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Abstract 

The demand for safe and hazard free agricultural products prompted investigating the 

potentiality of natural preservative for the preservation of fruits and vegetables. Chitosan 

is one of the most studied biopolymer as natural preservative.  Research was conducted to 

assess the feasibility of extension of shelf life of banana (Musa sapientum) and two 

varieties (local and hybrid) of bitter gourds (Momordica charantia. L) were used for 

chitosan treatment. The fruits (bananas) were stored at ambient environment (30±1oC and 

75% relative humidity) and vegetables (bitter gourds) were stored both at ambient 

temperature as well as refrigeration condition (2-4oC). The effects of chitosan coating on 

banana and bitter gourd were examined by means of shelf life, microbiological 

examination and sensory evaluation. The overall results showed that effectiveness of 

40kGy irradiated Chitosan-1000ppm solution showed the best result in extending the 

shelf life of banana (60% increased) and deshi/local bitter gourd (about 65% increased) 

and chitosan-1500ppm acted most fruitfully only for hybrid bitter gourd (about 56% 

increased). On the other hand, 2.0% concentrations of chitosan have an ability to inhibit 

the load of microorganisms significantly with no cytotoxic effect. Finally, there was a 

significant effect of chitosan was observed with compare to formalin.  
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Introduction  

Fruits and vegetables are highly valued in human diet mainly for vitamins and minerals. 

However, the present consumption of fruits and vegetables in Bangladesh is 

126g/day/capita which are far below the minimum average requirement of 

400g/day/capita (FAO/WHO, 2003). Bangladesh produces 4-5 million tons of 

horticultural produce. There is estimation that only 0.5% of the horticultural production is 

processed (Mazed, 1999). The post harvest losses for crops are huge in Bangladesh. For 

example, in 2004-2005, fruits produced 1.50 million M. tons, where post harvest losses 

was about 0.45 million M. tons which exhibits the loss in total production is 30% (GOB, 

2000). A study primarily revealed that post harvest spoilage of some selected fruits and 

vegetables causes a loss of Taka 3,392 core every year in Bangladesh (Binh et al., 1995). 
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Many techniques have been studied in order to overcome these problems and extend the 

shelf life of fresh produce. Most fruit and vegetable sellers use formalin or formaldehyde, 

as an organic compound. Traders use this chemical as a preservative and to make fruits 

and vegetables look fresh for longer periods. In humans, the ingestion of formaldehyde 

has been shown to cause vomiting, abdominal pain, dizziness, cancer and in extreme 

cases can cause death. So, the food industries in many countries have been looking for 

natural and safe food preservatives (Sonti, 2003). Chitosan is non-toxic and easily 

biodegradable with gel forming ability at low pH (Muzzarelli, 1999). They can act as 

moisture and gas barriers, control microbial growth, preserve the color, texture and 

moisture of the product, and can effectively extend the shelf life of the product (Diep et 

al., 2000). Chitosan is well known coating material used in several fruits for prolonging 

their shelf life (Graham, 1990). Similarly, irradiation is an economically viable 

technology for reducing post harvest losses and maintaining hygienic quality of fresh 

produce (Boylston et al., 2002; Cheour and Mahjoub, 2003 and Gonzalez et al., 2004). 

Bananas (Musa sapientum) are a leading tropical fruit in the world market and it is one of 

the most popular fruit eaten in Bangladesh. Moreover, it is a popular dessert cultivar, 

widely grown in the north and western areas of Bangladesh accounts for 40.7% of the 

total fruit production in the country (Islam and Hoque, 2004). Bitter gourd (Momordica 

charantia.L) is also one of the important cucurbitaceous vegetables due to its high 

nutritional and medicinal values. It is referred to ‘King of gourds’ because of its higher 

nutrient content (Saha et al., 2004).  To date, use of this irradiated coating material has 

not yet been reported on fresh banana and bitter gourd. Therefore, in this study it was 

attempted to evaluate different types of locally developed irradiated Chitosan coatings 

most suitable for enhancing the shelf life and improving the quality of banana and bitter 

gourd. 

