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The research was conducted to evaluate the effect of different ripening agents (apple, tomato, paddy 

straw, and ethephon) on shelf life and quality of banana under tropical condition with high temperature 

and low humidity. The experiment was carried out in a Completely Randomized Design (CRD), with 

five treatments: one control and four ripening agents. The treatments were as follows: T1 (control), T2 

(apple 130 ±10 gram), T3 (tomato 75±5 gram), T4 (paddy straw 220 gram), and T5 (Ethephon 500 

ppm). Each treatment was replicated four times to ensure statistical validity. A dozen fresh Williams’s 

hybrid bananas were used and ripened in carton boxes for each treatment. Data were recorded on 2nd, 

4th, 6th, 8th, and 10th days for key post-harvest quality parameters such as weight loss (%), firmness, 

pulp-to-peel ratio, specific gravity (SG), total soluble solids (TSS), titratable acidity (TA), days to 

complete ripening, and shelf life. Treatments showed significant differences for most of the 

parameters. Ethephon (T5) induced the fastest ripening (3 days) and the highest pulp-to-peel ratio 

(2.96), specific gravity (1.26), and TSS (18.37°Brix). However, it also had the lowest firmness (0.45 

Newton (N)) and a shorter shelf life (5.75 days). In contrast, paddy straw(T4) delayed ripening (7.5 

days) and maintained the highest firmness (1.82 Newton (N)), with a longer shelf life (11 days), though 

it showed the lowest TSS (14.70°Brix) and specific gravity (1.06). The treatments with the highest 

weight loss (%) were observed in ethephon (43.42%) and apple (37.25%), whereas the controls 

(31.23%) and paddy straw (33.24%) had the lowest.  These findings suggest that Ethephon (T5) is 

most effective in accelerating ripening with improved sweetness but led to higher weight loss and 

softening, whereas T4 offers extended shelf life and better firmness, emerges as a cost-effective, safe, 

and natural alternative for maintaining fruit quality and shelf life. 
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Introduction 

Banana (Musa paradisiaca L.), a member of the 

Musaceae family and commonly referred to as the 'Apple 

of Paradise,' is a major tropical fruit worldwide, with its 

name derived from the Arabic word banan, meaning 

'finger' (Sharma & Kispotta, 2017). Believed to be the 

world's first cultivated fruit, originated around 10,000 

years ago in the humid tropics of Southeast Asia, with India 

recognized as a primary center of origin (Castillo & Fuller, 

2015). Banana is a large, perennial, monocotyledonous, 

and monocarpic herb grown widely in tropical and 

subtropical regions, thriving at 15–35 °C and 75–85% 

relative humidity, and is rich in essential minerals such as 

potassium, phosphorus, calcium, and magnesium 

(Hazarika et al., 2021; Jangam et al., 2023). In 2020, global 

banana cultivation covered 5.20 million hectares with a 

production of 119.83 million tons, reflecting increases of 

24.6% and 72.6%, respectively, since 2001 (Zou & Fan, 

2022). India ranked as the leading banana producer in 2024 

with 30.5 million tonnes, significantly ahead of China 

(10.6 million tonnes), followed by Indonesia (7.3 million 

tonnes) and Brazil (6.8 million tonnes) (Arora, 2024). 

Banana is a major summer fruit crop in Nepal, grown from 

the Terai up to 1,500 m elevation where frost is rare (Bhatta 

et al., 2023; Gautam & Dhakal, 1993). According to 

MOALD (2024), the total production and productivity of 

banana in Nepal are reported to be 404,670 metric tons and 

16.66 metric tons per hectare, respectively and the 

contribution of bananas on Agricultural GDP of Nepal in 

fiscal year 2023/24 is 1.0401%. It has now emerged as the 

fourth most significant fruit crop in Nepal in terms of 

production, following citrus, mango, and apple (Timilsina 

& Shrestha, 2022).  

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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Nepal has officially registered three banana cultivars: 

Malbhog, William Hybrid, and G9 (Gotame et al., 2020). 

