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ABSTRACT 

Postharvest losses in guava are largely influenced by improper packaging, which affects fruit quality under 

ambient conditions. Therefore, the present study was conducted to evaluate the effect of different 

packaging materials on physico-chemical characteristics of guava (Psidium guajava L.) at the Department 

of Horticulture, Sindh Agriculture University, Tandojam, during 2015. The experiment was laid out in a 

Completely Randomized Design (CRD) with two varieties, Shimla Gola and Allahabad, and four 

packaging materials viz. wooden crates, paper bags, plastic bags and gunny bags, each replicated three 

times. The fruits were stored at room temperature (24 ± 2°C), and observations were recorded on fruit 

weight, pH, moisture content, total soluble solids (TSS), ash content, and fruit diameter. The results 

revealed that the Allahabad variety significantly performed better in most parameters, showing higher fruit 

weight (115.16 g), moisture content (27.75%), TSS (6.33 °Brix), ash content (0.46%), and fruit diameter 

(2.30 cm) under wooden crates, while the highest pH (5.54) was recorded under gunny bags, compared to 

Shimla Gola. In Shimla Gola, comparatively lower values were recorded; the maximum fruit weight (92.26 

g), pH (5.44), fruit diameter (2.13 cm), and TSS (4.49 °Brix) were observed under paper bags, while 

moisture content (26.64%) was recorded under both paper and gunny bags, and ash content (0.36%) was 

highest under wooden crates. Among packaging materials, wooden crates showed superior performance for 

Allahabad for most quality attributes, while paper bags performed relatively better for Shimla Gola for 

fruit weight, TSS, and fruit diameter. In contrast, gunny bags generally recorded the lowest values for most 

parameters in both varieties. It is concluded that packaging materials significantly influence postharvest 

quality of guava, and the Allahabad variety packed in wooden crates maintained better physico-chemical 

quality under ambient storage conditions. 
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INTRODUCTION 
Guava is widely cultivated in India, Pakistan, Bangladesh, Indonesia, South America, and other tropical 

and subtropical regions (Kumar et al., 2022; Rehman & Khan, 2022). Among the leading guava-producing 

countries, Pakistan holds the second position in terms of production (Ali et al., 2025: Gangappa et al., 2022; 

Khan et al., 2020). The crop has a high adaptability to most agro-climatic conditions and soil types and low 
cost of production and high yield potential, which makes it a highly profitable fruit crop to the growers 

(Roy et al., 2023). Guava is also a significant fruit crop in Pakistan, especially in Punjab and Sindh areas, 

and is consumed locally and exported to other countries (Shah et al., 2022). Guava has a short shelf life, 

being a climacteric fruit, and it is very perishable, although it is of great economic and nutritional value 

(Gill, 2016). Following harvest, the guava fruits experience swift physiological and biochemical 

modifications with a high rate of respiration and ethylene synthesis that stimulate ripening and senescence 

(Deepthi, 2017). The changes cause the fruit texture to become soft, lose their firmness, chlorophyll to be 

degraded, skin color altered, and their nutritional value diminished (Chen et al., 2024). Also, it is highly 

prone to microbial spoilage due to high moisture content in guava, causing high post-harvest losses during 

storage and transportation (Yadav et al., 2022).In developing countries, the problem of post-harvest losses 

of fruits and vegetables is significant, with the loss rate reaching 20-40 percent because of poor handling, 

storage, and packaging (Rajapaksha et al., 2021). Poor management after harvesting fruits does not only 
lower the marketable fruits and vegetables but also the income and the food security of farmers (Tadesse, 

2022). Hence, better post-harvest management practices, especially the packaging is necessary to preserve 

the quality of fruits and prolong shelf life.Packaging is essential in maintaining quality of fresh fruits as it 

helps preserve them against mechanical damages, moisture, and formation of modified atmosphere 

surrounding the produce (Lin et al., 2023). Polyethylene bags, corrugated fiberboard boxes, perforated 

films, and biodegradable packaging have been extensively used as different packaging materials to improve 

storage life and preserve quality properties of fruits (Meti et al., 2024; Yousaf et al., 2024). These 

substances determine the gaseous structure internally (O2, CO2) and consequently the respiration rate, 

ethylene production, and metabolic activities of fruits (Yadav et al., 2022).The application of plastic films 

and modified atmosphere packaging (MAP) has been identified to reduce physiological weight loss, retard 

ripening and retain firmness and nutritional value of guava fruits (Mangararaj et al., 2014). The packaging 
materials also aid in the reduction of external contamination and microbial growth, thus enhancing safety 

and shelf life of the produce (Fadiji et al., 2023). The packaging effectiveness, however, is determined by 

the nature of the material, its ability to allow gases and moisture to penetrate it and by storage conditions. 