 

Material and Methods  

Study area: The experiment was conducted in the laboratory of FTNS, MBSTU, Tangail, 

Bangladesh and Institute of Radiation and Polymer Technology (IRPT), Bangladesh 

Atomic Energy Establishment, Dhaka. Fresh, healthy bitter gourd (local and hybrid) and 

naturally ripe banana were collected from Salimpur Upazila and Tangail Sadar.  

Preparation of natural preservative (Chitosan): Prawn shell waste was used for the 

preparation of chitosan. After grinding and sieving the shell was deprotenized by 3% 

NaOH (w/v) for 2 hrs at 60
o
C (solid: solvent/1:16). The extract was then washed and 

demineralized the chitin yield by 1N HCl for 2 hrs at 60
o
C (solid: solvent/1:16). 

Followed by washing the extract was then decolorized by acetone and bleach bleached 

with 0.315% NaOCl for 5 min at room temp (solid: solvent/1:10). Deacetylation of chitin 

was done by 50% NaOH for 3 hours at 100
o
C (solid: solvent/1:20). Finally the chitin was 

obtained through washing and drying. 

http://en.wikipedia.org/wiki/Organic_compound
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Radiated chitosan: The prepared natural preservative (chitosan) was irradiated at gamma 

radiation. For banana and bitter gourd preservation 40kGy radiation doses was used. 

Microbial analysis: Regarding microbial ecology, the levels of aerobic mesophilic 

microorganisms and fungal infection were determined as described in Lopez-Galvez et 

al. (2013). 

Determination of cytotoxicity: In vitro cytotoxicity test was performed using Brine 

Shrimp Lethality Bioassay method.  

Sensory analysis: For sensory analysis, quality was evaluated by a panel of three trained 

members. The samples were judged separately by a team of experienced judges for 

organoleptic parameters like colour, texture, taste, flavour and aroma using the Hedonic 

scale suggested by Krum (1955).  

 Statistical analysis: Two replications of each experiment, separately in time, were 

carried out. Samples were evaluated in triplicate per treatment and evaluation period. 

ANOVA and Brown–Forsythe tests were used in order to compare different treatments 

depending on the homogeneity of the variances using SPSS 19.0 for Windows at a 

significant level of P ≤ 0.05 for all the evaluations. 
 

Results and Discussion 

Extension of shelf life at Ambient and Refrigeration Environment: Banana 

At ambient temperature: Single treated banana 

The control and single treated bananas (sprayed once) were preserved at room 

temperature (30- 32ºC) and at normal humidity (77-85%) condition. After 3 days of 

preservation, result showed that sensational yellow color was developed in 90% of 

bananas at controlled atmosphere. On the other hand, 98% yellow and 2% greenish 

yellow for chitosan-1000ppm; 95% yellow and 5% greenish yellow for chitosan-

1500ppm were developed
 
and no fungal growth was found visually in any of the samples 

(Fig. 2).  After 5 days of storage, bananas preserved at control atmosphere were rejected 

considering the visual quality. Chitosan-1000ppm showed 10% blackish area and 

Chitosan-1500ppm showed 30% blackish area. Formalin (1 %) showed 20% blackish 

area with ripening (Fig. 1). There was no significant change during storage among the 

treatments. 

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 
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Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

    
Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

Fig. 1. Photographs showing the effects of different treatments on banana at ambient temperature 

(A- 0 days after treatment; B- 3 days after treatment and C- 5 days after treatment) 

At ambient temperature: Multiple treated bananas 

The control and multi treated bananas (sprayed multiple time) were preserved at room 

temperature and at normal humidity conditions. There were no significant changes during 

storages. 

    
Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

Fig. 2. Photographs showing the effects of different treatments on banana at ambient temperature 

(A- 0 days after treatment; B- 3 days after treatment and C- 5 days after treatment) 
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Biter Gourd 

The control and treated bitter gourds were preserved at ambient and refrigeration 

environment, the shelf life was observed for 5 samples in each group.  

