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helf life, were quantitatively assessed at two-day intervals through-
out the Storage period. The highest post-ripening values for key consumer at-

ibutes were achieved in a dose-dependent manner at the maximum intensity:
ppm ethephon resulted in a pulp-to-peel ratio of 5.25, total sugars of 23.50%,
and TSS of 27.93 “Bx, while 30 hours of heat exposure produced comparable
enhancements. Both methods significantly accelerated the ripening process and
improved this primary quality metrics compared to the untreated controls. No-

tably, increased treatment intensity led to a concomitant reduction in post-har-
vest shelf life, decreasing from an average of 11 days (control) to approximately
7 - 8 days in the most intensely treated fruits. These findings confirm that con-
trolled ethephon and non-chemical heat treatment are effective and practical
post-harvest strategies to accelerate ripening and enhance banana quality met-
rics but require precise optimization to effectively balance the desired quality
improvements against the resultant reduction in marketability period.
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1. Introduction

Bananas (Musa spp.) are among the world’s most economically important fruit
crops, ranking fourth after rice, wheat, and maize [1] [2]. Global banana produc-
tion reached approximately 139 million metric tons in 2023, with leading produc-
ers including India, China, Ecuador, and Brazil contributing substantially to in-
ternational trade [3]. In Bangladesh, bananas dominate fruit production, account-
ing for nearly 20% of total fruit production and covering 36% of the cultivation
area, with about 840,000 tons produced in 2023 [4]. This substantial output solid-
ifies its position as the third most produced fruit crop in th
2020).

dunia et al.,

gan damage [7].

Alternatively, safer pos

um daily intake limit of 0.05 mg/kg body
anagement due to its flammability at high concentra-

sure, have emerged as effective post-harvest interventions [10]. Ethephon pro-
mofes biochemical ripening processes, including increased sugar accumulation
and pulp softening, while heat treatment offers pathogen control and modu-
lates ripening-associated enzyme activities without chemical residues [11] [12].

Despite these advances, systematic studies evaluating ethephon spray and smoul-
dering rice husk heat treatments on banana quality parameters including storabil-
ity are particularly limited in Bangladesh. This study aims to fill this gap by com-
prehensively assessing the effects of these treatments on two prominent commer-
cial cultivars, Amritasagar and Sabri. The research focuses on their impact on phys-
icochemical properties, nutritional quality, and storability to develop optimized
protocols that can reduce post-harvest losses and extend banana marketability,
thereby supporting sustainable agriculture and food security. Additionally, this
study compares the efficacy of these methods against traditional ripening agents,
contributing to safer and more sustainable post-harvest management strategies

for banana producers.
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2. Materials and Methods

2.1. Plant Material and Experimental Site

The research was conducted in the laboratories of the Department of Horticulture
and the Department of Molecular Biology at Bangladesh Agricultural University,
Mymensingh. All experiments were conducted under ambient laboratory con-
ditions, with a maintained temperature of 27°C + 2°C and a relative humidity
(RH) of 72% * 3%. Freshly harvested, mature-green banana bunches (Musa

spp.) from two commercial Bangladeshi cultivars, Amritasagar and Sabri, were

signs of disease.

A

t-harvest ripening treatment.

2.3.Ethylene Treatment

Banana fingers were treated with aqueous solutions of ethephon (42% active in-
gredient) to achieve the following final ethylene concentrations. The solutions
were applied as fine sprays. The control (sprayed with distilled water) was desig-
nated as T1, and T2, T3, T4, T5, and T6 were treated with ethylene at concentra-
tions of 25, 50, 75, 100, 125, and 150 ppm, respectively (Table 1).

Table 1. Preparation of ethylene solutions for treatment.