The physico-chemical properties of guava such as total soluble solids (TSS), titratable acidity, pH, ascorbic 

acid content, firmness of fruits, and weight loss are significant properties of fruit quality and consumer 

acceptance (Kamboj et al., 2025). Post-harvest handling practices, especially packaging and storage 

conditions, play a crucial role in determining these parameters (Al-Dairi et al., 2021). Proper packaging can 

delay biochemical processes like sugar buildup, acid decadence, and vitamin loss and thus extend the 

quality of fruits (Nagaraj et al., 2026). Despite various research studies carried out on post-harvest 

management of fruits, the efficacy of various packaging material remains to be tested. Appropriate 

packaging material is important to minimize losses after harvesting, preserve quality and improve market 

value of guava fruits. Thus, the current research was carried out to address the impact of various packaging 

materials on physico-chemical properties of guava fruit at ambient storage conditions 

MATERIAL AND METHODS 

Experimental Design and Treatments: The setup of the experiment was based on Completely 

Randomized Design (CRD) and had three replications. The study consisted of two factors: guava varieties 

and packaging materials. Two guava varieties Shimla Gola and Allahabad were tested by applying four 

packaging treatments such as wooden crates, paper bags, plastic bags and gunny bags. Experimental error 

was minimized by randomly assigning all treatments to experimental units. 

Experimental Site and Material: The experiment was carried out in 2015 at the Department of 

Horticulture, Sindh Agriculture University, Tandojam, under laboratory conditions. The samples of half-

mature guava fruits of test varieties were picked from Delhi Farm, Tandojam. The fruits were carried to the 
laboratory with a lot of care to ensure that they were not damaged mechanically.  

Fruit Preparation and Packaging: The gathered fruits were cleaned with distilled water to eliminate dust 

and other contaminants and dried under a muslin cloth. The fruits were washed and sorted in homogenous 

sizes. The fruits were then divided into different groups according to the packaging treatments. The groups 

were packed separately in wooden crates, paper bags, plastic bags, and gunny bags for 5 days (Figure A). 
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Figure (A) 

 

 

 

 

 

 

 

 

 

Storage Conditions: The packed fruits were kept at ambient room temperature (24 ± 2 °C) to determine 
the impact of packaging materials on the quality characteristics of fruits. 

Observations recorded: Data were recorded on various physico-chemical parameters. Fruit weight (g) was 

taken by using a digital weighing balance. Fruit diameter (cm) was measured with the help of a vernier 

caliper. The pH of fruit juice was determined using a calibrated digital pH meter. Total soluble solids (TSS) 

were measured using a hand refractometer and expressed as °Brix. Moisture content (%) was determined by 

the oven-drying method. A known weight of fresh fruit sample was taken and dried in a hot air oven at 70-

80°C until a constant weight was obtained. The moisture content was calculated using the following 

formula: Moisture content (%) = (Fresh weight - Dry weight) / Fresh weight × 100. Ash content (%) was 

determined by the dry ashing method. A known weight of dried sample was placed in a crucible and ignited 

in a muffle furnace at 550-600°C for 4-6 hours until ash was formed. The ash content was calculated using 

the following formula: Ash content (%) = (Weight of ash / Original sample weight) × 100 

Statistical Analysis: The recorded data were subjected to analysis of variance (ANOVA) using software 

Statistix version 8.1. The treatment means were compared using the Least Significant Difference (LSD) test 

at 5% probability level to determine significant differences among treatments. 