At ambient temperature: Single treated bitter gourd (local & hybrid)  

There were no significant changes occurred during the storage in both varieties of 

samples. 

At ambient temperature: Multiple treated bitter gourd (local) 

The shelf life was observed for 10 samples in each group for 3 days at normal 

atmospheres. After 3 days of storage visual fungal infection was observed in the 

controlled samples but there were no significant changes among the rest of the samples 

during the storage period (Fig.3). 

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

Fig.3. Photographs showing the effects of different treatments on bitter gourds at ambient 

temperature (A- 0 days after treatment; B- 3 days after treatment and C- 5 days after treatment) 

At ambient temperature: multiple treated bitter gourd (hybrid) 

There were no significant changes in case of visual and fungal infection during the 

storage periods (Fig.4).  

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 
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Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

Fig. 4. Photographs showing the effects of different treatments on bitter gourds at ambient 

temperature (A- 0 days after treatment; B- 3 days after treatment and C- 5 days after treatment) 

At refrigeration temperature: single treatment of bitter gourd (local)) 

The shelf life was observed for 5 samples in each group. All groups of samples were 

wrapped with poly bag individually. The freezing temperature was 2-4
o
C. At 0 day all 

samples were 100% green for control, Chitosan-1000ppm, Chitosan-1500ppm, formalin 

(1%) solution and no fungal growth was found visually. After 7
 
days of storage there 

were no significant changes in term of visual inspection but in every case only moisture 

loss was observed. After 14 days, control samples were rejected due to spoilage by fungal 

infection but still the other samples were accepted in term of sensory evaluation. After 23 

days of storage, chitosan-1000ppm and chitosan-1500ppm treated samples were still 

showed well condition without fungal infection where as controlled and formalin treated 

samples were rejected visually. 

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

    

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 
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Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

Fig. 5. Photographs showing the effects of different treatments on bitter gourds at refrigeration 

temperature (A- 0 days after treatment; B- 3 days after treatment, C-10 days after treatment, D-14 

days after treatment, and E- 23days after treatment) 

At refrigeration temperature: single treated bitter gourd freezing (hybrid) 

The shelf life was observed for 5 samples in each group. All groups of samples were 

wrapped with poly bag individually. The refrigeration was 2-4
o
C. At 0 day all samples 

were 100% green for control, Chitosan-1000ppm, Chitosan-1500ppm, formalin (1%) 

solution and no fungal growth was found visually. The samples were stored and 

evaluated up to 5 days and there were no significant changes among the treatments. 

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 
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Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

    

Control Formalin (1%) Chitosan-1000ppm Chitosan-1500ppm 

Fig. 6. Photographs showing the effects of different treatments on bitter gourds at refrigeration 

temperature (A- 0 days after treatment; B- 3 days after treatment, C-4 days after treatment and D-5 

days after treatment) 

 

Microbiological Analysis 

Bitter Gourd: Bacterial Count 
 

Table 1. Bacterial count of preserved bitter gourd (local & hybrid) at ambient environment 

 

Sample Name 

 

Outer Count (cfu/g) Inner count (cfu/g) 

Local sample Hybrid sample Local  sample Hybrid sample 

Control 1.9×106 3.13×106 2.5×103 5×103 

Formalin 9.5×106 1.1×107 3×105 3.5×105 

Chitosan-1500ppm 5.75×106 6×106 6×106 9×104 

Bitter Gourd: Fungal count 

 
Table 2.Fungal count of preserved bitter gourd (local & hybrid) at ambient environment 

 

Sample Name 

 

Outer Count (cfu/g) Inner count (cfu/g) 

Local sample Hybrid sample Local sample Hybrid sample 

Control 5×103 3.15×103 2×102 < 102 

Formalin 1.8×103 3.75×103 6.5×102 < 102 

Chitosan-1500ppm 1.25×103 2.5×103 < 102 < 102 

 

Cytotoxicity Test 

Brine Shrimp Lethality Bioassay method was used for cytotoxic effect of the bitter 

gourds as a vegetable sample. Bitter gourd (local & hybrid) juice was dissolved in 

artificial sea water in which nauplii were inoculated. The number of death of nauplii was 
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found to increase at higher concentration of the juice (Table 3). It may be happened 

owing to three reasons: cytotoxic effect of the bitter gourds, decrease of dissolved oxygen 

concentration of the saline water, and formation of the viscous layer on the gills of 

nauplii. 
 

