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 This research was conducted to evaluate the effect of different packaging materials on the 

shelf life and banana quality (cv G9) at the laboratory, Campus of Live Sciences, Tulsipur, Dang, 

Nepal. The different packaging materials were used as high-density non-perforated polyeth-

ylene bags, low-density non-perforated polyethylene bags, low-density perforated polyeth-

ylene bags, fiber bags, jute bags, paddy straw with cardboard, and a control treatment (in open 

trays). The research was conducted in a completely randomized design (CRD) with three repli-

cations. The bananas were packed in different packaging materials after being treated with a 

250 ppm ethephon solution. Parameters such as peel color, physiological weight loss, pulp-to-

peel ratio, total soluble solids (TSS), titratable acidity (TA), and Benedict test were assessed at 

two-day interval. Analysis of variance (ANOVA) showed highly significant differences for all 

the recorded parameters except TA. Unpackaged fruits lost 22.92% of their weight, while 

fruits packed in high-density non-perforated polythene (HDNP) and low-density  

non-perforated polythene (LDNP) bags lost 13.27% and 6.15%, respectively. Peel colour  

development from green mature to yellow was observed first in bananas packed in  

low-density perforated polyethylene (LDPP) bags followed by open trays, jute bags, and paddy 

straws. The lowest pulp-to-peel ratio was observed in HDNP and LDNP bags. It can be  

concluded that packaging bananas in high-density and low-density non-perforated polyeth-

ylene bags resulted in longer shelf life. The sweetness, aroma, and mouthfeel of bananas in jute 

bags, fiber bags, and paddy straws were highly accepted. Thus, LDPP bags were found  

effective in early ripening and uniform yellow colour development on bananas. 
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INTRODUCTION 

 

The name ‘banana’ is derived from the Arabic word ‘banana’ 

which means ‘finger’ (Boning, 2006). The term “banana” general-

ly includes several species and hybrids that are in the genus  

Musa in the Musaceae family. Based on the basic chromosome, 

Musa is divided into four sections: Australimusa and Callimusa, 

which have n=10, and Eumusa and Rhodochlamys, which have 

n=11 (Cheeseman, 1947). Banana has both wild and cultivated 

genotypes with considerable genetic diversity and a wide range 

of morphological characteristics. Most commercially cultivated 

bananas are triploids (2n=3x=33) with the genome of AAA, 

AAB, and ABB originating from polyploidization and interspe-

cific hybridization of the two diploid species M. acuminate and  

M. balbisiana (Pua, 2015). Bananas are among the largest herba-

ceous plants, with pseudo-stems reaching heights of 2-8 m in 

cultivated varieties and up to 10-15 m in some wild species 

(Eldad & Deborah, 2016). These plants are primarily found on 

the margins of tropical rainforests (Wong et al., 2002;  

Heslop-Harrison & Schwarzacher, 2007). Based on the  
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geographical situation of Nepal, bananas can be cultivated from 

the Terai region to the mid hills, at altitudes up to 1500 masl, 

where frost does not occur usually (Gautam & Dhakal, 1991).  

Banana is an ideal fruit for athletes and manual workers (Stein  

et al., 1972; Dunford, 2006). According to 2016 export figures, 

the banana industry generates around 8 billion USD per year 

(FAOSTAT, 2017). Banana production in Nepal was 278,890 

tons in 2019, up from 44,800 tons in 2000, growing at an  

average annual rate of 10.82% (Knoema, 2020). Bananas are 

categorized as climacteric fruits. They do not ripen early and 

uniformly on the plant, so they are harvested when green and 

fully mature (Bal, 2014). Bananas are usually harvested at the 

pre-climacteric stage, and for commercial purposes, they are 

artificially ripened. (Maduwanthi & Marapana, 2019). Ripening 

is the final stage of the development of fruit, involving a series of 

physiological and biochemical events that lead to changes in 

colour, flavour, aroma, and texture making the fruit both attrac-

tive and tasty (Singal et al., 2012). It is a natural process that 

makes the fruit edible.  The climatic fruits become sweeter, less 

green, and softer as it ripens after harvested from plants. During 

ripening process both acidity and sweetness rise, although the 

fruits still taste sweeter (Rahman & Chowdhury, 2008).  

