



Effect of Cold Room Storage on the Shelf Life of Bell Pepper (Capsicum annuum L.) 

Abstract:  
Bell pepper (Capsicum annuum L.) is a highly perishable vegetable that experiences rapid moisture loss, wilting, and decay after harvest, resulting in considerable financial losses for growers. Effective storage practices, particularly cold storage, are essential for extending its shelf life and minimizing post-harvest waste. In the present study, fresh and firm bell peppers were procured from the local market in Newasa (Maharashtra) and stored under two different conditions: cold storage at 10°C with 95% relative humidity (RH) and at room temperature. The results revealed that peppers kept in cold storage showed significantly lower weight loss and retained their freshness without signs of chilling injury or disease throughout the storage period. The storage duration of bell peppers in the cold room was found to be 12 days, whereas those stored at room temperature remained marketable for only 3 days. These results clearly demonstrate the efficiency of cold storage in extending the postharvest life and maintaining the market quality of bell peppers compared to storage under ambient conditions. 
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Introduction: 
Capsicum, widely known as pepper, belongs to a diverse subfamily within the Solanaceae family. Sweet pepper has emerged as one of the most important fresh vegetables globally (Oyun and Oyetayo, 2020). Originally native to the Americas, it is now grown globally for its culinary, medicinal, and ornamental importance. The genus comprises several species, including Capsicum annuum, Capsicum frutescens, and Capsicum chinense, which produce fruits that vary greatly in size, shape, color, and level of pungency. Commonly called chili peppers, bell peppers, or sweet peppers, these fruits play a vital role in cuisines around the world, adding both flavor and nutritional value. Capsicum fruits are excellent sources of vitamins, especially C and A, and contain various phytochemicals such as capsaicinoids, carotenoids, and flavonoids. Capsaicinoids, the compounds responsible for the heat in chili peppers, are of particular interest due to their health-promoting properties. They possess anti-inflammatory, antioxidant, and pain-relieving effects and have been associated with lowering the risk of chronic conditions such as heart disease, cancer, and diabetes. Moreover, the pigments in peppers provide antioxidant protection, support immune function, and guard cells from oxidative damage (Wahyuni et al. 2013 ; Akinyemi et al. 2018).  
 Sweet pepper has emerged as one of the most important fresh vegetables globally. However, it is highly perishable and deteriorates quickly during handling and storage due to inadequate postharvest management, resulting in substantial losses (Anonymous, 2003). Capsicum, commonly referred to as sweet pepper, bell pepper, or color capsicum, is a herbaceous plant. With growing consumer demand, many farmers are shifting toward capsicum cultivation because it offers significantly higher profit margins compared to traditional crops. Capsicum is known for its diverse medicinal applications. it is used to address various digestive issues such as intestinal gas, stomach discomfort, diarrhea, and cramps. Additionally, it benefits cardiovascular health by improving blood circulation, reducing excessive clotting, lowering cholesterol levels, and helping prevent heart disease. Other therapeutic uses include relieving toothache, treating seasickness, alcoholism, malaria, and fever, as well as aiding individuals who experience difficulty swallowing. 
Cold storage is one of the most commonly used methods for handling perishable commodities in bulk between production and marketing stages. It serves as an effective technique to maintain perishable goods in a fresh and consumable state for a longer duration by controlling both temperature and humidity within the storage facility. Maintaining an appropriately low temperature is essential, as improper cooling can result in chilling injury to the produce (Emadifar et al. 2025). For bell peppers, cold storage is crucial in minimizing spoilage by slowing down physiological activities, reducing moisture loss and weight decline, maintaining texture and flavor, and preventing contamination by harmful microorganisms. By ensuring proper temperature and humidity control, cold storage effectively prolongs the shelf life of bell peppers, keeping them fresh and marketable for a longer time compared to normal room conditions (Gurav & Sharma, 2019). Additionally, commodities stored together should have similar tolerance levels to temperature, relative humidity, and ethylene concentration within the storage environment. Fruits that produce high levels of ethylene, such as ripe bananas, mangoes, and apples, can trigger physiological changes in ethylene-sensitive crops like capsicum, lettuce, cucumbers, carrots, bottle gourd, potatoes, and sweet potatoes, resulting in undesirable alterations in color, flavor, and texture (Krishnakumar & Dayanandakumar, 2002). However, it is highly perishable and deteriorates quickly during handling and storage due to inadequate postharvest management, resulting in substantial losses. However, many wholesalers, retailers, and producers find it difficult to afford such cold storage practices, which limits their ability to extend the post-harvest shelf life of bell peppers (Najafi et al., 2021; Dalavi et al. 2025). 
Objective: 
1. To evaluate the effect of cold room storage (10°C and 95% RH) on the shelf life and postharvest quality of bell pepper. 
Materials and Methods: 
Freshly harvested bell peppers were collected in the morning from the Newasa vegetable market and transported within one hour to the cold storage unit of New Leaf Dynamic Technologies Pvt. Ltd., situated in Newasa, Ahilyanagar, Maharashtra. Upon arrival, the peppers were sorted and graded to remove any damaged or unsuitable samples. The selected bell peppers were then stored in a cold chamber maintained at 10°C with 95% relative humidity (RH) to provide ideal preservation conditions. A separate 1 kg sample of fresh peppers was kept at room temperature to act as a control for comparison. The remaining peppers were stored under cold conditions. Throughout the storage period, several parameters were observed under both environments, including weight loss (to assess moisture loss and shrinkage), visual quality (shrivelling percentage, color changes), and the presence of disease symptoms or chilling injuries. This comparative study was conducted to assess the efficiency of cold storage in minimizing post-harvest losses while maintaining the quality and extending the shelf life of bell peppers under controlled environmental conditions. Each treatment was replicated three times, and the data obtained for various parameters were statistically analyzed. 
Result and Discussion: 
A. Visual Observations Recorded:  
 