Table 3. Mortality of brine shrimp (A. salina) nauplii at different concentrations of bitter 

gourd juice 

 

Sample 

Name 

Parameter Dose 

(mg/ml) 

Initial 

Nauplii 

Taken 

No. of Nauplii 

Present after 

Incubation 

Mortality 

(%) 

Control 

(Negative) 

Artificial saline water _ 10 9 10 

Control 

(Positive) 

vincristine sulfate 10ul/ml 10 0 100 

Sample-1 Fresh bitter gourd 

control juice(Hybrid) 

10ul/ml 10 4 60 

Sample-2 Fresh bitter gourd 

control juice(Hybrid) 

20ul/ml 10 0 100 

Sample-3 Fresh bitter gourd  

control juice(Deshi) 

10ul/ml 10 1 90 

Sample-4 Fresh bitter gourd 

control juice(Deshi) 

20ul/ml 10 0 100 

Sample-5 4th day control sample 

juice(Hybrid) 

10ul/ml 10 0 100 

Sample-6 4th day control sample 

juice(Hybrid) 

20ul/ml 10 1 90 

Sample-7 4th day control sample 

juice(Deshi) 

10ul/ml 10 2 80 

Sample-8 4th day control sample 

juice(Hybrid) 

20ul/ml 10 0 100 

Sample-9 4th day Chitosan-1500 

sample juice(Hybrid) 

10ul/ml 10 4 60 

Sample-10 4th day Chitosan-1500 

sample juice(Hybrid) 

20ul/ml 10 0 100 

Sample-11 4th day Chitosan-1000 

sample juice(Deshi) 

10ul/ml 10 6 40 

Sample-12 4th day Chitosan-1000 

sample juice(Deshi) 

20ul/ml 10 0 100 

 

Sensory evaluation of preserved banana and bitter gourd 

Banana: After analysis the scoring value, an increasing trend was observed first time and 

then decreasing respectively. 

Color: The result showed that the single treatment color formalin (1%) showed the 

highest mean than other coated fruits. The lowest mean was observed in control (Table 

4).  Similar result was also found in multiple treated samples (result not shown). 
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Table 4. Color of banana at single treatment of natural preservative (Chitosan) and formalin 

(1%) at ambient environment 

 

Storage Period  

(Days) 

Color 

Control Formalin (1%) Chitosan-A Chitosan-B 

0 day 10 10 9.5 9 

3rd 6 8 9 7 

5th 2 6 4 3 

8th 2 3 1 2 

Mean 5 7.25 5.9 5.25 

A= 1000ppm  chitosan solution and B=1500ppm chitosan solution 

   Texture: For single treatment 40kGy irradiated Chitosan-1000ppm solution showing the 

highest mean in texture. The lowest mean score was observed in control (Table 5). As 

Chitosan coating created modified atmosphere in fruits so it retained strong texture than 

uncoated fruits. Similar result was also found in multiple treated samples (result not 

shown). 
 

Table 5. Texture of banana at single treatment of irradiated natural preservative (chitosan) 

and formalin (1%) at ambient environment 

 

Storage Period  

(Days) 

Texture 

Control Formalin(1%) Chitosan-A Chitosan-B 

0 day 10 10 10 10 

3 8 10 10 8 

5 4 7 6.5 5 

8 2 4 5 4 

Mean 6 7.75 7.87 6.75 

A= 1000ppm  chitosan solution and B=1500ppm chitosan solution 

   Putrefied area (%): For single treatment between Chitosan-1000ppm and Chitosan-

1500ppm, the first one has the highest score. On the other hand, among all samples 

control showed the lowest score (table 6). In multiple treated samples, controls had 

highest tasting score where 40kGy irradiated Chitosan-1500ppm solution had lowest 

score.   

