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Nepal produces large amount of bananas annually but suffers significant losses owing to
inappropriate postharvest management. The objective of the study was to determine the
influence of polythene and fiber bag packaging, and calcium chloride treatment on bananas
quality and shelf life. The two-factor experiment involved treatments that included bananas
wrapped in a polythene and fiber bag of size 60 cm x 60 cm, and an open space, combined with
calcium chloride concentrations of 1%, 3%, and 5%, along with untreated fruits kept in open
space without using any bag as a control. Each treatment was replicated three times in a Com-
pletely Randomized Design (CRD). The research was conducted for 16 (sixteen) days and the
observation taken were physiological weight loss, ripening percent, titratable acidity (TA), and
total soluble solid (TSS). Polythene bag with 5% CaCl, reduced 89.6% weight loss than that of
open space with 0% CaCl,. Similarly, polythene bag with 5% CaCl, reduced ripening percent-
age by 10.72% compared to open space with 0 % CaCl,. Polythene bag also reduced ripening
percentage by 4.14% compared to fiber bag at 16 Day of study. On the 16" Day, ripening
percentage was reduced by 5% by 5% CaCl, concentration compared to 0% CaCl,. A longer
time to reach ripening stage was observed in polythene than those of fiber bags and open
space. Thus, the polythene bag with 5% CaCl, fruits had the highest TSS content (23.2 °Brix).
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INTRODUCTION

Banana covers an area of 21,720 hectares with a production of
254,161 Mt and a productivity of 15.22 Mt/ ha in Nepal (MOAD,
2021). Postharvest losses refer to the reduction in quality of
food that occurs after harvesting before the food reaches the
consumer (Plich & Wajcik, 2001; Turan, 2008). These losses can
happen at various stages, such as during handling, storage,
transportation, processing, and marketing (Hussain etal., 2011).
According to FAO (2020), the large quantities of the losses
starts right after harvesting and loss increases many fold during
storage. In general, postharvest losses have been expected from
20 to 30% for fruits and could go beyond 50% under adverse
circumstances. In Nepal, postharvest loss of fruits and vegeta-

bles ranges from 30- 50% (Gautam & Bhattrai, 2012). Posthar-
vest loss in banana can be as high as 23- 43.5% and some years
even much higher in Nepal (Bhattarai, 2018). Loss was reported
to vary between 34- 40 % for banana in Nepal (Bhattarai, 2018),
where untreated storage without any packaging accounted 12%
(Prasad et al., 2015). Therefore, to minimize postharvest losses
during storage and maximizing of shelf life, postharvest treat-
ments such as chemicals treatment and packaging are needed for
effective marketing of banana in the country (Bhattarai, 2018).

Calcium is used in preserving the textural quality of living
produce. Calcium ions form cross-links between free carboxyl
groups of the pectin chains, resulting in reinforcing of the cell
wall of the fruits. The studies on effect of dipping fruits in
calcium chloride solution before storage reported increased
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post-harvest life of strawberries and pears (Hernandez-Munoz
et al, 2006; Rosen & Kader, 1989; Wojcik & Lewandowski
2003), shredded carrots (Izumi & Watada, 1994), mango (Singh
etal., 1998), and banana (Raja et al., 2022). Nevertheless, only
using ethylene suppressing chemicals is less effective. Similarly,
a study by Akter et al. (2015) reported that keeping banana
within both perforated polythene and fiber cover along with the
KMnO4 helps to delay ripening and significantly extend the
storage life. When the banana is kept in perforated polythene
and fiber bags, it slower down the physio- chemical activity
which delay ripening (Sarkar & Chattopadhyay, 1995; 1997).
Similarly, storage life of apple was extended by 3% in sealed
polythene along with KMnO4compared to untreated apple kept
in an open environment (Bhadra & Sen, 1999). Although, many
studies reported packaging materials and calcium chlorides
influence on shelf life of bananas separately, there is very
limited study on the combined effect of calcium chloride with
different packaging materials on extending the storage life of
banana in Nepal. The objective of the study was to compare the
shelf life of bananas by combined effect of packaging in
perforated polythene bag and treated with calcium chloride
versus those that were untreated and left unpacked. The study
hypothesized that the combined effect of calcium treatment and
polythene packaging will increase the shelf life of banana.