Banana, a climacteric fruit, undergoes significant 

physicochemical changes during ripening, a natural 

senescence process that enhances sweetness, flavor, aroma, 

color, texture, and overall palatability (Edogbanya et al., 

2023; Mebratie et al., 2016). After harvest, bananas enter 

the climacteric phase, characterized by a rise in ethylene 

production and cellular respiration. During this stage, 

several physiological and physicochemical changes occur, 

including the conversion of starches into sugars (Hill & ap 

Rees, 1995), enzymatic breakdown of structural 

carbohydrates (Kojima et al., 1994) , and the degradation 

of chlorophyll (Thomas & Janave, 1992). Bananas are 

highly perishable with a short shelf life after maturity, 

posing significant challenges for storage and long-distance 

transportation due to rapid spoilage (Esguerra & Rolle, 

2018; Murmu & Mishra, 2018).  

Banana cultivation is a key contributor to the 

agricultural economy of Nepal and has notably enhanced 

the livelihoods of small scale farmers (Dulal & Kattel, 

2020). However, post-harvest losses remain a critical 

challenge due to limited knowledge and awareness among 

farmers about effective ripening methods (Kunwar et al., 

2024). Farmers commonly utilize both organic and 

chemical ripening agents. Common chemical agents 

include ethylene gas, ethephon, ethylene glycol, ethrel, 

potash ash, and calcium carbide (Singal et al., 2012). In 

contrast, organic alternatives such as African bush mango 

fruit (Irvingia gabonensis), Jatropha curcas leaves, palm 

nut, Cassia leaves, yellow papaya leaves, torchlight 

battery, new Bouldia leaves, ashuro, dhurshilo, apple, 

tomato, and paddy straw are also employed to induce 

ripening (Adewole et al., 2010; Ajayi & Mbah, 2007). 

Among these, apple and tomato are known to release 

ethylene naturally, making them a cost-effective and safer 

alternative for inducing ripening in resource-constrained 

settings (Gandhi et al., 2019; Kumaran et al., 2025; Singal 

et al., 2012). Paddy straw, often used in rural areas, acts as 

a traditional method to trap ethylene gas and create a 

favorable microenvironment for ripening. On the other 

hand, a range of commercial ripening agents such as 

acetylene gas derived from calcium carbide (CaC₂), 

ethephon, propylene, glycol, lamp fuel, and ethanol are 

extensively utilized in fruit ripening practices. These 

agents exhibit varying degrees of effectiveness, and their 

use can significantly influence ripened fruits' quality 

attributes and safety standards (Dhembare, 2013; 

Maduwanthi & Marapana, 2019; Rahman et al., 2014) 

However, its use has raised concerns related to food safety 

and potential health hazards when not used appropriately.  

Despite the commercial importance of banana 

cultivation in Tikapur, Kailali, limited research has been 

conducted on appropriate ripening techniques for the 

Williams hybrid variety, leading to inconsistent ripening, 

diminished fruit quality, and reduced shelf life (Ghimire et 

al., 2024). The lack of adequate postharvest infrastructure, 

including proper storage, packaging, and transportation, 

further exacerbates quality loss and hampers marketability 

(Ruwali et al., 2022). Moreover, the region's hot summer 

climate accelerates postharvest decay, negatively affecting 

the flavor, texture, and overall market value of bananas. 

While natural ripening methods are low-cost, they often 

result in uneven and unpredictable quality. Conversely, 

artificial techniques such as ethylene application, though 

faster, may compromise the fruit's nutritional and sensory 

attributes (Gunasekara et al., 2015). These constraints 

highlight a critical research gap in identifying effective, 

sustainable ripening methods tailored to Tikapur’s tropical 

conditions. Addressing this gap, the aim of this  study is to 

evaluates the impact of various ripening agents on the shelf 

life and physicochemical quality of Musa acuminata cv. 

Williams Hybrid, to reduce postharvest losses and enhance 

regional farmer incomes. 

 

Materials and Methods 

 

Selection of Site 

The experiment was carried out in the horticulture lab of 

College of Natural Resource Management, Tikapur, Kailali, 

which is located 609 kilometers southwest of Kathmandu in 

the terai area of Sudurpashchim Province, Nepal (28°31′30 N, 

81°07′15 E; 140 masl). Throughout the research, the average 

temperature inside the horticulture lab was 37.87°C, and the 

average relative humidity was 20.5% (Figure 1) typically as 

of the local banana storage conditions. The room temperature 

and humidity data were measured manually using a digital 

thermohygrometer (HTC-1). 