 

Table 6. Putrefied area of banana at different treatment of irradiated natural preservative 

(chitosan) and formalin (1%) at ambient environment 

 

Storage Period 

(Days) 

Putrefied area (%) 

Control Formalin (1%) Chitosan-A Chitosan-B 

0 day 10 10 10 10 

5 8 10 9 7 

8 3 7 6 4.5 

9 Rejected Rejected Rejected Rejected 

Mean 7.0 9 8.33 7.16 

A= 1000ppm  chitosan solution and B=1500ppm chitosan solution 
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Bitter Gourd 

Color: In single treatment bitter gourd (local) chitosan-1500ppm solution dose showed 

the highest acceptability in color. Chitosan-1500ppm and 1000ppm solution dose have 

greater acceptability than 1% formalin solution. For single treatment (hybrid) chitosan-

1000ppm solution dose showed the highest acceptability in color. Chitosan-1500ppm and 

1000ppm solution dose have greater acceptability than 1% formalin solution.  

Texture: Both chitosan-1000ppm and chitosn-1500ppm solution had hard texture than 

uncoated bitter gourd (local) for single treatment. Chitosan-1000ppm and Chitosan-

1500ppm solution showed the highest acceptability than others. 1% formalin solution 

showed the lower acceptability. Also chitosan-1000ppm and chitosn-1500ppm solution 

had hard texture than uncoated bitter gourd (hybrid) for single treatment. 1% formalin 

solution showed the highest acceptability than others.  Chitosan -1000ppm and Chitosan-

1500ppm solution showed the lower acceptability (Table 7). Overall, there were no 

significant different between the samples and also in treatments. 
 

Table 7. Texture of bitter gourd (local & hybrid) at different single treatment  

 

 

 

Storage 

Days 

Texture 

 

Control 

Local Hybrid 

Formalin 

(1%) 

Chitosan- 

A 

Chitosan- 

B 

Control Formalin 

(1%) 

Chitosan- 

A 

Chitosan- 

B 

0 day 10 10 10 10 10 9 10 10 

3 7 8 10 10 4 8 7 6 

4 6.5 7 9 7 1 4 2 2 

5 4 4 6 5 Reject Reject Reject Reject 

Mean 6.87 7.25 8.75 8.0 5.0 7.0 6.33 6.0 

A= 1000ppm  chitosan solution and B=1500ppm chitosan solution 

Putrefied area (%): From this study, it was observed that chitosan-1500ppm solution had 

greater effectiveness than Chitosan-1000ppm solution, formalin (1%) and uncoated bitter 

gourd (local) samples. Chitosan-1500ppm and Chitosan-1000ppm solution showed the 

highest acceptability than others. 1% formalin showed the lower acceptability (Table 8). 

It was observed that Chitosan-1500ppm solution had greater effectiveness than Chitosan-

1000ppm solution, formalin (1%) and uncoated bitter gourd (hybrid) samples. Chitosan-

1500ppm and chitosan-1000ppm solution showed the highest acceptability than others. 

Control samples showed the lower acceptability.  

Banana is a perishable fruit (Sardar et al., 2008) but after application of irradiated 

chitosan solution as preservative the shelf life has extended. 40kGy radiation with 

1000ppm showed the best result as it had no visual fungal growth for single treatment. 

On the other hand 1000ppm solution showed the best result as it had no visual fungal 

growth for multiple treatments.  This radiation solution dose degraded the Chitosan in 

such molecular weight which act as perfect preservative film. At normal temperature in 
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single treatment bitter gourd (local) chitosan-1000ppm irradiate solution showed the best 

result than others and for bitter gourd (hybrid) chitosan-1500ppm solution showed the 

best result than other. Again multiple treatment bitter gourd (local) chitosan-1000ppm 

irradiate solution showed the best result than others and for bitter gourd (hybrid) 

chitosan-1500ppm solution showed the best result than other. In freezing treatment the 

bitter gourd (local) control was spoiled at 14
th

 day but the treated bitter gourd (local) 

sample spoiled at 23
th

 day for single treatment where chitosan-1000ppm showed the best 

result .In addition to, bitter gourd (hybrid) control was spoiled after 9 days but the treated 

bitter gourd (Hybrid) sample spoiled at 14
th

 day for single treatment where Chitosan-

1500ppm showed the best result. These results are consistent with other scientists in case 

of mango, carrot and tomato (Sardar et al., 2008; Barzegar et al., 2008 and Casariego et 

al., 2008). 