1. Shrivelling percentage: The percentage of shrivelling increased as the storage period progressed. At the initial stage, shrivelling was minimal compared to the later days of storage. Noticeable shrivelling in bell peppers stored under cold conditions was observed from the 12th day onward. Shrivelling is inversely related to shelf life, meaning that as shrivelling intensifies, the fruit’s quality declines. The degree of shrivelling varies among different commodities (Gurav & Sharma, 2019). Increased water loss and rapid surface shrinkage caused by physiological disorders are the most common negative effects observed during the storage of bell peppers (Jha et al., 2002 ; Tiamiyu et al., 2023). 
2. Colour appearance percentage: During the initial days of storage, bell peppers retained a high color appearance percentage, with all samples looking fresh and visually attractive. As storage continued, however, noticeable color degradation occurred under both cold and room temperature conditions, especially after removal from the cold chamber. This progressive fading of color is linked to the natural breakdown of pigments and serves as a major indicator of reduced freshness and market quality. These results are consistent with the findings reported by Gurav and Sharma (2019). 
B. Disease development and the chilling injury inside cold storage: Throughout the storage experiment, bell peppers kept under cold storage conditions showed no signs of disease development or chilling injury. This suggests that maintaining the storage environment at 10°C with 95% relative humidity was effective in preserving the quality of the peppers without causing physiological stress or microbial contamination. These results align with the observations of Gurav and Sharma (2019), who similarly reported the absence of chilling injury and disease symptoms in bell peppers stored under comparable conditions. 
C. Actual Observations Recorded:  
1. Moisture loss percentage of Bell peppers in cold storage conditions and Room temperature conditions 
The data presented illustrate the progressive weight loss of the sample over a 12-day storage period. Initially, the sample weighed 1000 g on day 0, which served as the baseline (100%). By the 4th day, the weight decreased to 978 g, corresponding to 97.80% of the original weight, indicating a 2.20% loss. As storage continued, further reductions were observed, with the weight dropping to 966 g (96.60%) on day 8 and 952 g (95.20%) on day 12. This represents a total weight loss of 4.80% by the end of the 12-day period. The gradual decline in weight may be attributed to moisture evaporation, respiration, and metabolic activities, which are common during storage. These results suggest that storage duration significantly influences weight retention, and maintaining optimal storage conditions is essential to minimize weight loss and preserve product quality. 
The minimum water loss was observed in cold room conditions and the maximum water loss was observed at room/ ambient temperature conditions (Jadhav et al. 2018; Fallik et al. 1995).  
This steady decline indicates that even under cold storage, brinjal undergoes physiological changes that lead to weight reduction. However, the controlled environment helps slow down this process compared to ambient conditions, thus preserving its market quality for a longer time. 
Table 1: Moisture loss percentage of Bell peppers in cold storage conditions (10°C & 95% Relative Humidity): 
	Days 
	Weight in Gram (g) 
	Weight in percentage 
(%) 
	Weight loss in percentage (%) 