 

 
Figure 1. Thermo-Hygrometric Conditions Noted in the Horticulture Lab During Study Period 
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Selection of Banana Cultivar and Treatments 

The banana fruits used in this study (Musa acuminata 

cv. Williams Hybrid) were picked while they were in the 

mature green stage, which is distinguished by uniform size, 

well-developed angular fingers, and slight yellowish tinge 

at the ridges. Only fruits that were free of visible defects, 

mechanical damage, and signs of disease were chosen to 

ensure the quality and uniformity of the test material. Fresh 

Williams Hybrid bananas were selected for this study 

because of its widespread cultivation among local farmers. 

The treatments used in the study were T1 (Control), T2 

(Apple: 130 ±10 gram), T3 (Tomato: 75±5 gram), T4 

(Paddy straw: 220 gram), T5 (Ethephon (Kripon 39% SL): 

500 ppm). 

Apple as a ripening agent  

Apples, in particular, are known to release ethylene gas, 

which promotes ripening in bananas (Prasad & Arora, 

2022). When bananas are stored near apples, the ethylene 

gas emitted by the apples accelerates the bananas' ripening 

process, making them ready to eat more quickly. Using 

apples as a ripening agent is a natural and safe method, 

avoiding the potential health risks associated with chemical 

ripening agents commonly used in commercial banana 

ripening (Singal et al., 2012). 

Tomato as a ripening agent  

Tomatoes, like apples, are effective natural ripening 

agents for bananas due to their release of ethylene gas. 

When bananas are placed near tomatoes, the ethylene gas 

emitted by the tomatoes accelerates the ripening process, 

ensuring the bananas reach optimal ripeness faster 

(Kumaran et al., 2025). 

Paddy straw as a ripening agent 

Paddy straw is another traditional and natural method used 

for ripening bananas. When bananas are covered with paddy 

straw, the enclosed environment helps to trap the ethylene gas 

naturally produced by the bananas themselves. 

Ethephon 

Ethephon (Kripon 39% SL) is a synthetic ripening 

agent commonly used in the commercial ripening of 

bananas. It works by releasing ethylene gas when it breaks 

down, which then promotes the ripening process in 

bananas (Jangam et al., 2023). Ethylene triggers the 

ripening process by stimulating the conversion of starches 

into sugars, softening the fruit, and enhancing its color and 

flavor (Stephenson, 2023). 

 

Experimental Details  

For this experiment, a completely randomized design 

(CRD) was used with five treatments, each replicated four 

times, resulting in a total of twenty banana bags. Banana 

fingers were kept in carton with respective treatments. So 

there were 20 cartons, each containing 12 banana fingers 

(Figure 2), with 60 banana fingers in each replication.  

 

Data Observation 

This research began on June 02, 2024. It started with 

harvesting bananas from Edd Banana Farm on May 29, 

followed by separating all the banana fingers and cleaning 

them. Subsequently, the bananas were sorted to select those 

of uniform size. A total of 36 dozen bananas were collected 

from the farm, out of which 20 dozen similar-sized and 

evenly ripened banana fingers were selected, and the 

observation data were collected on 2, 4, 6, 8, and 10 days. 

Weight Loss (WL) 

During data collection days, the weight of the non-

destructive banana fingers in each carton was measured 

using a digital weighing balance, and the weight loss % 

was calculated using the formula (Paudel & Regmi, 2024) 

“equation 1”. 

 

WL(%) =  
IW−NMW

Initial weight
 ×  100%   (1) 

 

IW : Initial weight 

NMW : Next measurement weight 

 

Specific Gravity (SG) 

To measure specific gravity, the weight of the banana 

and the amount of water displaced by the banana were 

recorded. This process was repeated for all 20 bananas 

from their respective cartons (Kushman & Pope, 1968; 

Ruwali et al., 2022) “equation 2”. 

 

𝑆𝐺 =
𝐹𝑟𝑢𝑖𝑡 𝑤𝑒𝑖𝑔ℎ𝑡(𝑔) 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑓𝑟𝑢𝑖𝑡(𝑚𝑙)
 (2) 

 

Pulp to Peel Ratio (PPR) 

The banana's peel was removed, and the weight of the 

peel and pulp was measured. Then, the ratio of pulp to peel 

was measured by dividing the weight of the pulp by the 

weight of the peel “equation 3”. 