MATERIALS AND METHODS

The experiment was carried out in the Horticulture Department
laboratory at IAAS, Lamjung, Nepal in March 2020 AD. Randomly
selected matured fingers of banana were harvested on 26%
march, in the morning after the dew had evaporated from a farm
of Lamjung campus. The harvested fingers of the banana were
then transported to the laboratory, where they were washed and
clean with distilled water. Then fingers were then detached, and
treated by immersing in CaCl, solution of different concentra-
tions (1, 3, and 5%) for 5 min. Then, packaging was done using 9
banana fingers in each replication of each treatment. They were
arranged in the laboratory's slab making 12 treatment combina-
tions (detail is given below), with three replications using a Com-
pletely Randomized Design. Polythene and fiber bags of size 60
cm x 60 cm with perforation (8 holes/bags), perforated by pierc-
ing with a punching machine and each hole having a 3.5 mm diam-
eter were used. Physiological weight loss was recorded on 4%,
8™ and 12™ day while ripening was observed till the 16" day
since we were aiming for 100% ripening, which was observed on
16" day. Total soluble solid and titratable acidity was noted on
the 4" and 16" days after storage. The TA and TSS noted on 4"
day is regarded as the initial and on the 16™day is regarded as
the final. There were two batches per treatment. One was used
to track ripening percentage and physiological weight loss,
while the other was for biochemical analysis (TA and TSS).

Treatment details
The study was conducted using 12 different treatments.
Bananas were kept in fiber bags without calcium chloride (T1), fiber

bags with 1% calcium chloride (T2), fiber bags with 3% calcium chlo-
ride (T3), and fiber bags with 5% calcium chloride (T4). Bananas
were similarly kept in polythene bags without CaCl, treatment (T5),
polythene bags with 1% CaCl, (T6), polythene bag with 3% CaCl,
(T7), and polythene bag with 5% CaCl, (T8). Furthermore, bananas
were left in an open space without CaCl, treatment (T9), while oth-
er in open space were treated with 1% CaCl, (T10), 3% CaCl, (T11),
and 5% CaCl,. Higher concentration of CaCl, may damage the tis-
sue and reduce the ethylene sensitivity of the fruits which is not
desirable (Dhali et al., 2024). Similarly, lengthening the storage life
for too long also impact the texture and flavor of fruits. Hence, we
chose a maximum of 5% CaCl, concentration treatment.

Weight loss percentage

Initially weight was taken using an electronic digital balance on the
day of harvesting and consequently on 4™, 8™ and 12" day. Weight
loss percentage was calculated by the formula given below:

Weight loss (%) = (Initial weight - Final weight) x 100 %/ Initial weight

Ripening percentage

The ripening percentage of fruits was determined visually based
on skin color, sweetness, and softness. It was calculated by
using the following formula:

Ripening (%) = Number of riped fruits / Total number of fruits x 100

Total soluble solid
For TSS determination in °Brix, the handheld refractometer

(model: Atago, Japan, N-1Brix 0-32%) was used by placing two
to three drops of clear juice on the prism surface.

Titrable acidity

The determination of TA was performed using the acid-base
titration method given by Tyl & Sadler (2017). Five ml of pulp
juice (extracted by squeeze the pulp) was titrated against 0.1 N
NaOH (sodium hydroxide). The amount of NaOH consumed to
the endpoint was represented by the appearance of pink colora-
tion, and this volume of NaOH was noted. TA was calculated
using the following formula:

TA (%) = 0.1 N (NaOH) x V1 (mL) x 0.064 g/mol) x 100/V2 (mL)

Where V1 is the volume of NaOH consumed during titration
of the sample (mL), V2 is the volume of the sample (mL), and
0.064 g/mol is an acid milli-equivalent conversion factor.