	0 
	1000 
	100.00 
	0.00 

	4 
	978 
	97.80 
	2.20 

	8 
	966 
	96.60 
	3.40 

	12 
	952 
	95.20 
	4.80 


 
 
2. Weight loss of fresh Brinjals at Room Temperature:  
The data indicate a continuous decline in sample weight over the 12-day storage period. The initial weight was 1000 g on day 0, considered as the baseline (100%). By the 4th day, the weight decreased to 948 g, representing 94.80% of the original weight and a 5.20% loss. The reduction became more pronounced as storage progressed, with the sample weighing 908 g (90.80%) on day 8 and 860 g (86.00%) on day 12, accounting for a total weight loss of 14.00%. This progressive decrease in weight is primarily attributed to moisture loss through transpiration and respiration, as well as possible metabolic changes during storage. The data suggest that prolonged storage duration leads to significant weight reduction, emphasizing the importance of maintaining controlled environmental conditions to preserve product freshness and minimize post-harvest losses. 
The minimum water loss was observed in cold room conditions and maximum water loss was observed in capsicum at room/ ambient temperature conditions (Jadhav et al. 2018; Fallik et al. 1995 ; Wangmo et al. 2025).  
This data clearly shows that brinjals stored at room temperature deteriorate more rapidly compared to those kept in cold storage. The higher rate of weight loss affects the freshness, texture, and marketability of the produce. 
 
Table 2: Weight loss of fresh Bell peppers at Room Temperature:  
	Days 
	Weight in Gram (g) 
	Weight in percentage 
(%) 
	Weight loss in percentage (%) 

	0 
	1000 
	100.00 
	0.00 

	4 
	948 
	94.80 
	5.20 

	8 
	908 
	90.80 
	9.20 

	12 
	860 
	86.00 
	14.00 


 
 
3. Weight Loss of Bell pepper at Ambient Conditions After taken out of cold room 
The data represent the weight loss of bell peppers stored under cold storage conditions and evaluated after removal at different intervals. Initially, each sample weighed 1000 g, and a gradual reduction in weight was observed over the storage period. After 4 days, the final weight decreased to 962 g, corresponding to a 3.80% weight loss. By the 8th day, the weight further declined to 958 g, indicating a 4.42% loss, and after 12 days, the final weight was 955 g, with a 4.45% loss. These results suggest that cold storage effectively minimizes moisture loss, as the rate of weight reduction remained relatively low and stable even after extended storage. The limited weight loss indicates that low temperature and high relative humidity conditions help reduce transpiration and respiration rates, thereby preserving the freshness, firmness, and overall quality of bell peppers during storage. 
The maximum water loss and reduce the post storage life of brinjal outside the cold room. Similar results was found in fig storage (Jadhav PB, Gurav NP, 2018).  
This data demonstrates that once brinjals are removed from cold storage, their shelf life and quality begin to decline quickly due to accelerated moisture loss and physiological activity. It highlights the importance of maintaining the cold chain until the point of sale or consumption to minimize post-harvest losses. 
 