 

𝑃𝑃𝑅 =
𝑃𝑢𝑙𝑝 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑃𝑒𝑒𝑙 𝑊𝑒𝑖𝑔ℎ𝑡
     (3) 

 

Firmness 

Firmness of the banana was measured using a 

penetrometer: GY-2, China. The penetrometer was 

carefully inserted into the middle of the banana pulp, 

ensuring no external hand force was applied during the 

process. 

 

Total Soluble Solids 

The TSS of the fruit was measured with the help of a 

handheld digital refractometer: ATC, China. The banana 

was crushed, 2-3 drops of the fruit juice were placed in the 

prism of the refractometer, and then the reading was 

observed. 

 

 
Figure 2. Experimental Arrangement for Both Destructive and 

Non-Destructive Assessments in the Study of Banana 

Ripening 
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Titratable Acidity (TA) 
To measure the TA, 40 g of the fruit pulp was ground, 

mixed with 5 mL of water, and filtered. Following filtering, 
2 mL of juice was placed in a separate conical flask and 10 
mL of distilled water added, which was then titrated against 
0.1 N NaOH with phenolphthalein as an indicator. The 
appearance of the pink color defined the termination point. 
Afterward, TA was estimated using the formula (Paul & 
Pandey, 2010) “equation 4”. 

 

𝑇𝐴 =
𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑁𝑎𝑂𝐻 × 𝑀𝐹× 𝑉𝐵

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 × 100  (4) 

 
MF : Milliequivalent Factor 
VB : Volume of base 
Note: Milliequivalent Factor = 0.067 (for Malic Acid) 
 
Ripening Duration and Shelf Life 
The ripening duration of the bananas was measured by 

changes in peel color, firmness and total soluble solids 
(TSS) (Ruwali et al., 2022). The ripening duration was 
determined for each treatment by the number of days it 
took for the fruits to achieve full ripeness. Shelf life was 
determined by visual inspection every other day and was 
defined as the time between the beginning of ripening and 
the point at which at least half of the fruits are no longer 
considered edible (Akter et al., 2019). 

 
Statistical Analysis  
All the recorded data were compiled, arranged and 

entered into MS-Excel 2016. R Studio version 4.3.2 was 
used for advanced statistical analysis. ANOVA was 
performed to determine the significance of differences 
between treatments, followed by Fisher’s LSD test to 
identify specific mean differences, with a level of 
significance of 5%. 

 
Results and Discussion 

 
Effect of Ripening Agents On Weight Loss (%) 
The ANOVA showed highly significant differences in 

weight loss (P ≤ 0.001) on days 2, 8, and 10, and significant 
differences (P ≤ 0.05) on days 4, and 6 (Table 1). The 
highest weight loss was seen in bananas treated with 
ethephon (T5), which reached 43.42% on day 10. This was 
attributed to ethephon's ethylene-releasing properties, 
which speed ripening and increase metabolic activity. 

Bananas treated with apple (T2) likewise had a high weight 
loss (37.25%), most likely due to the apple's natural 
production of ethylene gas, which was enough to cause 
ripening and boost respiration rate. On the other hand, on 
day 10, the weight loss (31.23%) was lowest for the control 
treatment (T1). Likewise, bananas treated with paddy straw 
(T4) had a comparatively low weight loss (33.24%) (Table 
1), most likely as a result of the straw's influence on the 
creation of a humid microenvironment that inhibited 
moisture loss. The high ambient temperature (mean of 
37.87°C) and low relative humidity (20.5%) during the 
research period both accelerate ripening and exacerbate 
moisture loss, and were responsible for the overall 
substantial weight loss across all treatments. Over a period 
of time, the weight of fruits slowly declines because of a 
combination of factors including water loss through 
transpiration and evaporation, natural physiological 
changes like respiration and senescence, and the impact of 
external microenvironmental conditions, including 
temperature, humidity, and light intensity, all of which 
work together to lower fruit mass (Puri et al., 2025). 
Similar findings were found by (Ruwali et al., 2022), who 
studied the impact of several treatments on banana storage 
life in Deukhari, Dang. 