A t of Ethyl
Treatment Concentration (ppm) moun (r(;l) yiene Amount of distilled water (ml)
TO (Control) 0 0.00 50.00
T1 25 4.13 45.87
T2 50 8.26 41.74
DOI: 10.4236/as.2025.1611067 1164 Agricultural Sciences
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Continued
T3 75 12.40 37.60
T4 100 16.53 33.47
T5 125 20.67 29.33
Té6 150 24.80 25.20

2.4. Heat Treatment

The banana fingers were subjected to heat treatment withig ed chamber,

sampling interval. The percentage of weight loss was calcu-

lated us e following formula:
IW - Wf
—. X

l

Weight Loss (%) = 100

ulp to Peel Ratio: Fruits were manually peeled, and the weights of the Pulp
(Wp) and weight of Peel (Wpeel) were recorded separately. The ratio was calcu-

lated as follows:

Weight of Pulp (Wp)

Pulp to Peel Ratio = —
Weight of Peel (Wpeel )

2.7. Chemical Analyses

Chemical analyses were conducted on homogenised pulp tissue using standard
procedures outlined by Ranganna (1979), unless otherwise specified. Moisture
and Dry Matter Content (%): A 10-g sample of Pulp was oven-dried at 80°C until
a constant weight was achieved. The moisture content was determined gravimet-
rically. The dry matter percentage was calculated as follows: Dry Matter (%) = 100

— Moisture content (%).
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entage of m content. Sugar Content (%): The total sugar

content was dete w pectrophotometrically at 620 nm using the anthrone
method [13]. Redugingsugar

anana fruit became unmarketable or inedible. This determination was based
on @bjective criteria including the visual appearance of peel browning and soften-
ing, corresponding to color stage 7 on a standardized 7-point peel color scale, as
well as the onset of microbial decay [15]. These criteria provide clear, reproducible

markers to assess the end of marketable quality (Figure 3).

Figure 3. Standard colour chart for banana ripening.
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2.9. Statistical Analysis

The collected data were subjected to Analysis of Variance (ANOVA) using the
MSTAT-C statistical software package. Mean comparisons among treatments
were performed using the Least Significant Difference (LSD) test at a 5% level of
significance (p < 0.05) [16].

3. Results

3.1. Artificial Ripening of Banana by the Application of Ethylene
and Heat Treatment

3.1.1. Total Weight Loss

A
25 - —e—Amritasagar —&—Sabri

w20 1
[ ]
£ 15 - [ [
=3
Q
=
w 10 4
B
L
x

5 -

0 ¥ T 1 T 1

2 4 6 8 4 6 8
Days after treatment Days after treatment
Figure 4. The effect of (A) ethylene and (B) heat ofj\tl entage of weight loss in different banana varieties over time

(DAT - Days After Treatment), with a least significa:

% Total Weight Loss

D) of 1%.

30 1 —TO —=-T1 -T2 —T3 —T4

% Total Weight Loss
I

T T ! 0 T T T "
6 8 2 4 6 8

Days after treatment Days after treatment

treatments (12 - 30 hours). Vertical bars indicate the Least Significant Difference (LSD) at a 1% level of significance.

The study revealed that total weight loss during banana storage was significantly
influenced by variety, treatment type, and storage duration. The Amritasagar va-
riety consistently exhibited higher weight losses compared to Sabri, with both va-
rieties showing progressive weight loss, ranging from 4.51% to 5.64% at 2 days to
19.85% to 20.32% at 8 days post-treatment (Figure 4(A)). Ethylene treatments
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intensified weight loss, with maximum losses of 21.69% recorded at an ethylene
concentration of 125 ppm after 8 days (Figure 5(A)). In contrast, heat treatments
produced similar effects, with 30-hour heat exposure resulting in a 22.64% weight
loss (Figure 4(B)). The highest combined weight loss (23.22% at 8 days) occurred
in Amritasagar treated with 30-hour heat exposure, whereas untreated Sabri fruits
maintained the lowest weight loss (17.21% at 8 days) (Figure 5(B)). Both eth-
ylene concentration and heat exposure duration exhibited dose-dependent re-
lationships with weight loss. In contrast, the untreated control fruits consist-

ently demonstrated minimal weight loss across all time poj

artificial ripening treatments accelerate moisture loss a

tion during storage.

