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Abstract 

The current study was carried out to evaluate the effect of hot water treatments and storage 

period on quality attributes of banana in the laboratory of Farm Structures, Sindh Agriculture 

University, Tandojam, Pakistan during 2017. Green matured Basari banana fruit free from 

defects was collected from local fruit market. The samples of banana fruit were dipped for 10 

minutes in four different water treatments i.e. control (T1), 40°C (T2), 50°C (T3) and 60°C (T4). 

The quality attributes of stored banana fruits was observed at initial time of storage and at an 

interval of five days. The results demonstrated a significant (p≤0.05) effect of hot water 

treatments and storage period on banana’s quality parameters. Highest values for moisture 

content (%), pulp firmness (N), pulp to peel ratio, titratable acidity (%) and ash content (%) 

were observed under T3 followed by T2, T1 and T4, whereas least values for total soluble solids 

(% brix), pulp pH, total sugar content (%), decay incidence (%) and weight loss (%) were 

observed for T3 followed by T2, T1 and T4. It was also observed that all quality attributes except 

moisture content, pulp firmness, titratable acidity and ash content increased with increasing 

storage period. The conducted study concluded that treatment T3 provided better results, 

maintaining better quality with minimum losses.  
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Introduction 

Banana (Musa sp.) is an important and one 

of the world's oldest cultivated fruit [1]. It 

is the World’s most popular fruit in terms 

of trade with a worldwide production of 145 

million metric tons [2]. As a diet, it’s an 

affluent source of carbohydrate with a 

calorific value of 67 calories per 100g fruit 

[3]. Being a major fruit crop of Pakistan, it 

has an international commercial 
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importance, however, its short shelf life 

seriously limits the marketing of the fruit, 

where extending banana shelf life could be 

a considerable commercially benefit to both 

exporters and retailers [4]. The quality of 

bananas rapidly declines when fully 

ripened. The ripe banana is soft and delicate 

with a post-harvest shelf life of 5- 10 days. 

Generally, the primary factors causing post-

harvest loss in fruits can be categorized in 

to mechanical, physiological, pathological 

or environmental factors [5]. Treatments 

such as fungicides, heat treatments and low 

temperature storage are being applied for 

extending the shelf life of banana, however 

nowadays, increased public concern over 

presence of chemical residues has 

progressively lead the adoption of heat 

treatment methods [6, 7]. 

Poor postharvest handling practices from 

farm to retail are considered to be the major 

factors influencing banana loss in supply 

chain [8]. External and internal appearance 

and market quality of bananas are 

influenced by several factors, including 

production practices [9]. Many storage 

techniques have been developed to extend 

the shelf life and prolong the freshness of 

banana for storage and exporting purposes. 

Cold storage of 13OC is practiced by 

developed nations to slow down fruit 

metabolism and therefore prolong 

senescence [10]. However, this is costly, 

and rapid fruit re-warm on the display 

shelves tend to reduce shelf life [11]. 

Modified atmosphere packaging and 

ethylene absorbent packaging have also 

been suggested as substitutes for low 

temperature storage, however, these 

storages are costly as it involves more 

labour for careful handling to prevent 

damage to bags and to keep the modified 

atmosphere conditions [12]. Heat treatment 

is one of the postharvest techniques which 

have been used as a plant quarantine 

procedure [13]. Fresh produce when treated 

with hot water resulted in better quality, 

which was significantly different from 

those fresh produce which were untreated 

[4]. The heated fruit as compared to non-

heated fruit resulted in better quality 

attributes with longer shelf life [14]. The 

study keeping the above facts in view was 

carried out to investigate the effects of 

different hot water treatments and storage 

period on the quality attributes of banana 

fruit.  

Materials and methods 

The present study was carried out in the 

laboratory of Farm Structures, Faculty of 

Agricultural Engineering, Sindh 

Agriculture University, Tandojam, 

Pakistan during 2017. Selected green 

matured variety banana named Basari free 

from defects was collected from the local 

fruit market. The banana samples were 

washed thoroughly with distilled water to 

get rid of soil particles and other foreign 

matter from the surface of fruits. The 

samples of banana fruit were dipped with 

different hot water treatments (Table 1) for 

10 minutes. Treated banana samples were 

then packed in 4 µm polyethylene bags, and 

stored for 15 days under ambient condition. 

The quality of stored banana were observed 

in terms of the following characteristics at 

initial time of storage and at an interval of 

five days.