 
Effect of Ripening Agents On Firmness 
ANOVA showed highly significant differences 

(p ≤ 0.001) on Days 4 and 6, significant differences 
(p ≤ 0.05) on Days 2 and 10, and no significant differences 
were observed on Day 8. The control treatment (T1) had 
the highest firmness on Day 2 (7.58 N), closely followed 
by bananas treated with tomato (T3: 7.46 N) and paddy 
straw (T4: 7.45 N). The ethephon-treated bananas (T5), on 
the other hand, had the lowest initial firmness (6.15 N), 
followed by T2 (7.08 N). As storage proceeded, the 
firmness decreased in all treatments at varying rates. 
Notably, paddy straw-treated bananas (T4) consistently 
kept more firmness than other treatments after Day 4, 
suggesting that rice straw delayed the softening process, 
possibly by modulating the ripening environment by 
creating a humid microclimate. On Day 10, T4 bananas had 
the maximum firmness of 1.82 N, surpassing T5 
(ethephon-treated) bananas, which had a firmness rating of 
just 0.45 N. The ethephon-treated bananas (T5) had the 
fastest decline in firmness during the study period, 
reaching their lowest point by Day 10 (Figure 3), indicating 
a greatly accelerated ripening cycle. 

 

Table 1. Comparative effect of ripening agents on Weight loss (%) of banana in the horticulture lab at Tikapur. Statistical 

comparisons were made across columns for each observation day. 

Treatments 
Weight loss (%) 

DAY 2 DAY 4 DAY 6 DAY 8 DAY 10 

T1 3.42bc 10.91b 19.28b 23.69d 31.23c 

T2 3.69ab 14.33a 21.73a 28.92bc 37.25b 

T3 3.07c 14.13a 21.14ab 29.52ab 36.88b 

T4 3.20bc 14.1a 22.37a 25.59cd 33.24bc 

T5 4.08a 15.56a 22.26a 32.9a 43.42a 

Grand mean 3.49 13.81 21.35 28.13 36.4 

CV 9.78 13.43 6.53 8.24 7.26 
LSD 0.51 2.8 2.10 3.49 3.98 
SEM (±) 0.17 0.93 0.70 1.16 1.32 
F-test *** * * *** *** 

LSD: least significant difference; CV: coefficient of variation; SEM: Standard error of the mean; * indicates P≤0.05; *** indicates P≤0.001; NS indicates 
non-significant difference; T1: Control; T2: Apple; T3: Tomatoes; T4: Paddy straw; T5: Ethephone. 
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Figure 3. Effect of different ripening agents on firmness of bananas in the horticulture lab at Tikapur. 

 

Table 2. Comparative effect of ripening agents on Pulp-to-peel ratio of banana in the horticulture lab at Tikapur. Statistical 

comparisons were made across columns for each observation day. 

Treatments 
Pulp-to-peel ratio 

DAY 2 DAY 4 DAY 6 DAY 8 DAY 10 

T1 1.22a 1.29b 1.75a 2.14a 2.76ab 

T2 1.17a 1.35b 1.73a 1.99a 2.73ab 

T3 1.18a 1.23b 1.51a 2.1a 2.64ab 

T4 1.13a 1.32b 1.4a 1.81a 2.19b 

T5 1.19a 1.7a 1.47a 2.16a 2.96a 

Grand mean 1.18 1.38 1.57 2.06 2.66 

CV 8.84 14.78 14.98 20.39 17.24 

LSD 0.16 0.31 0.35 0.63 0.69 

SEM (±) 0.05 0.10 0.12 0.21 0.23 

F-test NS * NS NS NS 
LSD: least significant difference; CV: coefficient of variation; SEM: Standard error of the mean; * indicates P≤0.05; NS indicates nonsignificant 

difference; T1: Control; T2: Apple; T3: Tomatoes; T4: Paddy straw; T5: Ethephone. 

 

The apple (T2) and tomato (T3) treatments resulted in 

a quicker loss of firmness, with ultimate values of 0.78 N 

and 1.10 kg/cm². The control (T1) remained moderately 

firm (1.26 N) (Figure 3), possibly due to the absence of 

exogenous ethylene sources. Overall, the data clearly show 

that ethephon significantly accelerated softening, whereas 

paddy straw successfully reduced it, allowing the fruit to 

retain its firmness for a longer time. The softening of 

banana fruit during ripening is caused by three processes: 

the conversion of starch to sugars, the breakdown of pectin 

substances, and the movement of water from the banana 

peel to the pulp during ripening (Thompson, 1996). Also, 

(Kunwar et al., 2024) suggested that the loss of firmness is 

a natural indicator of ripening and occurs due to the 

ongoing physiological activities such as respiration and 

ethylene production in climacteric fruit. 