3.1.2. Dry Matter Content

recorde ini .92% at 8 days). Heat treatments exhibited similar pat-

aintaining the highest dry matter content and 30-hour

A B
jlasgliar —=—Sabri —e—Amritasagar —=— Sabri
45 -
41
£ 5 I
8 3 I
g fa}
> ©33
g :
S 29 °\29 i
25 T T 25 T T T ]
2 4 6 8 2 4 6 8
Days after treatment Days after treatment

Figure 6. The effect of (A) ethylene and (B) heat on the percentage of dry matter content in different banana varieties over
time (DAT - Days After Treatment), with a least significant difference (LSD) of 1%.
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3.1.3. Moisture Content

ar —=— Sabri

time (DAT - Days Aft@r Trea

Days after treatment

edt on the percentage of moisture content in different banana varieties over
t), with a léast significant difference (LSD) of 1%.

Mojsture content progressively increased in both treated and untreated banana
fruits throughout the ripening period, with significant varietal and treatment dif-
ferences observed. Amritasagar consistently exhibited higher moisture levels than
Sabri, reaching 71.87% and 67.03%, respectively, at 8 days post-treatment, com-
pared to 65.81% and 61.04% at 2 days (Figure 8(A)). Ethylene treatments dose-
dependently increased moisture content, with maximum levels (65.93% - 72.18%
from 2 - 8 days) recorded in 150 ppm ethylene treatment, while control fruits main-
tained minimum moisture content (61.03% - 67.07% from 2 - 8 days) (Figure
9(A)). The interaction effects demonstrated that Amritasagar treated with 150
ppm ethylene achieved the highest moisture content (67.86% - 74.08% from 2 to
8 days), whereas untreated Sabri recorded the lowest values (58.64% - 64.58%
from 2 to 8 days). Heat treatments followed similar patterns, with a 30-hour ex-
posure producing a maximum moisture content (72.33% at 8 days), and the con-

trol maintaining minimum levels (Figure 8(B) and Figure 9(B)). The combined
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heat and variety effects showed that Amritasagar, with a 30-hour heat treatment,
reached peak moisture levels (68.14% - 74.09% from 2 to 8 days), while untreated
Sabri remained at the lowest levels throughout storage.
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) at a 1% level of significance.

3.1.4. Pulp to Peel Rati

A
—e— Amritasagar —&—Sabri
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Figure 10. Thi

time T - Da

Days afts tment

Days after treatment

ylene and (B) heat on the percentage of Pulp to peel ratio in different banana varieties over
ment), with a least significant difference (LSD) of 1%.

Pulp to peel ratio progressively increased throughout the storage period in both
treated and untreated banana fruits, with significant varietal differences consist-
ently favouring Sabri over Amritasagar. During storage, Sabri showed an increase
from 2.47 to 4.86, while Amritasagar increased from 1.70 to 4.20 (Figure 10(A)).
Ethylene treatments enhanced pulp-to-peak ratios dose-dependently, with maxi-
mum ratios (5.25 at 8 days) achieved using a 150-ppm ethylene concentration,
compared to control treatments (3.97 at 8 days) (Figure 11(A)). The interaction
effects demonstrated that Sabri treated with 150 ppm ethylene achieved the high-
est ratios (3.38 - 5.79 from 2 to 8 days), while untreated Amritasagar recorded the

lowest values (1.40 - 3.74 from 2 to 8 days). Heat treatments exhibited similar
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8 7 ——T0 —=#-T1 T2 —5T3 *T4 —e-T5 —T6

Pulp to peel ratio
N £

patterns, with 30-hour exposure producing maximum ratios (3.47 - 5.88 from 2
to 8 days) compared to the control (1.59 - 3.97 from 2 to 8 days) (Figure 10(B)
and Figure 11(B)). The combined heat and variety effects showed that Sabri, with
a 30-hour heat treatment, achieved peak performance (3.61 - 6.02 from 2 to 8
days). At the same time, untreated Amritasagar maintained the lowest ratios
throughout storage, confirming that both artificial ripening treatments and vari-
etal characteristics significantly influence the development of edible pulp relative

to peel weight.