RESULTS   

Weight of Fruit (g): Wide variation was noticed pertaining to weight of fruit between varieties and 

packaging material (Fig. 1).The maximum fruit weight (115.16 g) was observed in Allahabad packaged in 

wooden crates followed by plastic bags (96.76 g) and paper bags (91.27 g), respectively.  The fruits of 
Allahabad variety packed in gunny bags showed minimum fruit weight (81.36 g). However, this was not the 

case with Shimla Gola (Fig. 1) with the highest fruit weight (92.26 g) being recorded in paper bags, followed 

by gunny bags (75.91 g) and plastic bags (75.24 g) and lowest fruit weight (75 g) was found in wooden 

crates. Results, however, reveal that packaging materials had different effects on weight retention in both the 

varieties, with Allahabad exhibiting relatively higher fruit weight maintenance when stored in wooden crates, 

whereas, Shimla Gola exhibited higher weight maintenance when packed in paper bags. 

  Figure 1. Effect of different packaging materials on guava fruit weight (g) 
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pH of Fruit Juice: Fruit juice pH of guava varieties was affected by different packing materials and guava 

varieties during storage (Fig. 2).. The results showed that fruits of Allahabad registered the highest pH (5.54) 

when packed in gunny bags, followed by wooden crates (5.48) and plastic bags (5.30), while the lowest pH 

(5.16) was observed in paper bags. In Shimla Gola, the highest pH (5.44) was observed when fruits were 

packed in paper bags, followed by wooden crates (5.23) and plastic bags (5.10), whereas the lowest pH 

(4.86) was recorded in gunny bags. Overall, Allahabad showed comparatively higher pH values under most 
treatments that indicates slightly lower acidity than Shimla Gola during storage under different packaging 

conditions. 

Figure 2.Influence of different packaging materials on guava fruit pH 

 

 

Varieties Treatment T X V 

SE 0.1238 0.175 0.2475 

LSD @ 50% - - - 

Moisture Content (%): Moisture content of guava varieties was affected by different packing materials 

during storage (Fig. 3). Distinct treatment-wise variations were observed in both varieties, indicating 

differences in water retention ability under various packaging conditions. The results revealed that in 

Allahabad, the highest moisture content (27.75%) was recorded in wooden crates, followed by plastic bags 

(26.57%), while the lowest moisture content (25.02%) was observed in gunny bags. In Shimla Gola, the 

greatest moisture content (26.64) was obtained in paper bags and gunny bags and had similar values with 

wooden crates and plastic bags (26.21). Nonetheless, Allahabad had a relatively high moisture retention than 

Shimla Gola with most treatments, which showed good preservation of fruit water content during storage 

under specific packaging material. 

Figure 3.Effect of different packaging materials on guava fruit moisture content (%) 
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Varieties Treatment T X V 

SE  1.2392 1.7525 2.4785 

LSD @ 5%  - - - 

 

Total Soluble Solids (TSS, °Brix): Various packing materials substantially influenced the total soluble 

solids (TSS) of guava fruit juice of both varieties.  . The results indicated that in Allahabad, the TSS was 
highest when fruits were packed in wooden crates (6.33 °Brix), followed by paper bags (5.30 °Brix) and 

plastic bags (5.08 °Brix) and the lowest TSS (4.81 °Brix) was observed in gunny bags.  In Shimla Gola, the 

highest TSS (4.49 °Brix) was observed in paper bags, followed by wooden crates (4.31 °Brix), whereas the 

lowest TSS (3.89 °Brix) was recorded in plastic bags. Taken together, Allahabad maintained comparatively 

higher TSS values than Shimla Gola under most packaging treatments during storage.  

Figure 4.Response of guava fruit total soluble solids (TSS) (°Brix) to different packaging materials 
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LSD @ 5% 0.7365 - 1.4729 

Ash Content (%): Ash content of fruits of both varieties was significantly affected by different packing 

materials during storage (Fig. 5). The results showed that in Allahabad, the highest ash content (0.46%) was 

recorded when fruits were paced in in wooden crates, followed by paper bags (0.41%), while the lowest ash 

content (0.39%) was observed in plastic bags and gunny bags. In Shimla Gola, the highest ash content 

(0.36%) was observed in wooden crates, followed by paper bags (0.35%), whereas the lowest ash content 
(0.30%) was recorded in gunny bags. Allahabad as a whole had relatively high amounts of ash compared to 

Shimla Gola in most packaging materials.  