 

Effect of Ripening Agents On Pulp-To-Peel Ratio  

ANOVA showed no significant differences (NS) in 

days 2, 6, 8, and 10 but showed a significant difference (P 

≤ 0.05) in day 4 (Table 2). Throughout the study period, 

the pulp-to-peel ratio of bananas steadily rose across all 

treatments, showing that the fruit was ripening and 

developing pulp. On Day 2, all treatments exhibited similar 

ratios (range from 1.13 to 1.22), indicating a uniformity in 

the early ripening phases. By Day 4, Ethephon-treated 

bananas (T5) had the greatest pulp-to-peel ratio (1.70), 

which was considerably higher than other treatments, 

indicating rapid softening and pulp formation due to the 

ethylene-releasing effect of ethephon. All other treatments 

stayed in the lower range (1.23-1.35), suggesting a delayed 

ripening process. As ripening continued, T5 continuously 

maintained higher pulp-to-peel ratios, reaching the 

maximum value (2.96) on Day 10 (Table 2), which was 

considerably greater than T4 (2.19) and marginally higher 

than the other treatments. This demonstrates that ethephon 

promotes quicker pulp softening compared to peel bulk, 

which is the typical impact of ethylene on ripening. On the 

other hand, paddy straw (T4) consistently had the lowest 

pulp-to-peel ratio over most days, peaking at 2.19 on Day 

10 (Table 2), indicating a delayed ripening pace, most 

likely due to its capacity to retain moisture and reduce 

ethylene exposure. A similar result was obtained by Ruwali 

et al. (2022). A crucial indicator of postharvest quality is 

the pulp-to-peel ratio, which shows how much of the fruit 

is edible compared to waste (Chiwate et al., 2023). 

Consumers tend to prefer fruits with thicker, bulkier pulp 

(Belayneh et al., 2014). Due to changes in overall fruit 

composition, cellular breakdown, and moisture loss, the 

weight of pulp increases and the weight of peel decreases 

(Alina Marc et al., 2024).  
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Table 3. Comparative effect of ripening agents on Specific gravity of banana in the horticulture lab at Tikapur. Statistical 

comparisons were made across columns for each observation day. 

Treatments 
Specific gravity 

DAY 2 DAY 4 DAY 6 DAY 8 DAY 10 

T1 0.78a 0.97a 0.97a 1.04a 1.14ab 
T2 0.80a 0.90a 0.86a 1.04a 1.15ab 

T3 0.80a 0.94a 1.01a 1.01a 1.13ab 

T4 0.81a 0.88a 0.92a 1.00a 1.06b 

T5 0.81a 0.89a 0.88a 1.09a 1.26a 

Grand mean 0.80 0.91 0.93 1.04 1.15 

CV 9.44 7.80 13.21 8.50 9.25 
LSD 0.11 0.11 0.18 0.13 0.16 
SEM (±) 0.04 0.04 0.06 0.04 0.05 
F-test NS NS NS NS NS 

LSD: least significant difference; CV: coefficient of variation; SEM: Standard error of the mean; NS indicates nonsignificant difference; T1: Control; 
T2: Apple; T3: Tomatoes; T4: Paddy straw; T5: Ethephone. 
 

Table 4. Comparative effect of ripening agents on Total soluble solids (TSS) (°Brix) of banana in the horticulture lab at 

Tikapur. Statistical comparisons were made across columns for each observation day. 