Ethylene is a crucial plant hormone that regulates and coordi-

nates the different aspects of the ripening process, including 

colour development, aroma production, and texture changes 

(Klee & Giovannoni, 2011). Ethylene plays a major role in the 

ripening of the fruits by coordinating the expression of the 

genes responsible for the conversion of starch to sugar, aroma 

production, and increasing the activity of cell wall degrading 

enzymes (Abeles & Morgan, 1992; Gray et al., 1994). Physiologi-

cal changes during ripening include pigment and sugar accumu-

lation, aromatic compound production, and flesh softening 

(Gapper et al., 2013). The physiological change during ripening 

differs from variety to variety (Moreno et al., 2021). Colour is an 

important indicator of ripening and influences consumer accept-

ability, as consumers usually judge the banana's quality based on 

visual assessment (Hou et al., 2015). Change in the colour of a 

banana is the first visual indicator of ripening and is used for 

determining fruit quality (Thompson, 2003).  

Post-harvest treatments and varieties cause significant varia-

tion in total soluble solids (TSS) content during storage (Akter  

et al., 2013). Various packaging materials have been tested over 

the years which have produced inconsistent results. Appropri-

ate packaging is necessary for efficient handling (Abdul-

Rahaman et al., 2017). Packaging is an important postharvest 

handling practice for bananas. From harvesting to final con-

sumption, banana quality decreases, leading to considerable 

waste. This loss can be kept at a minimum by improving packag-

ing materials or by improving traditional packaging practices 

(Hailu et al., 2012). Packaging isolates the product from its  

external environment and reduces exposure to pathogens and  

contaminants, thereby extending shelf life (Mir & Beadey, 

2004). Bananas packaged in polyethylene bags showed longer 

shelf life and maintained the chemical qualities better than 

those packaged in dried banana leaves or teff straw (Hailu et al., 

2012). Proper storage, handling, and marketing techniques can 

be devised by studying the fruit’s shelf (Dadzie & Orchard, 

1997). Many investigations have been conducted on the post-

harvest handling of bananas, however, very few studies have 

been published on the effect of packaging materials on ripening 

and shelf-life behavior in bananas. This research aims to provide 

insights into effective packaging methods for small-scale farm-

ers and evaluate the efficacy of different packaging materials on 

banana ripening and shelf life. 

 

MATERIALS AND METHODS 

 

An experiment was conducted in the horticulture laboratory at 

the Campus of Live Sciences, Tulsipur, Dang. Materials used 

included non-perforated low-density polyethylene bags,  

non-perforated high-density polyethylene bags, fiber bags, jute 

bags, paddy straw, refractometer, weighing balance, grinding  

machine, cardboard, and other lab equipment. Chemicals used 

included NaOH, Benedict reagent, Phenolphthalein, and 

Ethephon. Bunch of unripe bananas (G9 variety) was brought to 

the campus laboratory from the market. The bunch of was divid-

ed into three sections: the top portion, the middle portion, and 

the bottom portion. Hands were detached from each portion, 

and each portion was assigned to a replication to reduce the 

bias. Bananas of uniform size with green peel color were select-

ed for our study. Individual fingers were detached and damaged 

fruits were eliminated. The fingers were left for 1 hour to dry the 

latex. Then, the fingers were dipped in 250 ppm ethephon solu-

tion for a minute which was prepared by adding 2.5 ml of 

ethephon in 10 litters of water. Then, the dipped fingers were 

left in the shade to dry for 15 minutes. 7 unripe treated fingers 

were kept in packaging materials according to their treatment. 