Table 3: Weight Loss of Bell pepper at Ambient Conditions After taken out of cold room 
  
	Cold storage (Fruit taken out from Cold 
Storage) Days 
	Bell peppers 
	Weight loss in percentage (%) 

	
	Initial Weight (gm) 
	Final weight 
(gm) after 2 days of storage 
	

	4 
	1000 
	962 
	3.80 

	8 
	1000 
	958 
	4.42 

	12 
	1000 
	955 
	4.45 


 
4. Storage and Post storage life: 
Table 4 The data presented highlight the comparative storage performance of bell pepper (Capsicum annuum L.) under different environmental conditions. When stored inside the cold room at 10°C and 95% relative humidity, bell peppers maintained their freshness, firmness, and overall market quality for up to 12 days without showing any signs of shriveling, disease, or chilling injury. After being removed from cold storage, the post-storage life of the peppers at room temperature was observed to be 2 days, during which only slight deterioration occurred. However, when stored directly under ambient conditions, the shelf life was limited to 3 days, after which noticeable wilting, weight loss, and loss of visual quality were observed. 
These findings clearly demonstrate that cold storage significantly extends the storage and post storage life of bell peppers compared to ambient storage. Maintaining low temperature and high relative humidity slows down physiological and metabolic activities, thereby reducing moisture loss and decay. Hence, cold room storage is an effective post-harvest technology for preserving the freshness and marketability of bell peppers for a longer duration. Similar results was found in  Capsicum, Eggplant and Bottle Gourd storage (Gurav & Sharma, 2019). This comparison highlights the effectiveness of cold storage in significantly extending the storage and marketable life of brinjal compared to room temperature conditions (Room temperature was 28°C and 40% RH). 
Table 4: Storage and post-storage life of Commodities Inside Cold Storage  (10°C and 95% RH) and Ambient storage life 
	Commodity 
	Storage Life (Days) Inside Cold Storage 
	Post-storage Life 
(Days) at RT taken out after storage life from cold room 
	Shelf Life (Days) at 
Ambient Conditions 
(28°C and 40 % RH)

	Bell Pepper 
	12 
	2 
	3 


 
Figure 1: Interval Day-wise Photographs 
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Conclusion: 
The storage duration of bell peppers was found to be 12 days when kept under cold storage conditions at 10°C and 95% relative humidity (RH). Throughout this period, no evidence of chilling injury or disease symptoms was observed. The bell peppers maintained their physical and physiological quality with only slight moisture loss. These results suggest that cold storage at 10°C and 95% RH effectively preserves the freshness, firmness, and market quality of bell peppers for up to 12 days, making it an efficient post-harvest storage method. This study provides valuable insights into reducing post-harvest losses in Capsicum annuum by demonstrating the effectiveness of cold storage at 10°C and 95% RH. Extending the shelf life from 3 to 12 days offers significant benefits for farmers and supply chains, especially in semi-arid regions. The findings on weight loss, physiological behavior, and marketability support informed decisions on cold chain investment and handling practices. Overall, the research helps maintain the quality and commercial value of this sensitive, high-value crop.
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Day-0 (Inside Cold Storage at 10°C & 95% RH)
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Day-0 (Inside Cold Storage at 10°C & 95% RH)
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Day-4 (Inside Cold Storage at 10°C & 95% RH)
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Day-8 (Inside Cold Storage at 10°C & 95% RH)
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Day-12 (Inside Cold Storage at 10°C & 95% RH)
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Day-4 (Inside Cold Storage at 10°C & 95% RH)
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Day-8 (Inside Cold Storage at 10°C & 95% RH)
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Day-12 (Inside Cold Storage at 10°C & 95% RH)
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