 
Table 8. Putrefied area (%)) of bitter gourd (local & hybrid) at different single treatment  

 

Storage 

Days 

Sensory Evaluation Putrefied area (%) 

 

Control 

Local Hybrid 

Formalin 

(1%) 

Chitosan-

A 

Chitosan-

B 

Control Formalin 

(1%) 

Chitosan-

A 

Chitosan-

B 

0 day 10 10 10 10 10 9 10 10 

3 9 9 10 10 3 8 6 8 

4 9 8 10 9 2 1 3 2 

5 4 3 5 7 Reject Reject Reject Reject 

Mean 8.0 7.5 8.75 9.0 5.0 6.0 6.33 6.66 

A= 1000ppm chitosan solution and B=1500ppm chitosan solution 

Study showed that chitosan extend the shelf life of litchi (Sun et al., 2010). Chitosan 

coating was seen to delay fruit senescence of strawberry fruits stored at 10ºC and 70±5% 

relative humidity (Hernandez et al., 2008). In the present study, the possibility of death of 

nauplii owing to toxicity is very low as the number of death was nil for lower 

concentrations, suggesting no cytotoxic effect. Moreover, chitosan was used as parent 

materials of the bitter gourds. Hence, the most possible reason for the death of nauplii is the 

formation of the viscous layer on the gills of the nauplii as the highly concentrated juice of 

the bitter gourds led to high viscosity and thus tends to the formation of gel like structure on 

the gills which eventually inhibit oxygen permeability of the gills and caused death. 

The mean values showed that in general, the color score was vary from day to day of 

storage in banana and bitter gourd. In our studies, the application of chitosan coating 

delayed the change in eating quality and partially inhibited the oxidative enzymes 

activity, phenylalanine ammonia lyase (PAL), peroxidase (POD), catalase (CAT) and 

polyphenol oxidase (PPO) of banana and in bitter gourd which is associated with 

discolouration.  
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This implies that the chitosan coating may form a protective barrier on the surface of the 

samples and reduce the supply of oxygen. Therefore, color variation highly occurred in 

control sample than chitosan coating sample. Superior variation of color scores might be 

due to chitosan coating, which maintained color and retained the quality of fruit until 1 

week and vegetable until 4 weeks of storage the decay started. Jiang & Li (2001) reported 

that chitosan treated long an fruit had good eating quality even after 30 days of storage at 

2°C. Chitosan retained fruit and vegetable quality and no off color was developed than 

control. These results tally with Munoz (2006) who reported the influence of the chitosan 

on strawberries stored at 20°C for 4 days showing better maintenance of eating quality. 

Also, chitosan delayed texture changes by inhibiting the increase of the enzyme activity 

of cellulose in Chitosan treated samples compared with the untreated sample. Doreyappa 

& Huddar (2001) reported that texture of mangoes after ripening showed significantly 

decreasing trend as the storage period proceeded when stored at 32-35°C. It might be due 

to fluctuations in acids, pH and sugar/acid ratio (Jitareerat et al., 2007). Fruit and 

vegetable treated without chitosan coating did not develop texture while Chitosan coated 

fruits and vegetable showed best results. Untreated control in banana fruits and bitter 

gourd vegetables had lowest textural scores. It might be due to the change in moisture, 

carbohydrates, proteins, amino acids, lipids and phenolic compounds that can influence 

the texture of fresh fruits and vegetable (Malundo et al., 1997). 