The maximum temperature recorded in the lab was 30.2°C and 

the minimum temperature was 15°C. The experiment was  

conducted using a Completely Randomized Design (CRD). CRD 

is the simplest experimental design in which treatments are  

replicated but not blocked, meaning they are assigned in a com-

pletely random manner. The design included 7 treatments with 

3 replications each. After data collection, the data were tabulat-

ed in Microsoft Excel 2013. The mean values of the data for  

different parameters recorded in the study were analysed using 

R-Stat software. Data were subjected to analysis of variance 

(ANOVA) to evaluate the significance of treatment effect. Mean 

of each other within the parameter will be compared by  

Duncan’s Multiple Test (DMRT) 5% level of significance. 

 

Parameters evaluated 

 

Color analysis: Peel color changed from green to yellow and 

from yellow to brown. This was measured by visually matching 

the peel color against a color chart. Observations were made at 

two-days interval. 

 

Physiological weight loss: Banana fingers were weighed using a 

digital balance. Every two days, weight measurements were 
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taken before and after separating the sample. Weight loss  

percentage was calculated as follows: 

 

 

Where, Wi = Initial weight; Wf = Final weight 

 

Titratable Acidity (TA): The acidity of a banana was measured 

through titratable acidity. The banana sample was crushed and 

filtered through muslin cloth to obtain the banana juice. 10 ml of 

banana juice was taken on a conical flask and then 3-5 drops of 

phenolphthalein was added as an indicator. The juice was titrated 

with 0.1N NaOH solution until the indicator changed to a pink 

color, and the titration volume was recorded from the burette. The 

TA is expressed as citric acid using the following formula: 

 

 

 

Benedict’s test: Reducing sugar was estimated by using Bene-

dict’s reagent. A sample from each treatment was selected and 

crushed. 2.5 ml of crushed fruit pulp were taken on the test tube 

and 5 ml of benedict reagent was added on each test tube and 

test tubes were placed on a boiling water bath for 5 minutes to 

develop a color. Color development ranged from green, yellow, 

orange, to red (brick red) based on the sugar content. 

 

Softening starting days and shelf life: Softening was simply  

observed by pressing the bananas with fingers. It was done  

gently to avoid external injury to the fruit. The shelf life of the 

commodity was determined by assessing its condition, including 

color, softness, and aroma. 

 

Total Soluble Solid (TSS): Total Soluble Solid content was  

recorded using a hand refractometer. Crushed fruit pulp (1-2 

drops) was placed on the prism of the refractometer and the 

readings were observed through the eyepiece. The prism was 

washed with distilled water and dried with tissue paper  

between samples. The refractometer was standardized against 

distilled water (0% TSS). 

 

Pulp peel ratio: Banana pulp was separated from the peel  

manually. Separate weights of the peel and pulp were taken at 

different stages of ripening from their respective samples. The 

pulp-peel ratio was calculated as follows: 

 

 

 

Marketability: The relationship between different packaging 

materials and the marketability of bananas was analysed in 

1,3,5,7,9,11 days.  

 

RESULTS AND DISCUSSION 

 

Color analysis and Physiological loss in weight (%) 

The interrelationship between different packaging materials 

and the peel color change of bananas was found to be highly 

significant. Colour analysis of the fruits, a basic criterion for 

evaluating fruit ripening, was done by visually matching the peel 

color against a colour chart. The faster color change was  

observed in bananas packed in low-density perforated polyeth-

ylene bags i.e. 7 at the 7th day of ripening followed by those in 

open tray, paddy straw, and jute bag. The lowest color develop-

ment was observed in bananas packed in non-perforated poly-

ethylene bags i.e., 3.67 on the 11th day on both T1 and T2. On 

the other hand, the highest weight loss was observed in bananas 

placed in an open tray i.e., control treatment. This result agrees 

with previous research indicating that the rate of ethylene pro-

duction and respiration is very high in such conditions (Burg & 

Burg, 1967).  The weight loss in bananas packed in high-density 

and low-density non-perforated bags was found to be lower 

compared to those kept in open trays and perforated polyeth-

ylene poly bags. This finding is consistent with reports by 

Thompson (2001) and Kifle & Birhanu (2020), which noted  

lower physiological weight loss in bananas packed in  

polyethylene bags compared to other packaging materials. 