Statistical analysis

R-Studio and Microsoft Excel were used for data analysis.
Microsoft excel were used for entering and organizing data.
Analysis of variance (ANOVA) was done by R studio version
1.4.1717. Duncan’s Multiple Range Test (DMRT) was used for
separating mean and for comparison between treatments.
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RESULTS AND DISCUSSION
Effect on physiological weight loss percentage and ripening percentage

Physiological weight loss

Polythene showed the lowest weight loss in each experimental
day compared to fiber bags and open space. On the 12 day,
open space showed the highest (20.93%), but polythene showed
the lowest (2.91 %) weight loss (Figure 1). Different concentra-
tions of CaCl, exhibited a significant difference in weight loss in
each experimental day (Figure 2). On the 4™ day, the highest
weight loss was observed in the untreated group (6.52%) which
was statistically at par with 1% CaCl,, and the lowest weight loss
was observed in 5% CaCl, (5.19%) which was also statistically at
par with 3% CaCl,. 5% treated bananas showed 18.93% and
15.33 % less weight loss on the 8™ and 12% day, respectively
compared to the untreated one. The combined effect of packag-
ing and calcium chloride treatment in influencing the weight loss
of banana during ripening and storage were significantly differ-
ent only on the 8" and 12" day (Table 1). On the 8" day, the high-
est weight loss (16.82%) was observed in the control (open space
with 0% CaCl,), whereas the lowest weight loss (1.23%) was ob-
served in polythene with 5% CaCl,. On the 12" day of storage,
control showed the highest weight loss (22.02%) but polythene
with 5% CaCl, showed the lowest weight loss whereas polythene
with 0% CaCl,, polythene with 1% CaCl, and polythene with 3%
CaCl, weight loss were statistically at par (Table 1).

Ripening percentage

Different packaging materials exerted significant results in terms of
ripening. Polythene packaging reduced ripening percentage by
52.08% and 17.08% on the 12" and 16™ day, respectively com-
pared to open space. On the 16" day of storage, maximum (100%)
ripening was observed in open space, and minimum (94.98%) was
found in polythene bag (Figure 3). The remarkable variation in rip-
ening percentage was shown between the different concentrations
of calcium chloride. On the 4™ day, the minimum ripening percent-
age (9.03%) was observed in bananas which were treated with 5%
CaCl, and also statistically at par with 3% CaCl, and maximum ripen-
ing was seen in untreated bananas. On the 16t day, the maximum
ripening percent (100%) was found in fruit treated with 0% CaCl, and
1% CaCl,, while the minimum was noted on bananas treated with 5%
and 3% CaCl, (Figure 4). The interaction effects of different packag-
ing materials and calcium chloride on ripening percentage were high-
ly significant. On the 16™ day of storage, bananas treated with 5% and
3% and kept in polythene bags were found less ripened compared to
other treatments. Bananas in open space whether treated or untreat-
ed showed 100% ripening on the 16" day (Table 2).

Effect of different packaging materials in total soluble
solids and titratable acidity

Total soluble solids contents increased with the storage period
(Table 3). The highest total Soluble solids contents (21.15 °Brix)
were found in polythene bag at the final ripening stage of stor-
age and the lowest total soluble solids content (14.03 9Brix) was
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Figure 1. Effects of packaging materials on weight loss of banana during
storage and ripening. Note: Values on the same day with different

Weight loss %
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Figure 2. Effects of different concentrations of Calcium Chloride on weight
loss of banana during storage and ripening. Values on the same day with
different superscripts are different at 1% level of significance.
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Figure 3. Main effects of packaging materials on ripening percentage of
banana during storage. Values on the same day with different superscripts
are different at 1% level of significance.
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Figure 4. Main effects of different concentrations of calcium chloride in
ripening percentage of banana during storage. Values on the same day
with different superscripts are different at 1% level of significance.
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Table 1. Combined effects of different packaging materials and calcium chloride on weight loss of banana during storage.

Packaging materials  Chemical CaCl,

Weight loss % in 4™ day

Weight loss %in 8" day  Weight loss % in 12" day

Fiber bags T1=0% 8.02
T2=1% 7.75
T3=3% 7.11
T4=5% 6.85
Polythene bags T5=0% 1.74
T6=1% 1.34
T7=3% 0.89
T8=5% 0.60
Open space T9=0% 9.78
T10=1% 9.48
T11=3% 8.84
T12=5% 8.13
F test NS
LSD (0.05) 0.74
CV% 7.54

13.82¢ 18.51¢
13.09¢ 17.72¢
12.41° 16.47"
11.49° 15.97°
2.33¢ 3.31¢8
2.018 3.198
1.83" 2.87¢
1.23" 2.28"
16.82° 22.02°
16.81° 21.91°
15.93° 20.75°
14.02¢ 19.06°
0.56 0.50
3.31 2.17

Note: **= Significant at 1% level of probability; Values in a same column with different superscripts are different.