Table 1. Hot water treatments 

Symbol Treatment 

T1 Control (untreated hot water treatment) 

T2 40oC hot water 

T3 50oC hot water 

T4 60oC hot water 

 

Moisture content (%) 

The moisture content in banana pulp was 

determined using oven dried method, 

keeping the sample in the oven at a 

temperature of 105OC for 24 hours. The 

moisture content percentage was calculated 

by following formula [15],      
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100×
W

W-W
 = (%) M.C.

f

df

 

Where, M.C = Moisture content in (%), Wf 

= weight of fresh banana sample (g) and Wd 

= weight of oven dry banana sample (g). 

Pulp firmness (N) 

The fruit pulp firmness was measured 

manually, using a hand held penetrometer 

(Model CL 700 A). Fruit samples were 

taken from each replication and dissected 

horizontally with the help of knife, the 

plunger of penetrometer was vertically 

placed into the pulp and pressed along the 

dissected area of fruit [16]. 

Determination of pulp to peel ratio (Pp) 

The pulp and peel were weighed separately 

with digital balance, the readings were 

expressed as pulp to peel ratio by using the 

following relation [15], 

(g)weight  Peel

(g)weight  Pulp
=Pp  

Total soluble solids (% Brix)  

The total soluble solids of fruit pulp was 

measured with the help of refractometer 

(Atago, japan) and reading was expressed 

in percentage (Brix). Refractometer before 

using was standardized with distilled water 

and was then adjusted to 0% Brix. 10 grams 

of pulp tissue was homogenized in 40 ml 

distilled water in the blender jug, and was 

then filtered with cotton wool. The reading 

was recorded by pouring two drops of 

filtrate on the glass prism of the 

refractometer [17]. 

Titratable acidity (%) 

Titratable acidity (also known as total 

acidity) was determined by titrating the 

pulp concentration against 0.1 N sodium 

hydroxide (NaOH) using phenolphthalein 

as indicator until the concentration changed 

to pink colour, the results were expressed as 

percentage of Malic acid in flesh pulp 

weight [18]. 

Pupl pH 

Pulp pH was determined in the pulp juice 

with a digital pH meter. About 10 grams of 

samples from each replication were taken 

and blended separately into 40 ml distilled 

water, preparing a concentration. After that, 

the probe of pH meter was dipped in 

concentration and readings were recorded 

[19]. 

Total sugar content (%) 

Exactly five grams of samples from each 

replication were taken into a beaker, adding 

100 ml of warm water for preparation of 

solution. The prepared solution was then 

stirred until all the soluble matters were 

dissolved and filtered through what man 

paper into a 250 volumetric flask. 100 ml of 

the solution adding 10 ml of diluted HCl was 

prepared and added to the conical flask, 

which was then boiled for 5 min. The 

solution on cooling was neutralized to 

phenolphthalein with 10% NaOH. This 

solution was used for titration against 

Fehling's solution and reading was 

calculated as follow [20],  

TSC (%) = Factor (4.95) x dilution (250) x 

2.5.  

Ash content (%) 

It is a measure of the total amount of 

minerals presented within a food. Ash 

content was determined according to 

method [17]. Ten grams from each sample 

were weighed in a silica crucible. The 

crucible was then placed in muffle furnace 

and heated for about three to five hours at 

600OC. After heating, the samples were 

collected and cooled in desiccator and 

weighed. The percentage of ash content 

was calculated using following formula, 

100×
(g) taken sample of Weight

(g) residue ofWeight 
 =(%) Ash

Decay incidence (%) 
Decay is one of the main factors limiting 

the storage and shelf life of fresh products. 

The signs of decay including fungal growth 

or rot spot was determined visually. The 

percentage of the decayed fruits was 

observed using the equation given below 

[21].  

Decay incidence (%) = Number of infected 

fruits / Total number of fruits used x 100 

Weight loss (%)  

Banana fruits were weighed before and 

after placing the samples in storage at an 

interval of five days. The weight was 

determined using sensitive balance (type 
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DT 2K model Lark ® 511214). The 

percentage of weight loss was calculated 

using the expression given below [21]. 
Weight loss (%) = Initial weight (g) - 

Weight (g) at sampling date / Initial weight 

(g) x 100 

Statistical analysis 
Analysis of variance (ANOVA) was 

performed using two factorial design model 

and mean multiple comparison was carried 

out with least significant difference test at 

5% probability level. 