Treatments 
Total soluble solids (TSS) (°Brix) 

DAY 2 DAY 4 DAY 6 DAY 8 DAY 10 

T1 4.28b 6.68c 10.18bc 14.50b 15.13b 
T2 3.93bc 10.35b 11.60b 14.20b 15.15b 

T3 3.80bc 4.70d 9.63bc 13.08b 15.40b 

T4 3.30c 4.90cd 7.23c 12.28b 14.70b 

T5 13.13a 15.20a 16.95a 17.53a 18.37a 

Grand mean 5.69 8.37 11.12 14.32 15.75 

CV 7.71 14.56 18.34 11.68 12.00 
LSD 0.66 1.84 3.07 2.52 2.85 
SEM (±) 0.22 0.61 1.02 0.84 0.95 
F-test *** *** *** ** NS 

LSD: least significant difference; CV: coefficient of variation; SEM: Standard error of the mean; *** indicates P≤0.001; ** indicates P≤0.01; NS 

indicates nonsignificant difference; T1: Control; T2: Apple; T3: Tomatoes; T4: Paddy straw; T5: Ethephone. 

 

Water moves from the peel to the pulp during fruit 

ripening due to the rapid rise in sugar content in the pulp, 

which also increases osmotic pressure and boosts the pulp-

to-peel ratio (Nayab & Akhtar, 2023). 

 

Effect of Ripening Agents On Specific Gravity 

ANOVA indicated no significant differences (NS) 

between treatments on all observation days (Table 3). Specific 

gravity steadily rose from Day 2 to Day 10 in all treatments, 

indicating ripening process. On day 10, ethephon-treated 

bananas (T5) had the greatest specific gravity (1.26), whereas 

paddy straw-treated bananas (T4) had the lowest (1.06) (Table 

3). Other treatments (T1, T2, and T3) showed intermediate 

results. Several researchers (Roy et al., 2021, 2023; Ruwali et 

al., 2022) reported similar findings, observing no significant 

differences in fruit specific gravity throughout the study 

period, which supports our findings. The observed rise in 

specific gravity during ripening suggests that the fruit's 

volume decreased more than its weight dropped, possibly as a 

result of increased metabolic and respiratory activity. The 

transfer of biological components from the peel to the pulp 

during ripening may be the cause of the rise in specific gravity, 

which is strongly correlated with the pulp-to-peel ratio (Roy 

et al., 2023). 

 

Effect of Ripening Agents On Total Soluble Solids 

ANOVA showed significant differences (P ≤ 0.001) 

between ripening treatments on Days 2, 4, and 6, as well as 

on Day 8. However, no significant differences were seen 

on Day 10 (Table 4). The Total Soluble Solids (TSS) 

content of bananas increased significantly in all treatments 

during the duration of the trial, showing that they were 

ripening. On Day 2, the maximum TSS content was found 

in ethephon-treated bananas (T5) (13.13 °Brix), whereas 

the lowest was seen in paddy straw-treated fruits (T4, 3.30 

°Brix). On Day 4, TSS increased significantly in ethephon-

treated bananas (T5: 15.20 °Brix), whereas paddy straw 

(T4: 4.90 °Brix) and tomato (T3: 4.70 °Brix) showed the 

lowest levels. T5 maintained the highest TSS through Day 

10 (18.37 °Brix), whereas T4 remained the lowest (Table 

4). These studies show that ethephon increases ripening 

and sugar accumulation, but paddy straw slows the process. 

The TSS of the banana increases with increasing days, 

although the pace of the increase in total soluble solids in 

banana depends on the cultivar or hybrid and types of 

ripening agents (Kumar et al., 2021). The conversion of 

starch into simple sugars like glucose, sucrose, and fructose 

during ripening may be the cause of the rise in TSS of the 

banana (Gunasekara et al., 2015). 

 

Effect of Ripening Agents On Titratable Acidity 

On Days 2 and 4, ANOVA indicated no significant 

changes in TA across treatments. However, on Days 6 and 

10, there were extremely significant differences (P ≤ 0.001) 

and significant differences (P ≤ 0.01) on Day 8 (Table 5). 

Titratable acidity decreased during the study period in all 

treatments, indicating the natural ripening process. On Day 

6, paddy straw-treated bananas (T4) had the greatest TA 

(0.58%), followed by ethephon-treated bananas (T5) with 

the lowest (0.33%).  
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Table 5. Comparative effect of ripening agents on Titratable acidity (TA) of banana in the horticulture lab at Tikapur. 

Statistical comparisons were made across columns for each observation day. 