Table 1. Different treatments used to find their effectiveness in 
the ripening and shelf life of bananas at Dang.  

Treatments   

T1 HDNP bags 
T2 LDNP bags 
T3 LDPP bags 
T4 Fiber bags 
T5 Paddy straw with cardboard 
T6 Jute bags 
T7 Control 

Table 2. Effect of packaging on peel color and physiological weight loss of banana. 

                   Peel color of the banana    Physiological loss in weight (%) 
Treatment   

Day 3 Day 5 Day 7 Day 9 Day 11 Day 3 Day 5 Day 7 Day 9 Day 11 

T1 2.00b 2.00b 3.00b 3.50b 3.67a 0.18d 0.74d 1.55e 3.25c 13.27a 
T2 2.00b 2.00b 3.00b 3.50b 3.67a 0.12d 0.23d 0.43e 2.43c 6.15a 
T3 3.00a 4.00a 7.00a - - 2.06c 3.93c 5.83d - - 

T4 2.67a 3.83a 5.67a 6.67a - 4.68b 8.37b 12.15c 19.31b - 

T5 3.00a 3.67a 6.00a 7.00a - 4.77b 8.44b 12.28bc 19.59b - 
T6 3.00a 4.17a 6.67a 7.00a - 5.13ab 9.23ab 13.48ab 20.92ab - 

T7 3.00a 4.00a 6.00a 7.00a - 5.66a 10.13a 14.77a 22.92a - 
Mean 2.67 3.38 5.33 5.77 3.67 3.23 5.87 8.64 14.74 9.71 

CV (%) 12.13 18.25 22.54 12.55 7.87 10.31 9.64 8.67 7.90 82.9 

LSD (0.05) 0.55 *** 1.05 *** 2.05 *** 1.26 *** 0.65 *** 0.58 *** 0.99 *** 1.31 *** 2.07 *** 18.3 

Means with same letter in column are not significantly different at p = 0.05 by DMRT.  * indicates 5% level of significance, ** indicates 1% level of  
significance, *** indicates 0.1% level of significance, LSD = Least significant difference, CV = Coefficient of variance. 
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Titratable Acidity (TA) and Benedict test 

The interrelationship between different packaging materials 

and TA was found to be non-significant. The TA was higher in 

bananas packed in low-density and high-density non-perforated 

polyethylene bags. Generally, TA values were highest at an early 

stage of storage, indicating that unripe fruits are more acidic 

than ripened ones; thus, ripening results in decrease of acidity. 

Packaging on non-perforated polyethylene bags limits the sup-

ply of oxygen to bananas for respiration, slowing the ripening 

process and leading to higher acidity compared to other treat-

ments. For the Benedict's test, which evaluates reducing sugar 

content, the effect of packaging materials was highly significant. 

Reducing sugar accumulation was higher in bananas stored in 

open trays and fiber bags. This is likely due to the rapid onset of 

the pre-climacteric and climacteric phases and the subsequent 

peaks in starch hydrolysis (Marriot, 1980). 

 

Softening starting days and shelf life 

Softening of fruits indicates the initiation of ripening. The effect 

of different packaging materials on the starting day of softening 

was found to be highly significant. The fastest softening was 

observed in bananas packed in a low-density perforated poly-

ethylene bag (3 days). Softening was observed between 3 to 7 

days across different treatments (Table 4). Shelf life, measured 

by appearance, firmness, shrinkage, weight loss, and other keep-

ing qualities, has been found to be extended by seal packaging 

for many fruits (Ben-Yehoshua et al., 1995) and bananas 

(Krishnamurthy et al., 1985). The effect of different packaging 

materials on the shelf life of bananas was highly significant. The 

shelf life was longest (11 days) for bananas packed in high-

density and low-density non-perforated polyethylene bags, 

while the shortest shelf-life (7 days) was observed in bananas 

packed in low-density perforated polyethylene bags and open. 

