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Abstract 
 
Sugar-apples (Annona squamosa) were harvested immediately after reaching maturity, washed 
and dipped in dissolved chitosan. After air-drying, the fruit were individually wrapped in 
polyethylene film and stored at 10oC. Sugar-apples coated with 2% chitosan and wrapped in 
polyethylene showed up to a 30% lower ripening rate compared to wrapped-only or non-
protected controls. In addition, it was found that chitosan treated sugar-apples maintained their 
quality better and preserved high sensory and nutrient qualities during a storage period of 12 
days at 100C. 
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Introduction 
 
Sugar-apples (Annona squamosa L.), also known as custard apples, belong to the genus 
Annonaceae and are one of the most popular tropical fruit in Asia. It has been ranked in Vietnam 
as a product with good export potential. However, sugar-apples are climacteric and have a very 
short storage life due to their fast ripening after harvest [1, 2, 3]. The softening and reduction of 
firmness of the fruit are the main reasons for the decrease in quality and the major drawback to 
developing an export market for this fruit [4, 5]. Therefore it is important to improve the 
preservation of the whole fruit and to extend its storage life. 
 
In addition to chemical and other treatments [6], storability of perishable crops has been shown 
to be improved by the application of semi-permeable coatings [7, 8]. Coating can delay fruit 
ripening of cherimoya, bananas and pears through modifying the internal atmosphere [9, 10, 11]. 
Similar results have been obtained in pears and apples using edible coatings [10, 12].  
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Figure 1. Annona squamosa or sugar apple. 
(Source: Wikimedia Commons) 

 
Chitosan is a high molecular weight polysaccharide. It is the deacetylated derivative of chitin, 
the skeletal biopolymer in shellfish carapace. In application, usually chitosan with a degree of 
deacetylation of 70-90% is used. The deacetylation results in the formation of many free amine 
groups that give chitosan its polycationic character that makes it possible to dissolve chitosan in 
diluted acid. Chitosan dissolved in diluted organic acids can be used as a casting fluid to form a 
preservative membraneous coating on fruit. The coating is food safe [13], and shows antifungal 
activity against several fungi [14, 15, 16]. Previous studies indicate that chitosan coating has the 
potential to prolong storage life and to delay the decay of many fruit, such as strawberries, 
peaches and table grapes [17, 18, 19]. Polyethylene wrapping is also a common method for 
preservation of fresh fruit [20, 21, 22]. In this research project, the effect of chitosan coating and 
polyethylene film wrapping on quality and storage of sugar-apples (Annona squamosa L.) has 
been investigated.  
 
Materials and Methods 
 
Mature sugar-apples were harvested from an orchard in Tay Ninh Province, Vietnam and washed 
in water. Fruit were selected for uniformity, shape, colour and size. Any blemished or diseased 
fruit was discarded. 
 
Chitosan with a degree of deacetylation 75% and a molecular weight of 1,200,000 Dalton was 
supplied by Nha Trang University, Vietnam. Coating solutions were prepared by dissolving 2% 
chitosan in 1% (w/v) lactic acid. The pH of the solutions was adjusted to pH 6.5 with 1M NaOH. 
Sugar-apples were individually dipped in the chitosan solution for 1 min and allowed to dry in 
air at room temperature for 2 h. 
 
Following this, each fruit was wrapped in polyethylene film and stored at 10oC. Non-coated non-
wrapped fruit served as control.  
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Samples of the treated and non-treated fruit were taken randomly every 3 days to analyze colour, 
weight loss, respiration rate, total sugar, titratable acidity and ascorbic acid content. Changes in 
colour of the peel were measured using a Minolta Chroma Meter CR-400 (Japan). Weight loss 
was determined by direct weighing. The percentage of weight loss was calculated with respect to 
the initial weight. Respiration rate of fruit was investigated by measuring the oxygen 
consumption rate [23]. Total sugar was measured by the phenol-sulphuric acid method [24]. 
Titrable acidity (as g/100 g) of citric acid was determined by the titrimetric method [25]. 
Ascorbic acid content was determined by 2,6-dichlor-ophenolindophenol titration [26]. 
 
All the results presented are the mean value of three replicates. Analysis of variance was 
performed using Microsoft Excel.  
 