——T0 —#-T1 T2/

I I

Pulp to Peel Ratio
o

Figure 11. Effect of (A) ethylene and (B) heat treatments o
(A), TO is the control, and T1 - T6 represent ethylene treat

significance.

Days after treatment

6 8

an Amritasagar. Both varieties exhibited progressive sugar

ion ,during ripening, with Amritasagar increasing from 9.12% to

sugar content (11.04% - 23.50% from 2 to 8 days) compared to control treat-
ments (7.62-19.40% from 2 to 8 days) (Figure 12(A)). The interaction effects
demonstrated that Sabri treated with 150 ppm ethylene achieved peak sugar
levels (11.06% at 2 days, 23.79% at 8 days), while untreated Amritasagar rec-
orded the lowest values (7.32% - 18.47% from 2 to 8 days). Heat treatments
exhibited similar patterns, with 30-hour exposure producing maximum sugar
content (11.23% - 23.79% from 2 to 8 days) compared to the control (7.62% -
19.40% from 2 to 8 days) (Figure 13(A), Figure 13(B)). The combined heat and
variety effects showed that Sabri, with a 30-hour heat treatment, achieved the
highest sugar accumulation (24.41% at 8 days), while untreated Amritasagar
maintained the lowest levels (18.47% at 8 days), confirming that artificial rip-
ening treatments significantly accelerate sugar synthesis and accumulation in

banana fruits.
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Reducing spgar content analysis revealed significant varietal and treatment differ-
es, with progressive increases observed throughout the ripening period in both
varieties. Sabri consistently maintained higher sugar levels than Amritasagar,
showing increases from 6.54% to 12.02% compared to Amritasagar’s 5.91% to
11.40% from 2 to 8 days post-treatment (Figure 14(A), Figure 14(B)). Ethylene
treatments dose-dependently enhanced reducing sugar accumulation, with maxi-
mum levels (12.77% at 8 days) recorded in 150 ppm ethylene treatment compared
to control (11.92% at 8 days) (Figure 15(A)). Heat treatments exhibited similar
patterns, with a 30-hour exposure producing a peak reducing sugar content
(12.62% at 8 days), while the control maintained minimum levels (4.81% - 11.92%
from 2 to 8 days) (Figure 15(B)). The interaction effects demonstrated that Sabri,
with a 30-hour heat treatment, achieved the highest reducing sugar accumulation
(7.17% - 12.81% from 2 to 8 days), whereas untreated Amritasagar recorded the
lowest values (4.36% - 9.93% from 2 to 8 days). These findings confirm that re-
ducing sugar content follows similar trends to total sugar content, with both arti-

ficial ripening treatments and varietal characteristics significantly influencing
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sugar metabolism and accumulation during banana maturation and storage.
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Figure 14. The effect of (A) ethylene and (B) heat on the percentage of reducing su i anana varieties
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rtic s indicate the Least Significant Difference (LSD) at a 1% level of significance.

.1.7. Titrgtable Acid (TA) Content

atable acidity progressively increased with treatment duration and ethylene
congentration, reaching peak levels around 6 days post-treatment before plat-
eauing, with significant varietal, treatment, and interaction effects observed through-
out the study period. Amritasagar consistently exhibited a higher titratable acid
content (0.36% - 0.66%) compared to Sabri (0.34% - 0.64%) during storage (Fig-
ure 16(A) and Figure 16(B)). Ethylene treatments dose-dependently enhanced
acidity development, with maximum levels (0.40% - 0.68%) recorded in the 150
ppm ethylene treatment, while the control maintained minimum values through-
out storage (Figure 17(A)). The interaction effects demonstrated that Amritasa-
gar treated with 150 ppm ethylene achieved peak acidity levels (0.43% - 0.69%
from 2 to 6 days), with the highest value at 6 days, while untreated Sabri recorded
the lowest acidity (0.30% - 0.58% from 2 to 8 days). Heat treatments exhibited
similar patterns, with 30-hour exposure producing maximum acidity at early
stages (0.45% - 0.69% at 2 - 6 days) and 18-hour treatment achieving peak levels
(0.68%) at 8 days, compared to control (0.31% - 0.60% from 2 - 8 days) (Figure
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17(B)). These findings confirm that artificial ripening treatments significantly ac-
celerate organic acid synthesis, with varietal characteristics influencing acid me-