Similar results were reported by Abiso et al. (2018). 

 

Total Soluble Solids (TSS) and Pulp peel ratio 

The data revealed an increase in the TSS content of the fruit during 

the ripening period under all treatments. The maximum TSS (17.00°

Brix) was observed in bananas packed in Low-Density perforated 

polyethylene bags. The minimum TSS was observed in bananas 

packed in low-intensity non-perforated polyethylene bags.  Similar 

increases in TSS have been reported by Abdullah et al. (2016) and 

Abiso et al. (2018). The interaction between the treatment and pulp 

peel ratio was highly significant. During the ripening, the pulp peel 

ratio increased gradually. The maximum pulp-peel ratio was found 

in bananas kept in open trays and fiber bags.    

Dipak Giri et al. /Arch. Agric. Environ. Sci., 9(3): 436-441 (2024) 

Table 3. Effect of packaging on titratable acidity and reducing sugar of banana. 

                       Titratable acidity (%)                        Benedict test 
Treatment   

Day 1 Day 5 Day 7 Day 9 Day 11 Day 1 Day 5 Day 7 Day 9 Day 11 

T1 0.288 0.179a 0.206a 0.17a 0.196a 1.2 2.00bc 2.33bc 2.33c 2.67a 
T2 0.288 0.128b 0.171ab 0.164a 0.115b 1.2 1.67c 2.00c 2.67bc 3.00a 
T3 0.288 0.128b 0.140b - - 1.2 3.67a 3.67a - - 
T4 0.288 0.113b 0.157b 0.118a 0.129b 1.2 3.00ab 4.00a 4.00a - 
T5 0.288 0.119b 0.149b 0.138a 0.143ab 1.2 3.00ab 3.33ab 3.67a - 
T6 0.288 0.121b 0.154b 0.134a 0.112b 1.2 3.33a 3.67a 3.33ab - 
T7 0.288 0.153ab 0.149b 0.166a 0.108b 1.2 4.00a 4.00a 4.00a - 
Mean 0.288 0.135 0.161 0.148 0.135 1.2 2.95 3.28 3.33 2.83 
CV (%)   22.17 17.61 22.44 26.48 - 20.41 19.03 16.82 14.40 
LSD   0.051 0.048 0.057 - - 1.03*** 1.07*** 0.97** 0.92 

Means with same letter in column are not significantly different at p = 0.05 by DMRT.  * indicates 5% level of significance, ** indicates 1% level of  
significance, *** indicates 0.1% level of significance, LSD = Least significant difference, CV = Coefficient of variance. 

Table 4. The effect of packaging on softening started days and shelf life. 

Treatment Softening started Days Shelf life (Days) 

T1 6.00a 11.00ab 

T2 6.33a 11.33a 

T3 3.00b 7.00c 

T4 3.67b 9.00bc 

T5 3.33b 9.00bc 

T6 4.00b 8.00c 

T7 3.33b 8.00c 

Mean 4.24 9.05 

CV (%) 23.91 13.64 

LSD (0.05) 1.73*** 2.11** 

Means with same letter in column are not significantly different at p = 0.05 by DMRT.  * indicates 5% level of significance, ** indicates 1% level of  
significance, *** indicates 0.1% level of significance, LSD = Least significant difference, CV = Coefficient of variance. 
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Marketability 

The interrelationship between different packaging materials 

and the marketability of bananas was highly non-significant. 