The beneficial effect of the elevated Chitosan concentration on firmness has also been 

reported for tomato (Ghaouth et al., 1992a), peach, Japanese pear, kiwifruit (Du et al., 

1997), ‘Murcott’ tangor (Chien et al., 2007a) and also in strawberry (Jiang & Li, 2001). 

The application of irradiated chitosan coating (with optimum concentration 1000ppm) 

could be beneficial and considered for commercial application in extending the shelf-life 

and assuring quality to some extent, controlling decay of banana and bitter gourd. In 

using chitosan for decay control, we consider that it may be suitable in the treatment of 

banana and bitter gourd stored for shorter periods (e.g. 8 and 5 days) or for short-distance 

transport and distribution. However, for longer storage (e.g. 23 and 14 days) and 

marketing, we adopted cold storage temperature (2-4
o
C) with plastic packaging for bitter 

gourd (local and hybrid) sample to control discoloration and decay. Study also showed 

that 2.0% concentrations of chitosan have an ability to inhibit the load of microorganisms 

significantly. This treatment can ideally be adopted for enhancing storage life of highly 

perishable fruits and vegetables like banana and bitter gourd to restrict the use of harmful 

preservatives by the growers and traders.  

 

Acknowledgements 

This work was financed by the University Grants Commission (UGC), Bangladesh of 

Mawlana Bhashani Science and Technology University (MBSTU), Tangail-1902, 

Bangladesh. We acknowledge the concession of the Grant for research. Very Special 



174 Haque et al. 

thanks to honorable Dean, Professor Dr. Md. Sirajul Islam, Faculty of Life Science & 

Director, IQAC, MBSTU for his guidance and methodical supervision during the  

research. We also appreciate Dr. Mubarak Ahmad Khan, Chief Scientific officer and 

Director, Institute of Radiation and Polymer Technology, Bangladesh Atomic Energy 

Commission, Dhaka, for his constructive advices and suggestions during the project 

work. 

 

References 

Abbasi N.A., Iqbal Z, Maqbool M and Hafiz I. A., (2009). Postharvest quality of mango 

(Mangifera indica) fruit as affected by chitosan coating. Pak. J. Bot., 41(1): 343-357 

Barzegar  H,  Karbassi  A,  Jamalian  J. and  Aminlari M., (2008). Investigation  of  the  Possible  

use  of Chitosan  as  a  Natural  Preservative  in  Mayonnaise Sauce. Journal of Science & 

Technology of Agriculture & Natural  Resources, 43 (B): 12 

Binh T. Q, Dien L. D, and Thanh B. K. (1995) Agriculture and Food Industry, 6: 220-221 

Boylston, T.D, C.A. Reitmeier, J.H. Moy, G.A. Mosher and L. Taladriz, (2002). Sensory quality 

and nutrient composition of three Hawaiian fruits treated by X-irradiation. J. Food Qlty., 

25(5): 419-433 

Casariego A, Souza BWS, BWS A.A, Vicente J.A, Teixeira L.C. and Diaz R., (2008).  Chitosan  

coating surface properties as affected by plasticizer, surfactant and polymer  concentrations  in  

relation  to the  surface properties  of  tomato  and  carrot.  Food Hydrocolloids, 22: 1452–
1459 

Cheour, F. and A. Mahjoub, (2003). Delayed ripening and senescence of strawberry by irradiation 

with gamma rays. Sciences des Aliments, 23(3): 355-366 

Chien, P.-J, Sheu, F. and Lin, H. R., (2007a). Coating citrus (Murcotttangor) fruit with low 

molecular weight chitosan increases postharvest quality and shelf life. Food Chemistry, 100: 

1160-1164 

Diep T. B, Lam N.D, Quynh T.M. and T.Kume, (2000). Genetics and Application. 11-15  

Doreyappa, G. and A.G. Huddar, (2001). Studies on ripening changes in mango fruits. J. Food Sci. 