Treatments 
Titratable acidity (TA) 

DAY 2 DAY 4 DAY 6 DAY 8 DAY 10 

T1 0.48a 0.45a 0.43bc 0.36a 0.28b 

T2 0.42a 0.42a 0.39cd 0.37a 0.34ab 

T3 0.46a 0.44a 0.50ab 0.36a 0.39a 

T4 0.49a 0.44a 0.58a 0.30a 0.26b 

T5 0.49a 0.41a 0.33d 0.19b 0.10c 

Grand mean 0.47 0.43 0.45 0.32 0.27 

CV 23.51 18.71 13.48 20.75 19.45 

LSD 0.17 0.12 0.09 0.10 0.08 

SEM (±) 0.06 0.04 0.03 0.03 0.03 

F-test NS NS *** ** *** 
LSD: least significant difference; CV: coefficient of variation; SEM: Standard error of the mean; *** indicates P≤0.001; ** indicates P≤0.01; NS 

indicates nonsignificant difference; T1: Control; T2: Apple; T3: Tomatoes; T4: Paddy straw; T5: Ethephone. 

 

Table 6. Effect of ripening agents on the days to ripen and shelf life of banana in the horticulture lab at Tikapur. 

Treatments Days to full ripening Shelf life in days 

T1 (Control) 6.50a 8.75b 

T2 (Apple) 4.75b 7.25c 

T3 (Tomatoes) 5.00b 7.50c 

T4 (Paddy straw) 7.50a 11.00a 

T5 (Ethephone) 3.00c 5.75d 

Mean 5.35 8.05 

F-test *** *** 
*** indicates P≤0.001 

 

By Day 10, T5 still had the lowest TA (0.10%), 

showing fast acid breakdown due to advanced ripening, but 

T3 (tomato) had a higher TA (0.39%) (Table 5), indicating 

a delayed ripening process. Overall, ethephon (T5) 

increased acid loss, but paddy straw (T4) and tomato (T3) 

helped keep acidity higher for a longer period. As the fruit 

ripened, its acidity (malic, citric, and oxalic acids) 

decreased, and the taste turned sweeter, primarily due to 

the hydrolyzed sugar from the degradation of the starch 

(Castro-Muñoz et al., 2023). 

 

Effect of Ripening Agents On Ripening Duration And 

Shelf Life 

Various ripening agents showed significant variation in 

both the number of days to full ripening and shelf life (P ≤ 

0.001) (Table 6). Ethephon-treated bananas (T5) ripened 

the fastest, in only 3 days, but had the shortest shelf life of 

5.75 days. In contrast, bananas treated with paddy straw 

(T4) took the longest to ripen (7.5 days) and showed the 

longest shelf life (11 days). The control (T1) likewise 

demonstrated delayed ripening (6.5 days) and a 

considerably longer shelf life (8.75 days) than the other 

treatments. Apple (T2) and tomato (T3) treatments 

accelerated ripening somewhat (4.75 and 5 days, 

respectively), but had shorter shelf life (7.25 and 7.5 days) 

than the control and paddy straw treatments (Table 6). This 

is in accordance with the findings of (Ruwali et al., 2022), 

who also observed that ethephon required just three days to 

mature and had a shelf life of 3.15 days, but paddy straw 

took longer to ripen and had a greater shelf life. By the 

application of ethylene to bananas from an external source, 

the physicochemical changes have been accelerated, which 

has resulted in the bananas reaching the ripe state in a 

shorter period (Paudel & Regmi, 2024). The shelf life of 

harvested fruit may be safeguarded and extended by 

adopting appropriate postharvest handling practices and 

treatment methods (Kunwar et al., 2024). 

 

Conclusion 

 

According to the study, rice straw (T4) delayed 

ripening to 7.5 days and increased shelf life to 11 days, 

whereas ethephon (T5) accelerated ripening to 3 days but 

decreased shelf life to 5.75 days. This suggests that paddy 

straw (T4) can be recommended as a low-cost, natural 

ripening method for smallholder farmers in tropical 

climates. Additionally, the findings showed that the 

physiological weight loss of bananas can reach up to 43% 

when environmental conditions are dry and hot. These 

results provide small-scale farmers with helpful guidance 

on efficient ripening techniques in these types of 

geographical areas. To expand the application, future 

studies should examine other cultivars and ripening agents. 

Despite this, the experiment shows typical banana-growing 

conditions which makes the results relevant to similar 

agroclimatic regions. 
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