Marketability decreased with the development of black spots on 

the peel and the onset of rot at the tip of the bananas. The most 

marketable bananas were found in high-density and low-density 

non-perforated polyethylene bags i.e., 46.67 and 43.33 on the 

11th day of ripening. The least marketable banana was those 

packed in perforated polyethylene bags and open trays.  

 

Conclusion 

 

From the above studies, it is evident that among all the treat-

ment options, postharvest packaging of bananas in low-density 

perforated polyethylene bags is excellent for accelerating ripen-

ing. Conversely, packaging in low-density non-perforated poly-

ethylene bags extends the shelf life and post-harvest-longevity. 

Packaging bananas in jute bags, fiber bags, and paddy straws 

maintains the normal shelf life while improving the flavour,  

texture, taste, and overall quality of G9 variety of bananas. 

Based on intended use of bananas, different types of modified 

atmospheric packaging and traditional packaging materials can 

be used. For quick consumption or local market, bananas do not 

necessarily need packaging. However, to prevent external  

injury, bananas can be stored in perforated polyethylene bags. 

For long-term storage, bananas can be packed in the  

non-perforated polyethylene bags. To ensure best quality,  

bananas can be packed in fiber and jute bags. 
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Table 5. Effect of packaging on total soluble solids and shelf life of banana. 

                   Total soluble solids                          Pulp-peel ratio   
Treatment   

Day 1 Day 5 Day 7 Day 9 Day 11 Day 1 Day 5 Day 7 Day 9 Day 11 

T1 2.66 8.83b 10.33c 11.50b 12.17a 1.48 1.67cd 1.90a 1.99c 2.22b 

T2 2.66 6.33c 8.00d 10.67b 11.90a 1.48 1.51d 1.84a 2.27bc 2.18b 

T3 2.66 15.00a 17.00a  - - 1.48 2.11bc 2.89a -s - 

T4 2.66 13.67a 15.16b 16.50a - 1.48 2.15bc 2.70a 3.83a 3.24ab 

T5 2.66 14.83a 15.57b 16.43a - 1.48 2.73a 2.05a 3.32ab 2.77ab 

T6 2.66 14.27a 15.33b 16.20a - 1.48 2.57ab 2.67a 3.73a 3.77a 

T7 2.66 14.00a 15.10b 16.20a - 1.48 2.43ab 2.72a 3.04abc 3.25ab 

Mean 2.66 12.41 13.79 14.48 12.03 1.48 2.17 2.39 3.03 2.88 

CV (%)   6.81 3.99 3.98 6.14 - 15.04 30.25 22.20 21.68 

LSD (0.05)   1.48*** 0.96*** *** 1.67*** - 0.56*** 1.24 1.16** ** 

Means with same letter in column are not significantly different at p = 0.05 by DMRT.  * indicates 5% level of significance, ** indicates 1% level of  
significance, *** indicates 0.1% level of significance, LSD = Least significant difference, CV = Coefficient of variance. 

Table 6. Effect of packaging on the marketability of banana.  

Treatment 
                Marketability of banana 

Day 1 Day 3 Day 5 Day 7 Day 9 Day 11 

T1 100a 100a 100a 100a 63.8a 46.67a 

T2 100a 100a 100a 100a 67.6a 43.33a 

T3 100a 100a 100a 66.0b - - 

T4 100a 100a 100a 71.4b 50ab - 

T5 100a 100a 100a 71.4b 40abc - 

T6 100a 100a 90.47b 69.6b 46.67ab - 

T7 100a 100a 100a 67.8b 20bc - 

Mean 100 100 98.63 78.03 41.15 12.86 

CV (%) 2.74 2.74 4.23 12.07 57.19 102.87 

LSD (0.05) 4.69 4.69 7.13 16.09*** 40.23 22.60*** 

Means with same letter in column are not significantly different at p = 0.05 by DMRT.  * indicates 5% level of significance, ** indicates 1% level of  
significance, *** indicates 0.1% level of significance, LSD = Least significant difference, CV = Coefficient of variance. 
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