Figure 5.Influence of different packaging materials on guava fruit ash content (%) 
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Fruit Diameter (cm): The packing materials notably influenced fruit diameter of guava varieties during 

storage (Fig. 6). The findings with regards to Allahabad variety showed that the maximum fruit diameter 

(2.30 cm) was registered when fruits were placed in wooden crates, paper bags (2.16 cm), and plastic bags 

(2.14 cm), and the minimum fruit diameter (2.12 cm) was noted in gunny bags. The maximum fruit diameter 

(2.13 cm) was obtained in paper bags, then plastic bags (2.07 cm) and wooden crates (2.05 cm), and the 

minimum fruit diameter (2.03 cm) was observed in gunny bags. On average, Allahabad had a relatively large 

fruit diameter in comparison with Shimla Gola across packaging materials, demonstrating better genetic 

potential in maintaining the fruit vigour and size during storage.  

Figure 6. Comparative effect of different packaging material on guava fruit diameter (cm) 

 

 

Varieties Treatment T X V 

SE 0.0158 0.0223 0.0315 

LSD @ 5% 0.0338 0.0478 0.0677 

DISCUSSION 

The climacteric nature of guava, high rate of respiration and high moisture loss under ambient conditions has 

contributed to postharvest deterioration and is considered a major challenge in guava. Packaging is important 

in controlling such physiological and biochemical processes by altering the internal microenvironment of the 

fruit. In the current research, the various packaging materials had a major impact on physico-chemical 

properties of guava, indicating that appropriate packaging can effectively  delay the process of quality 
degradation and increase shelf life of fruit. The results of the current study proved that packaging materials 

had a significant impact on the weight of fruits, with noticeable differences recorded between guava varieties. 

Wooden crates were found to be most efficient in preserving higher fruit weight in Allahabad, whereas paper 

bags demonstrated better performance in Shimla Gola, suggesting that varietal characteristics such as peel 

structure and respiration rate play a significant role in determining the response to storage condition (Chen et 

al., 2024). The enhanced weight retention  under applied packaging material can be  associated with reduced 

physiological weight loss,  mainly from low transpiration and respiration processes (Yadavet al., 2022). A 

good packaging provides a favorable microenvironment by controlling humidity and gaseous exchange thus 

reducing loss of moisture (Yadav et al., 2022). Likewise, Yousaf et al. (2024) also found that packaged guava 

fruits can maintain a better quality because of the controlled respiration and less ethylene content. The higher 

performance of wooden crates could be associated with sufficient ventilation, which could prevent 
condensation and excessive respiration (Molla et al., 2023) It is worth mentioning here that performance of 

shimla variety of guava was better when packed in paper bag. This could be attributed to thae fact the use of 

paper bags  probably ensured a modest humidity level, proving beneficial for Shimla Gola. Conversely, the 

reduced weight of the fruit was observed when packed in gunny and plastic bags, respectively. This could be 

attributed to the high loss of moisture and low exchange of gases in gunny and plastic bags respectively 

resulting in high physiological stress and loss of fruit weight respectively.  Marked variation in pH of fruit 

juice was noted in the study, The difference in pH of fruit juice is a biochemical alteration that takes place in 

the storage and was largely dependent on packaging material as well as the varietal difference. In this study 
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the elevated pH of fruit juice was observed in Allahabad when packed in gunny bag and wooden crates, In 

contrast, the rise in pH of fruit juice of Shimla Gola was noticed when fruits were packed in paper bag. This 

reflects different response guava cultivars to packaging environment (Pisciotta et al., 2020). The augment in 
pH is mainly linked with the breakdown of organic acids during respiration resulting in decrease of acidity 

(Teixeira et al., 2016). The comparatively elevated pH recorded in some treatments suggests an accelerated 

metabolic activity and a fast utilization of organic acids during storage (Londaverde et al., 2020). Recent 

research has revealed that packaging materials markedly affect the internal gas environment, regulating 

oxygen and carbon dioxide concentrations, and, thus, influencing respiration rate and acid metabolism (Gull 

et al., 2024). Gunny bags might have facilitated higher respiration rates in the current study leading to greater 

degradation of organic acids, whereas paper bags and wooden crates probably offered more balanced 

microenvironment, resulting in moderate pH changes (Hanani et al., 2023). The moisture content is a major 

factor affecting the freshness and shelf life of fruits and the current study has revealed that it was greatly 

affected both by packaging materials and varieties. Higher moisture retention in wooden crates for Allahabad 

reveals that these packaging material offered favorable microenvironment with sufficient ventilation and 