tabolism during banana maturation and storage.
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3.1.8. Total Soluble Solids (TSS) Content
The total soluble solids content progressively increased throughout the ripening

period, reaching maximum levels at 8 days post-treatment, with significant varie-
tal differences consistently favouring Sabri over Amritasagar (Figure 18(A) and
Figure 18(B)). Ethylene treatments dose-dependently enhanced TSS accumula-
tion, with maximum concentrations (150 ppm) producing the highest levels (19.84%
- 27.93% from 2 to 8 days) compared to control treatments (12.98% - 21.52% from
2 to 8 days) (Figure 19(A)). The interaction effects demonstrated that Sabri
treated with 150 ppm ethylene achieved peak TSS content (19.91% - 27.94% from
2 - 8 days), while untreated Amritasagar recorded the lowest values (12.26% -
20.95% from 2 - 8 days). Heat treatments exhibited similar enhancement patterns,
with 30-hour exposure producing maximum TSS levels (19.93% - 28.85% from 2
to 8 days) compared to the control (12.98% - 21.52% from 2 to 8 days) (Figure
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19(B)). The combined heat and variety effects showed that Sabri, with 30-hour
heat treatment achieved the highest TSS accumulation (20.24% - 29.11% from 2 -
8 days), while untreated Amritasagar maintained the lowest levels throughout
storage, confirming that artificial ripening treatments significantly accelerate sol-
uble solids concentration and that varietal characteristics substantially influence

sugar and solids metabolism during banana maturation.
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3.1.9. Time Taken to Ripen a Banana

Ripening time analysis demonstrated significant effects of both variety and eth-
ylene treatment, with control fruits (T0) requiring 10.1 days for Amritasagar and
9.4 days for Sabri under natural conditions (Figure 20). Ethylene exposure re-
duced ripening time in a dose-dependent manner, with T1 fruits achieving full
maturity in 5.8 days (Amritasagar) and 5.3 days (Sabri), and T2 in 4.7 and 4.1
days, respectively (Figure 20). At intermediate dosage (T3), both varieties ripened
in approximately 4.0 days, while the highest concentration (T4) shortened ripen-
ing to 3.8 days for Amritasagar and 3.4 days for Sabri (Figure 20). Sabri consist-

ently matured faster than Amritasagar across all ethylene levels, with the greatest
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difference (0.4 days) observed at T4 (Figure 20). These findings confirm that in-
creasing ethylene concentration progressively accelerates banana ripening, and

varietal characteristics modulate the magnitude of response in both cultivars.

-
(6]
J

® Amritasagar
W Sabri

N
N
1
—

[e)] ©
1 1

Time Taken to Ripen (days)
w

o
1

Figure 20. Effect of banana variety and ripening time. Vertical
bars denote the least significant differ. .01. J0: control; T1 - Té6: ethylene

The shelf life of any fruit i§\calculated fgom the period of harvest up to rotting.
Pinal (2014) reported that

M Amritasagar M Sabri

T T2 T3 T4 T5 T6

TO

Treatment

Figure 21. Effect of banana variety and ethylene concentration on shelf life. Vertical bars
denote the least significant difference (LSD) at p < 0.01. TO: control; T1 - Té6: ethylene at
25,50, 75, 100, 125, and 150 ppm, respectively.