Results and discussion 

Moisture content (%) 

Influence of hot water treatments on the 

moisture content of banana fruit is 

represented in (Table 2). It was noticed that 

average moisture content ranged between 

68.24 to 69.18% with an average of 

68.70%. The highest banana moisture 

content was recorded under treatment T3, 

followed by T2 and T1 respectively, 

whereas lowest moisture content recorded 

was observed with treatment T4. The initial 

average moisture content of Basari fruit 

was observed to be 73.07% which 

decreased with passage of time. Decreasing 

trend of moisture content was due to higher 

respiration rate during storage and was also 

observed by John and Marchall [22].  

Pulp firmness (N) 

Table 3 shows the influence of hot water 

treatments on the fruit pulp firmness of 

banana fruits. Pulp firmness of Basari 

banana variety ranged between 4.63 to 5.11 

N. The highest banana fruit pulp firmness 

with 5.11N was observed under T3
 (50oC 

hot water dip for 10 minutes), followed by 

T2, and T1, where minimum with 4.63 N 

was observed under treatment T4. The 

average initial pulp firmness of banana was 

observed to be 7.04 N, which decreased 

with increasing days of storage. The 

average decrease in pulp firmness of Basari 

banana after 15 days was observed to be 

2.15 N. Decreasing trend in fruit pulp 

firmness during storage was due to 

solubilization of peptic substances in the 

cell wall and middle lamella, which was 

also reporte by Dadzie [23].  

Pulp to peel ratio (Pp) 

A significant difference was observed for 

banana when treated with different 

treatments (Table 4). It was noticed that 

pulp/peel ratio of Basari ranged between 

2.08 to 2.29 with an average of average of 

2.18. The highest banana pulp/peel ratio 

with 2.29 was recorded under T3 (50OC hot 

water dip for 10 minutes), followed by T2, 

T1 and T 4 with 2.21, 2.14 and 2.08 

respectively. Initial pulp/peel ratio of 

Basari fruit was observed to be1.81 which 

after 15 days of storage increased to 2.86. It 

was observed that pulp/peel ratio 

simultaneously increased with increasing 

storage time. Fallik [13] stated that heat 

treatment is one of those postharvest 

techniques which have been used as a plant 

quarantine procedure in mango, banana, 

apple, avocado, and litchi, which indeed 

maintains the quality of fresh produce.  

Decrease in moisture content and pulp / 

peel ratio during initial days was due to 

breakdown of carbohydrates and osmotic 

transfer from peel into pulp, which has also 

been reported by Castelo-branco et al. [24]. 

Total soluble solids (% Brix) 
Table 5 represents the effect of hot water 

treatments on total soluble solids of banana 

fruit. It was observed that total soluble solid 

of Basari ranged between 13.50 to 15.60% 

with average of 14.65%. The highest 

banana total soluble solid with 15.60% was 

observed under T4 (60OC hot water dip for 

10 minutes), followed by T1 and T2, 

whereas minimum total soluble solids with 

13.50% was observed for treatment T3. It 

was observed that the total soluble solids 

increased with increasing days, initial total 

soluble solids was observed to be 10.09% 

which with passage of time increased to 

19.55 %. Increase in total soluble solids 

was due to breakdown of starch into soluble 

sugars [10]. Similar findings has also been 

reported by Yap et al. [25].   

Titratable acidity (%) 

Banana’s quality had significantly been 

effected (p≤0.05) when treated with 

different hot water temperature and storage 

period (Table 6). Basari banana under 
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treatment T3 resulted highest titratable 

acidity (0.57 %), where with 0.44 % 

(minimum) it was observed under treatment 

T4. Initial average titratable acidity of 

Basari banana was observed to be 0.74 %, 

which with increasing storage decreased to 

0.30 %. Decrease in titratable acidity was 

due to increase in total soluble solids [26]. 

High temperature which increases the rate 

of respiration in fruits results subsequently 

to the breakdown of the inner tissues, the 

results are in line with the findings of Kader 

[27].   

Pulp pH 

The influence of hot water treatments on 

pulp pH of banana fruit is represented in 

(Table 7). The pulp pH of Basari banana 

ranged from 5.32 to 5.78, with an average 

of 5.54. The highest banana pulp pH of 5.78 

was observed under treatment T4 (60OC hot 

water dip for 10 minutes), followed by T1 

(control) and T2 (40OC hot water dip for 10 

minutes), whereas lowest pulp pH with 5.32 

was observed under treatment T3 (50OC, hot 

water dip for 10 minutes). Pulp pH with 

increasing storage days increased from 4.62 

(initial) to 6.22 (after 15 days of storage). 

Increase in pulp pH relates to the increasing 

titratable acidity. These findings are 

parallel with the study of Kyu Kyu Win et 

al. [28], whom for banana obtained similar 

results and stated that the quality of bananas 

rapidly declined when fully ripened. 