humidity (Molla et al., 2023). In contrast, Shimla Gola showed greater moisture retention in paper and gunny 
bags, reflecting a different varietal response to moisture regulation. Maintaining adequate moisture is 

essential for delaying senescence and prolongs shelf life, since greater water loss leads to shriveling and 

reduces marketability of fruits (Twede et al., 2014; Anusha et al., 2024). The relative dryness observed in 

gunny bags for Allahabad can be associated with their high porosity, which increases transpiration rate and 

accelerates drying process (Vijayalakshmi, 2017). Conversely, plastic bags may decrease moisture loss but 

restrict gas exchange and cause condensation, resulting in reasonable moisture retention (Hanani et al., 2023). 

These results align with recent research indicating that permeable packaging enhances water loss, while 

materials that retain a balanced internal environment assist maintain moisture and extend shelf life (Qu et al., 

2022).  The total soluble solids (TSS) is key traits that determines sweetness in the fruits and affecting the 

consumer acceptability, is markedly influenced by both packaging material and varieties in the present 

research. Higher TSS noted in wooden crates and paper bags for Allahabad suggest better retention and 
accumulation of soluble sugars  (Twede et al., 2014), while the maximum TSS recorded in paper bags for 

Shimla Gola indicates a comparatively favorable microenvironment for sugar retention  (Panigrahi et al., 

2021). The rise in TSS during storage may be associated with breakdown of complex carbohydrates into 

simple sugars during ripening process (Kaur et al., 2013; Vu et al., 2023). In addition, proper packaging 

environment can regulate respiration and metabolic rate, thus augmenting sugar concentration and preserving 

higher TSS levels (Gull et al., 2024). The findings of present study regarding TSS suggests that both 

packaging material and genetic potential of variety play significant role in determining TSS maintenance 

during storage 

In the current experiment, packaging materials and varieties had a substantial impact on the ash content that 

reflect the mineral composition of fruit. Maximum ash content in both varieties was found when fruits were 

packed in wooden crates; where as lower values of ash content of both varieties were observed in plastic and 

gunny bags. This may be attributed to the fact that improved mineral retention was achieved in wooden crates 
since they might have provided sufficient ventilation with little loss of moisture and thus led to reduce 

metabolic degradation (Siedt et al., 2023). Likewise, Yousaf et al. (2024) also found that proper packaging 

materials are effective in preserving nutrient stability by reducing biochemical losses and preserving fruit 

quality. The relative low ash composition in fruits packed in gunny bags, particularly for Shimla Gola, could 

be attributed to the porous nature of the bags that hastens the process of losing moisture and related mineral 

losses (Bhatla & Kathpalia, 2023; Subedi, 2023). 

The packaging materials and varieties also showed a significant effect on fruit diameter in the current 

study.(Lufu et al., 2024). The larger fruit diameter was noted in wooden crates for Allahabad and in paper 

bags for Shimla Gola that indicated  highly varied response of varieties to packing environment (Lufu et al., 

2024; Pisciotta, et al., 2020).  The improved fruit diameter in wooden crate might have associated with the 

fact that wooden crates may have offered sufficient ventilation with regulation of moisture. Likewise, paper 
bags might have maintained optimum humidity, which helped to preserve the size better during storage. On 

the contrary, the reduced fruit diameter observed in gunny bags might be attributed to their porous nature 

which increases the rate of transpiration, resulting in rapid dehydration and subsequent shrinkage of fruit 

tissues (Giannakourou & Tsironi, 2021; Tucker et al., 2017). The results align with the existing literature that 

indicates that the proper packaging retards the process of structural degradation and assist preserves the 

firmness and size of fruits during storage (Liu et al., 2025).  

  CONCLUSION  

The present research clearly shows that packaging materials significantly affected the postharvest quality of 

guava by influencing the important physico-chemical parameters. Among the tested treatments, wooden 

crates were found to be most effective packaging material especially for the Allahabad variety under ambient 

storage conditions. The paper bags performed relatively better for Shimla Gola for fruit weight, TSS, and 

fruit diameter. In contrast, gunny bags generally recorded the lowest values for most parameters in both 
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varieties Future studies needs to be done by integrating conventional packaging material with latest 

technologies such as usage of edible coatings and modified atmosphere packaging to further extend shelf life 

and improve the quality of guava. 
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