Results and Discussion 
 
Effect of chitosan coating on the colour of the peel of sugar-apples 
Changes in the colour of sugar-apples were monitored by measuring lightness values (L value) 
and hue angle during 12 days of storage at 100C. Values are recorded in Figs. 2 and 3. Fruit 
coated with chitosan and wrapped in film darkened only slightly as evidenced by decreasing L 
values. Wrapping in polyethylene film only resulted in more change in L value. 
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Figure 2. Effect of chitosan coating in combination with wrapping in polyethylene film (PE) 
on changes in lightness L value of sugar-apples during storage at 100C, compared with 

effect of polyethylene wrapping PE only and with control (no protective treatment). 
Each value is the mean for five replicates, and vertical bars indicate the standard deviation. 

 
Coated and uncoated fruit samples showed a significant decrease in hue angle after 3 days of 
storage (Fig. 3). The uncoated sugar-apples were found to have a faster rate in decrease of hue 
angle, as compared with coated sugar-apples. 
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Figure 3. Effect of chitosan coating in combination with wrapping in polyethylene film (PE) 

on changes in hue angle of sugar-apples during storage at 100C, compared with effect of 
polyethylene wrapping PE only and with control (no protective treatment). 

Each value is the mean for five replicates, and vertical bars indicate the standard deviation. 
 
Peel colour scores of fruit in polyethylene film containing an ethylene scavenger remained 
“more green than yellow” until 12 days, this result is consistent with results observed 
by Jiang, et al [27]. 

 
Apparently, chitosan coating can delay peel colour changes in sugar-apples similar to the delay 
by edible coatings observed after treatment with some other naturally occurring biopolymers. 
However, differences in peel colour between coated and uncoated samples during the storage 
period at 100C in this study were more obvious than those obtained for sugar-apples and atemoya 
by other researchers [28, 29].  
 
Effect of chitosan coating on the rate of weight loss of sugar-apples 
One of the major factors responsible for the short shelf life of control sugar-apples was the high 
weight loss that caused shriveling and loss of brightness. Weight loss of coated and uncoated 
fruit increased with time of storage but was significantly reduced by chitosan coating (Fig. 4). 
The slower speed of weight loss in chitosan coated fruit and polyethylene film coated fruit might 
be partially caused by a blockade of dehydration [30]. 
 

Effect of chitosan coating on the respiration rate of sugar-apples 
The respiration rates of fruit coated with chitosan and wrapped in polyethylene film are shown in 
Fig. 5. Coating of sugar-apples with chitosan was found to lower the respiratory rate in every set 
of experiments. Chitosan coating reduces the inflow and outflow of gas and water loss. When 
sugar-apples start to ripen, their higher respiratory rate results in a decrease of internal oxygen 
concentration, whereas that of carbon dioxide increases. The high concentration of carbon 
dioxide helps to reduce the respiration process in the produce. This accumulation of gases makes 
sugar-apple also more resistant to the chilling injury [5, 31]. It was observed that at all stages of 
storage, fruit protected in both ways showed a slightly lower respiratory rate than fruit only 
wrapped. 
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Figure 4. Effect of chitosan coating in combination with wrapping in polyethylene film (PE) 
on changes in rate of weight loss of  sugar-apples during storage at 100C, compared with 

effect of polyethylene wrapping PE only and with control (no protective treatment). 
Each value is the mean for five replicates, and vertical bars indicate the standard deviation. 
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Figure 5. Effect of chitosan coating in combination with wrapping in polyethylene film (PE) 
on changes in the respiration rate of sugar-apples during storage at 100C, compared with 

effect of polyethylene wrapping PE only and with control (no protective treatment). 
Each value is the mean for five replicates, and vertical bars indicate the standard deviation. 

 
Effect of chitosan coating on total sugar content of sugar-apples 
Changes in total sugar content of sugar-apples with storage time are shown in Fig. 6. On the first 
day of storage, the percentage of total sugar content was 5.8%. The concentration of total sugar 
increased in all samples over time during storage. This is probably the result of the conversion of 
starch into glucose and fructose during ripening [28]. 
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Figure 6. Effect of chitosan coating in combination with wrapping in polyethylene film (PE) 
on changes in total sugar content of sugar-apples during storage at 100C, compared with 

effect of polyethylene wrapping PE only and with control (no protective treatment). 
Each value is the mean for five replicates, and vertical bars indicate the standard deviation. 