Total sugar content (%) 

Table 8 shows the influence of hot water 

treatments on total sugar content of Basari 

banana fruit, which were observed to be 

statistically different (p≤0.05). Total sugar 

content of Basari banana ranged from 8.94 

to 10.33 %, with an average of 9.62 %. The 

highest total sugar content with 10.33% 

was observed under treatment T4, followed 

by T1 with 9.75 %, T2 with 9.45 and T3 with 

8.94 (minimum). An increase in total sugar 

content was observed with increasing 

storage days for all treatments. Prasajith et 

al. [29], reported that total sugar content in 

fruits showed an increased trend that was 

due to the rapid induction of pre-climacteric 

and climacteric phases, where Marriot and 

Palmer [30] observed same that was due to 

climacteric peak in respiratory metabolic 

pathways in starch hydrolysis. 

Ash content (%) 

Ash content when observed was 

significantly affected by hot water 

treatments. Ash content as influenced by 

hot water treatments are represented in 

(Table 9). Ash content of Basari banana 

ranged from 3.65 to 4.02%, with an average 

of 3.84%. The highest ash content with 4.02 

% was observed under treatment T3 (50OC, 

hot water dip for 10 minutes), followed by 

T2, T1 and T4. Average ash content was 

initially observed to be 5.19 %, which with 

increasing days of storage reduced to 2.96 

%.Similar finding in reduction of ash 

content with respect to increasing days in 

storage has also been reported by Varit and 

Songsin [4] and Blessing et al [31]. 

Decay incidence (%) 

Hot water treatments and storage period 

had a significant (p≤0.05) effect on decay 

incidence of Basari banana fruit (Table 10). 

Highest decay incidence was observed 

under treatment T4 with 15.81 %, followed 

by T1 with 15.38 %, T2 with 13.66 % and 

minimum for T3 with 8.88 %. The decay 

incidence ranged between 8.88 to 15.81 % 

with an average of 13.43 %. Decay 

incidence while keeping the samples in 

storage was 0.00 % which then with 

increasing days of storage averagely 

increased to 24.55 %.  Similar loss of decay 

incidence has also been reported by Paul 

and Chen [7], where Lurie [6] observing 

same stated that postharvest heat treatments 

of fruit have been used for insect 

disinfestations, enhancement of fruit 

tolerances to other stress and also 

maintenance of fruit quality during storage. 

Weight loss (%) 

Table 11 shows the influence of hot water 

treatments on the weight loss of Basari 

banana fruit. Weight loss of Basari banana 

ranged between 7.60 to 9.13 %, with an 

average of 8.36 %. The highest banana 

weight loss was observed under treatment 

T4 (60OC, hot water dip for 10 minutes), 

followed by T1 and T2, whereas lowest with 
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7.60 % was observed for treatment T3. 

Average weight loss of Basari banana 

reduced with increasing days of storage, 

which with a maximum average was 

observed to be 14.88 %. The higher weight 

loss in treated fruits were due to the upsurge 

in the respiration rates by fruits during the 

storage, accelerated evaporation rate from 

surface of fruits and burning of tissues of 

fruit surfaces [32]. Similar weight loss for 

banana has also been reported by Mahajan 

et al. [33].

Table 2. Moisture content (%) of banana fruit as influenced by different hot water 

treatments and storage period 

Treatment 
Storage period  

Mean 0 day 05 day 10 day 15 day 

T1 73.90 68.83 66.76 64.76 68.56C 

T2 72.80 69.56 67.48 65.45 68.82B 

T3 72.20 70.26 68.16 66.11 69.18A 

T4 73.40 68.56 66.51 64.51 68.24D 

Mean 73.07A 69.30B 67.22C 65.21D  

 

Table 3. Pulp firmness (N) of banana fruit as influenced by different hot water treatments 

and storage period 

Treatment 
Storage period  

Mean 0 day 05 day 10 day 15 day 

T1 7.03 5.89 4.21 2.09 4.81C 

T2 7.06 6.02 4.52 2.18 4.95B 

T3 7.06 6.35 4.71 2.31 5.11A 

T4 7.01 5.47 4.02 2.00 4.63D 

Mean 7.04A 5.93B 4.37C 2.15D  

 

Table 4. Pulp/Peel ratio of banana fruit as influenced by different hot water treatments 

and storage period 

Treatment 
Storage period  

Mean 0 day 05 day 10 day 15 day 

T1 1.81 1.83 2.12 2.81 2.14C 

T2 1.83 1.87 2.23 2.90 2.21B 

T3 1.80 1.95 2.31 3.10 2.29A 

T4 1.81 1.83 2.04 2.62 2.08D 

Mean 1.8D 1.87C 2.18B 2.86A  

 

