concentrations has been shown to significantly enhance the preservation of seed viability over time. The variations in seed storability are largely influenced by the composition of gases, with the treatment T2 (90% CO₂ + 5% O₂ + 5% N₂) showing the highest germination rates throughout the storage period. Increased levels of carbon dioxide, coupled with reduced oxygen, help sustain seed germination by slowing down metabolic activities, thereby extending seed viability (Mussi, 2005). Research in groundnut has demonstrated that storing kernels in oxygen-depleted environments helps retain germination potential, likely due to the suppression of oxygen-dependent enzymatic reactions. This suppression enables more efficient mobilization of stored seed reserves during germination and seedling establishment (Ludwig et al., 2021). These results align with the findings of Capilheria et al. (2019), Raghupathi et al. (2021), Bhattarai et al. (2023) and Muhammed et al. (2025). In the current study, groundnut kernels stored under high CO₂ and low O₂ conditions showed superior performance in terms of seedling growth, seedling dry weight and vigour during storage. Storage in CO₂-enriched environments using moisture-proof containers preserved seed vigour effectively, even after 3 to 5 years under ambient conditions. Modified atmospheric storage using carbon dioxide proved more effective than traditional air-tight storage in maintaining seed health and vigour over prolonged periods (Doijode, 2006). Copeland (1985) highlighted the adverse effects of seed ageing, including membrane damage, accumulation of harmful metabolites, enzymatic activity reduction, lipid peroxidation, and impaired cellular repair mechanisms. These physiological deteriorations can lead to genetic instability, lower productivity, and complete loss of germination capacity. In groundnut, kernels stored in regular atmospheric air are highly susceptible to oxidative damage due to the high oxygen content. This promotes auto-oxidation and lipid peroxidation, leading to the formation of free radicals and hydrogen peroxide that damage cellular structures, resulting in reduced viability and seedling vigour. Oxidative stress is a key factor in this decline, as it generates reactive oxygen species (ROS) which, in turn, trigger lipid peroxidation and the production of toxic aldehydes like malondialdehyde (MDA) and 4-hydroxynonenal (HNE). These byproducts interfere with cellular metabolism and reduce ATP synthesis, which is essential for seedling growth (Islavath, 2022). Comparable observations have been reported by Anuja et al. (2014), Divya et al. (2016) and Gayathri et al. (2024). Kernels possess inherent enzymatic and non-enzymatic antioxidant systems that play a crucial role in extending seed longevity by counteracting oxidative damage. Generally, ageing leads to a decline in metabolic functions and an increase in catabolic activities. As kernels deteriorate during storage, significant alterations occur in the activity and levels of enzymes responsible for mobilizing stored nutrients (Vasudevan et al., 2014) and Parameswari et al. (2025). The improved retention of seed vigour and viability observed under modified atmospheric storage clearly supports a strong link between seed germination and enzymatic activity. Similar trends have been reported by Bera et al. (2004), Manjunatha et al. (2016), Punithavathi et al. (2023), and Madhu Chalgeri et al. (2024), further validating the benefits of controlled atmospheric conditions in enhancing seed storage outcomes.
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Fig. 1. Influence of modified atmospheric packaging (MAP) on seedling vigour index I and seedling vigour index II of groundnut (cv. Dh 256) at the end of 6th month of storage
5. CONCLUSION

Modified atmospheric storage (90% CO2, 5% O2, and 5% N2) significantly preserved groundnut seed quality and enzyme activity over six months. This gaseous mixture had a profoundly positive impact on maintaining kernel quality and vigour. The study confirms that high CO2 and low O2 levels in modified atmospheric storage effectively minimize seed deterioration, making it an ideal method for preserving groundnut kernel longevity. 
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