Table 2. Combined effects of different packaging materials and calcium chloride on ripening percentage of banana during storage.

Packaging materials Treatment CaCl, 4 (DAS) 8 (DAS) 12 (DAS) 16 (DAS)
Fiber bags T1=0% 18.23° 61.33° 93.14° 100°
T2=1% 18.12° 52.33¢ 85.39¢ 100°
T3=3% 10.28 23.13f 69.238" 98.71%*
T4=5% 10.14¢ 2287 68.47" 97.82°
Polythene bags T5=0% 11.27¢ 25.8° 78.64° 100°
T6=1% 10.65% 26.24° 70.318 100°
T7=3% 8.37° 20.178 62.36' 90.65°
T8=5% 8.31° 20.138 61.15' 89.28°
Open space T9=0% 19.28° 82.58° 97.75% 100?
T10=1% 18.46™ 58.43° 83.24° 100°
T11=3% 8.93° 26.16° 74.45° 100°
T12=5% 8.64° 25.59° 73.13f 100°
Ftest - o - o
LSD (0.05) 0.97 1.39 1.59 1.52
CV% 4.59 2.23 1.24 0.92

Note: **= Significant at 1% level of probability, Values in the same column with different superscripts are different.

observed in open space which was statistically at par with fiber
bag (Table 3). Titratable acidity (TA) contents of fruit pulp for
different packaging materials were also found to be significantly
difference at the initial ripening stage but non-significant at the
final ripening stage (Table 3).

Effect of different concentration of calcium chloride in total
soluble solids and titratable acidity

The different concentrations of calcium chloride showed signifi-
cant variation in TSS and TA at all ripening stages. The maxi-
mum TSS (20.71 %brix) was observed in 5% CaCl, which was
statistically at par with 3% CaCl, while the minimum TSS (17.73
%rix) was found in 0% CaCl, at the final ripening stage of stor-
age (Table 4). Similarly, at the final ripening stage, the highest

value of TA (0.34) was observed in 0% CaCl, which was statisti-
cally at par with 1% CaCl, but the lowest value of TA (0.32) was
observed in 5% CaCl, (Table 4).

Combined effects of different packaging materials and calcium
chloride on TSS and TA

The combined effect of different packaging materials and
calcium chloride showed significant difference in TSS during the
storage. At the final ripening stage, the highest value of TSS
content (23.2 °Brix) was observed in a polythene bag with 5%
CaCl, and the lowest value of TSS contents (17 °Brix) was
observed in an open space with 0% CaCl,, which was statistical-
ly at par with open space with 1% CaCl, (Table 5). The com-
bined effect doesn’t show any difference in acidity.
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Table 3. Main effects of packaging materials on TSS (Total soluble solid) and TA (Titratable acidity) of banana during the initial (4™

day) and final stage (16™ day) of storage.

Treatment Initial TSS Final TSS Initial TA Final TA
Polythene bag 15.62° 21.15% 0.29° 0.33
Fiber bag 14.25° 18.38" 0.29° 0.34
Open space 14.03° 18.2° 0.30° 0.34

F test ** x * NS
LSD (0.05) 0.75 0.92 0.01 0.00
CV% 6.11 5.71 4.60 341

Note: *= Significant at 5% level of probability, **= Significant at 1% level of probability; NS= Non-significant, Values in the same column with differ-

ent superscripts are different.

Table 4. Main effects of different concentrations of Calcium chloride on TSS and TA of banana during storage and ripening.