Tech, 38: 135-137 

Du, J.M, Gemma, H. and Iwahori, S., (1997). Effects of chitosan coating on the storage of peach, 

Japanese pear and kiwifruit. Journal of the Japanese Society of Horticultural Science, 66: 15–
22 

FAO/WHO, (2003). Diet, nutrition and the prevention of chronic diseases. Report of a Joint 

FAO/WHO Expert Consultation. WHO Technical Report Series 916. Geneva, World      

Health Organization 

Ghaouth El, Arul A,  Grenier  J, and Asselin  A., (1992a).  Antifungal activity of chitosan on two 

postharvest pathogens of strawberry fruits. Phytopathology. 82(4): 398-402 

GOB, (2000). Report of the task force on comprehensive food security policy for Bangladesh, 

government of the people’s republic of Bangladesh 

Gonzalez-Aguilar, G, Wang C.Y. and Buta G.J., (2004). UV-C irradiation reduces breakdown and 

chilling injury of peaches during cold storage. J. Sci. Food Agric., 84(5): 415-422 

Graham, N.B. (1990) Controlled drug delivery systems. Chem.  Ind., 15: 482-6 

Hernandez-Mun P, Almenar E, Valle V. D. and Velez D., (2008). Effect of chitosan coating 

combined with postharvest calcium treatment on strawberry quality during refrigerated 

storage. Food Chemistry 110: 428–435 



Performance of Irradiated Chitosan and Formalin to Preserve Banana and Bitter Gourd 175 

Islam, S. and Hoque, M.A., (2004). Status of banana production in Bangladesh. p. 33-41.  

Jiang, Y., and Li, Y., (2001) Effects of chitosan on postharvest life and quality of longan fruit. 

Food Chemistry, 73: 139-143  

Jitareerat, P, Paumchai, S. and Kanlayanarat, S., (2007). Effect of chitosan on ripening, enzymatic 

activity, and disease development in mango (Mangifera indica) fruit. New Zealand Journal of 

Crop and Horticultural Sciences, 35: 211–218 

Krum, J.K. (1955). Truest evaluation in sensory panel testing. J. Food Eng., 27: 74-78 

Malundo T.M.M, Baldwin E. A, Moshonas M.G, Baker R.A. and Shewfelt R. L. (1997). Method 

for the rapid headspace analysis of mango (Mangifera indica L.) homogenate volatile 

constituents and factors affecting quantitative results. J. Agric. Food Chem., 45: 2187-2194 

Mazed M. A. (1999) Post-harvest technology for employment generation in rural Bangladesh. 

Bangladesh Agricultural Research Council, p.32-33 

 Molina, A.B., Eusebio, J.E., Roa, V.N., Van den Bergh, I, Maghuyop, M.A.G. and Borromeo, 

K.H., 2010.  Proceedings of the 2nd BAPNET Steering Committee meeting.  

Munoz, H.P, E. Almenar, M.J.  Ocio and R. Gavara, (2006). Effect of calcium dips and chitosan 

coating on post harvest life of strawberries. Postharvest Biol. Technol., 39: 247-253 

Muzzarelli R. A. A., (1999). Native, industrial and fossil chitins. Chitin and Chitinases. Berkhauser 

Verlag, Basel, Switzerland, 1-3 

Saha G, Das SN, Khatua D., (2004). Fruit and vine rot of pointed gourd–etiology, epidemiology 

and management. J. Mycopathol Res., 42:73-81 

 Sardar  A. H,  Rashid  H.,  Munshi  M.K. and Begum R., (2008). Shelf-life  extension  of  mango  

using  natural preservative  chitosan  at  room  temperature. Bangladesh. Journal of 

Environmental Research, 6: 31-37   

Sonti, S., (2003). Consumer perception and application of edible coatings on fresh-cut fruits and 

vegetables. Thesis, Department of Food Science, Osmania University 

Sun D, Liang G, Xie J, Lei X, and Mo Y., (2010). Improved preservation effects of litchi fruit by 

combining chitosan coating with ascorbic acid treatment during post harvest storage; African 

Journal of Biotechnology, 9(22): 3272-3279 

 

http://www.musalit.org/seeMore.php?id=8813