 
There is a rise in total sugar content during custard-apple ripening and atemoya ripening as well 
as with the decline in starch content [3, 29, 32]. Throughout the storage period, the total sugar 
showed an increasing trend. On 12 days, total sugar level of control fruit was 32.3% of soluble 
solids, whereas total sugar level of coated fruit ranged between 19.3 and 23.7%. In the control 
fruit the total sugar content was found to increase faster than in the coated fruit. After 
combination coating with chitosan and polyethylene film a lesser increase in total sugar was 
observed, compared with wrapping in polyethylene film only. The reduced increase in sugar 
content is probably due to the fact that the thin layer of chitosan on the surface of fruit delays the 
degradation process [27, 33, 34].  
 
Effect of chitosan coating on titratable acidity of sugar-apples 
The change in titratable acidity of sugar-apples as a function of storage time is shown in Fig. 7. 
Titratable acidity of sugar-apples increased at the initial period of storage, and then decreased 
significantly after 6 days for control fruit or after 9 days for coated fruit. Titratable acidity of 
coated fruit decreased only slightly at the end of storage period. The delay in the use of organic 
acids in the enzymatic reactions of respiration can be explained as the result of a slow down of 
the sugar-apple’s respiration rate due to the polymer wrapping. There was no significant 
difference in titratable acidity amongst coated fruit at the end of the storage period. 
 
After 12 days of storage, the lowest value (0.11%) for titratable acidity was found in control 
fruit, whereas the highest value (0.16%) was found in polyethylene film coated fruit. In general, 
the acidity of the majority of fruit decreases during ripening and storage time. For sugar-apples 
the increase observed is characteristic although less than expected, since Pal and Kumar [2] 
observed a variation of titratable acidity from 0.08 to 0.25% citric acid for mature custard apple. 
These results are in agreement with the findings of Vishnu and Sudhakarda [3], Yamashita, et al. 
[29] and Batten, [32], on custard-apples and atemoya fruits who reported the increase of 
titratable acidity of Annonaceae fruit during the initial period of storage followed by a decrease. 
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Figure 7. Effect of chitosan coating in combination with wrapping in polyethylene film (PE) 

on changes in titratable acidity of sugar-apples during storage at 100C, compared with 
effect of polyethylene wrapping PE only and with control (no protective treatment). 

Each value is the mean for five replicates, and vertical bars indicate the standard deviation. 
 

Effect of chitosan coating on changes in ascorbic acid content of sugar-apples 
The ascorbic acid content increased significantly in the first stage of storage in both uncoated 
and coated fruit, as indicated by Fig. 8, and then decreased after 3 days for control fruit or after 6 
days for polyethylene film wrapped fruit or after 9 days for 2.0% chitosan and polyethylene film 
protected fruit.  
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Figure 8. Effect of chitosan coating in combination with wrapping in polyethylene film (PE) 
on changes in ascorbic acid content of sugar-apples during storage at 100C, compared with 

effect of polyethylene wrapping PE only and with control (no protective treatment). 
Each value is the mean for five replicates, and vertical bars indicate the standard deviation. 
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After 12 days of storage ascorbic acid content losses for sugar-apples coated with chitosan was 
significantly lower than those for control fruit. These results are in line with the study of changes 
in titratable acidity of sugar-apples. Ascorbic acid at the start of the experiment was 25.7 
mg/100grams which increased with different treatments. Control fruit showed a maximum 
increase in ascorbic acid content to 56.9 mg/100grams after 3 days of  storage, while the 
maximum increase for polyethylene film wrapped fruit (54.9 mg/100grams) was observed after 6 
days and the maximum increase for 2.0% chitosan and polyethylene film protected fruit (53.3 
mg/100grams) after 9 days. On the last day of storage, ascorbic acid content was 19.6 
mg/100grams for the control while ascorbic acid contents ranged between 35.5 mg/100grams 
and 42.6 mg/100grams for the coated fruit. The results showed that sugar-apple coated with 
2.0% chitosan and polyethylene film were both found to have higher ascorbic acid content than 
ones wrapped in polyethylene film only. 

Conclusions 
The effects of chitosan coatings on postharvest life of sugar-apples in PE wrapping at 10oC can 
be summarized as follows: 
 
Chitosan coatings extend the shelf-life of sugar-apples by reducing the rate of weight loss, 
retarding respiration rate and delaying changes of rind colour, total sugar, titratable acidity and 
ascorbic acid during storage. Sugar-apples coated with 2.0% chitosan and wrapped in 
polyethylene film maintain their quality characteristics better, as compared with wrapping by 
polyethylene film only. The lower storage temperature used in our study decreased respiration 
and resulted in more significant differences between coated and uncoated samples.  
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