The shelf life of a banana was defined as the period from harvest to the onset of
rotting, reflecting a key quality attribute and an important factor in post-harvest
biochemical losses. Analysis indicated significant effects of both variety and eth-
ylene treatment intensity, with control fruits (T0) attaining maximum storage du-
rations of 10.7 days for Amritasagar and 11.2 days for Sabri, while 150 ppm eth-
ylene (T6) reduced these to 7.9 days and 8.3 days, respectively (Figure 21). Across
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all treatments, Sabri outperformed Amritasagar in storage longevity, averaging
9.54 days versus 8.86 days. Dose-dependent reductions in shelf-life paralleled in-
creases in ethylene concentration: control fruits showed the longest life (11.1 days)
and the highest ethylene dose the shortest (8.0 days). Heat exposure produced
similar effects, with untreated fruits maintaining 11.1 days of storage compared
to just 7.6 days following 30 hours of heat treatment. Although interaction effects
were not significant, untreated Sabri again achieved the peak shelf life of 11.4 days,
whereas Amritasagar subjected to 30 hours of heat, recorded the minimum dura-

tion. These results demonstrate that while artificial ripening at treatments

ner across both varieties.

4. Discussion

ethephon and heat change
chlorophyll and shifting

and durations increased [1

gars rose from starch degradation by enzymes like amylase and malt-
ase [28].
lining. Titratable acidity peaked during ripening and then fell, influenced by

-reducing sugars were initially low, then increased to a peak before

et on and heat [25]. Total soluble solids increased due to solute concentration
and starch hydrolysis [29]. Ethephon and heat sped up ripening, acting as climac-
teric triggers, which shortened the time to ripeness and reduced storability, with
heat showing a quicker effect [22]. Overall, treatments caused rapid physiological
and chemical changes, improving ripening and quality but shortening the mar-
ketable period. The objectives were to find suitable ripening methods and safe
treatment doses, assess ripening effectiveness, and evaluate physical, chemical
changes, and storability under various treatments. Mature green bananas from
two cultivars were collected, pre-cooled, and treated with ethephon at six concen-
trations or heat from smoldering rice husk for four durations, plus controls.
Treated fruits were stored on brown paper at ambient lab conditions. Experiments
used a completely randomized design with five replications. Measured parameters
included physical and chemical traits, ripening time, and shelf life. Data, collected

every 2 days, were analyzed using MSTAT-C, with means compared by LSD at 1%
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and 5% probability levels. Results showed increases in physiological weight loss,
pulp-to-peel ratio, moisture, sugars, total soluble solids, and titratable acidity, and
decreases in dry matter, as ripening progressed, with higher ethephon concentra-
tions, and longer heat exposures. Physiological weight loss varied significantly,
being higher in Amritasagar than Sabri. Maximum loss at 8 days was 21.69% and
22.64%; minimum in controls. In combinations, Amritasagar with 150 ppm
ethephon or 30-hour heat showed the highest loss; Sabri controls showed the low-
est. Dry matter was higher in Sabri, decreasing with storage and treatment levels.

The lowest dry matter at 8 days was 27.82% and 27.67%. Ig inations, the

.7 days. Shelf life was 8.2 days and 7.6 days. In combinations, Sabri: 3.8 days,

s; maximum shelf life 11.4 days. In conclusion, ethephon and heat from
smoldering rice husk effectively speed up ripening and improve physical and
chemical properties of Amritasagar and Sabri bananas in a dose-dependent way.
This enhances consumer traits like pulp-to-peel ratio, TSS, and sugar content but
reduces storability. Optimal doses balance quality gains against reduced shelf life,
supporting practical post-harvest strategies; further research could optimize for

commercial scaling and minimal quality compromises.

5. Conclusion

Post-harvest treatments with ethephon (25 - 150 ppm) and smouldering rice husk
heat exposure (12 - 30 h) significantly enhanced key quality attributes of both
“Amritasagar” and “Sabri” bananas. Specifically, treated fruits exhibited increased
pulp-to-peel ratio, higher total soluble solids, elevated sugar content, and greater

titratable acidity compared to untreated controls. However, these benefits were
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accompanied by a dose-dependent reduction in shelf life, with the highest ethephon

concentration and longest heat exposure shortening marketable life by up to 20%.

Thus, while ethylene and heat treatments can improve banana eating quality, their

application must be balanced against accelerated post-harvest senescence to opti-

mize overall storability and consumer acceptance.
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