Treatment Initial TSS Final TSS Initial TA Final TA
0% CaCl, 12.95¢ 17.73° 0.30° 0.34°
1% CaCl, 14.60° 18.46° 0.29% 0.34°
3% CaCl, 15.33% 20.06° 0.29° 0.33°
5% CaCl, 15.64° 20.71° 0.28° 0.32°
F TeSt k% * %k kk *
LSD(0.05) 0.87 1.07 0.01 0.11
CV% 6.12 5.71 4.60 341

Note: *= Significant at 5% level of probability, **= Significant at 1% level of probability; NS= Non-significant, Values in the same column with different su-

perscripts are different

Table 5. Combined effects of different packaging materials and calcium chloride on TSS and TA of banana during storage and ripening.

Packaging materials Treatment CaCl, Initial TSS Final TSS Initial TA Final TA
Fiber bags T1= 0% 13.07% 17.2¢ 0.30 0.34
T2=1% 15.4" 18%f 0.28 0.35
T3=3% 14.2°% 19 0.29 0.33
T4=5% 14.33 19.33 0.28 0.33
Polythene bags T5=0% 13.27% 19 0.30 0.34
T6=1% 15.4" 204" 0.29 0.33
T7=3% 16.6™ 22 0.28 0.32
T8=5% 17.2° 23.2° 0.27 0.32
Open space T9=0% 12.53¢ 17° 0.32 0.35
T10=1% 13° 17f 0.30 0.34
T11=3% 15.2" 19.2¢ 0.31 0.34
T12=5% 15.45 19.6% 0.28 0.33
F test * * NS NS
LSD (0.05) 1.50 1.21 0.08 0.06
CV% 6.12 571 4.6 341

Note: **= Significant at 1% level of probability; NS= Non-significant, Values in a same column with different superscripts are different.

The result indicated that packaged and calcium chloride treated
bananas had a higher shelf life. This support the research hy-
pothesis. The study found that fruits treated with 5% CaCl, and
packaged in perforated polythene showed positive result by
reducing weight loss and delayed ripening compared to untreat-
ed and unpacked fruits. This results align with the findings by
Yogi et al. (2023), Hailu et al. (2014), and Kaur & Kaur (2018).
The reduction in weight loss in polythene-packed fruits is credit-
ed to the bag capacity to maintain higher humidity, increase CO,
accumulation, and lower temperature, thereby reducing respira-
tion and water loss. Similarly, fruits treated with 5% CaCl,
showed reduced weight loss and ripening percentage along with
maintaining the sugar content. This result aligns with the finding

of a previous study by Dhali et al. (2024). By slowing down met-
abolic activities, calcium chloride significantly delays ripening
and senescence (Elbagoury et al., 2020). Reduced physiological
weight loss and ripening % were also noted by Sahay et al.
(2015) in bananas treated with calcium chloride and wrapped in
polythene.

Bananas packaged in polythene bag showed higher soluble solid
content compared to control in this study. This result was
supported by the study of Mahara & Karki (2024), who conclud-
ed that on the sixteenth day of the study, the TSS in bananas
packaged in polythene had increased by 16.97% (p<0.05)
compared to the bananas kept in open space. Similarly, Akter
etal. (2015), Dovel (2018), Prasad et al. (2015), and Yogi et al.

T AEM



Arjun Acharya et al. /Arch. Agric. Environ. Sci., 10(1): 132-138 (2025)

(2023) also reported the similar output. The conversion of
starch into soluble sugars during ripening is the reason behind
rise in soluble solid (Zewter, 2012). Similarly, polythene pack-
aged bananas had higher titratable acidity compared bananas
kept in open space in this study, which aligned with the findings
of Sahay et al. (2015) and Mahara & Karki (2024). However, Yogi
et al. (2023) found no difference in TA over the course of the
16-day research.

Conclusion

The packaged and treated bananas showed better performance
compared to untreated and unpackaged bananas. Among pack-
aging materials, perforated polythene bag packaging resulted
maximum reducing in weight loss and delayed ripening. Similarly,
among the calcium treatment groups, bananas treated with 5%
CaCl, showed better performance compared to untreated. Com-
bining performance of polythene and calcium treatment showed
better performance compared to others. Specifically, polythene
bag packing with 5% CaCl, showed the maximum reduction in
weight loss, delay ripening and retaining the sweetness for the
longer time compared to other treatments.
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