Table 5. Total soluble solids (% Brix) of banana fruit as influenced by different hot 

water treatments and storage period 

Treatment Storage period  

Mean 0 day 05 day 10 day 15 day 

T1  10.40 13.20 16.40 20.76 15.19B 

T2  9.86 12.76 15.80 18.86 14.32C 

T3 9.20 12.20 15.20 17.40 13.50D 

T4 10.90 13.76 16.60 21.16 15.60A 

Mean  10.09D 12.98C 16.00B 19.55A  
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Table 6. Titratable Acidity (%) of banana fruit as influenced by different hot water 

treatments and storage period 

Treatment 
Storage period  

Mean 0 day 05 day 10 day 15 day 

T1 0.71 0.53 0.40 0.28 0.48C 

T2 0.80 0.58 0.47 0.33 0.55B 

T3 0.72 0.65 0.52 0.37 0.57A 

T4 0.73 0.50 0.32 0.21 0.44D 

Mean 0.74A 0.57B 0.43C 0.30D  

 

Table 7. Pulp pH of banana fruit as influenced by different hot water treatments and 

storage period 

Treatment 
Storage period  

Mean 0 day 05 day 10 day 15 day 

T1 4.58 5.42 6.05 6.30 5.59B 

T2 4.74 5.39 5.82 6.00 5.49C 

T3 4.65 5.29 5.57 5.75 5.32D 

T4 4.52 5.48 6.32 6.81 5.78A 

Mean 4.62D 5.40C 5.94B 6.22A  

 

Table 8. Total sugar content of banana fruit as influenced by different hot water 

treatments and storage period 

Treatment 
Storage period  

Mean 0 day 05 day 10 day 15 day 

T1 4.21 6.75 12.58 15.47 9.75B 

T2 4.45 5.91 12.76 14.66 9.45C 

T3 4.87 5.17 11.90 13.80 8.94D 

T4 4.02 7.20 13.10 16.99 10.33A 

Mean 4.39D 6.26C 12.59B 15.23A  

Table 9. Ash content of banana fruit as influenced by different hot water treatments and 

storage period 

Treatment 
Storage period  

Mean 0 day 05 day 10 day 15 day 

T1 4.91 3.73 3.50 2.98 3.78C 

T2 5.82 3.55 3.33 2.84 3.88B 

T3 4.64 4.19 3.93 3.35 4.02A 

T4 5.40 3.37 3.16 2.69 3.65C 

Mean 5.19A 3.71B 3.48C 2.96D  

Table 10. Decay incidence of banana fruit as influenced by different hot water treatments 

and storage period 

Treatment 
Storage period  

Mean 0 day 05 day 10 day 15 day 

T1 0.00 15.36 18.90 27.26 15.38B 

T2 0.00 13.16 16.19 25.27 13.66C 

T3 0.00 8.55 10.52 16.43 8.88D 

T4 0.00 15.23 18.74 29.25 15.81A 

Mean 0.00D 13.08C 16.09B 24.55A  

 

http://dx.doi.org/10.19045/bspab.2018.700195


  Kaka et al. 

370 

Table 11. Weight loss of banana fruit as influenced by different hot water treatments and 

storage period 

Treatment 
Storage period  

Mean 0 day 05 day 10 day 15 day 

T1 0.0 5.72 13.5 15.18 8.60B 

T2 0.0 5.43 12.6 14.40 8.11C 

T3 0.0 5.26 11.3 13.84 7.60D 

T4 0.0 6.10 14.3 16.10 9.13A 

Mean 0.00D 5.63C 12.93B 14.88A  

 

Conclusion 

The study concluded that, the hot water 

treatment with storage period when 

observed had a significant effect on the 

quality attributes of Basari banana fruit. 

Banana when treated with 50OC, hot water 

dip for 10 minutes resulted highest values 

for moisture content (%), pulp firmness 

(N), pulp to peel radio, titratable acidity 

(%), ash content (%) and lowest values for 

total soluble solids (% Brix), pulp pH, total 

sugar content (%), decay incidence (%) and 

weight loss (%). Furthermore it was also 

observed that quality attributes leaving 

moisture content, pulp firmness, titratable 

acidity and ash content increased with 

increasing days of storage. This study 

strongly suggest the farmers and 

stockholders to adopt this hot water 

processing (50OC, hot water dip for 10 

minutes) technique to improve the quality 

attributes of banana along with increasing 

its shelf life.  
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