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Abstract 
Papaya (Carica papaya L.) is an important fruit widely cultivated commercially throughout Thailand. Its all year 
around fruit bearing capability makes papaya a popular fruit with Thai people. Unfortunately, papaya has a very 
limited shelf-life, as such; the objective of this research was to delay the external postharvest qualities by using 
chitosan and calcium chloride on the ‘Holland’ variety of papaya fruit. The experiment was arranged in a 
Factorial Completely Randomized Design, composed of two factors: coating with chitosan at four concentrations 
(1.0, 1.5, 2.0 or 2.5%) or dipping in calcium chloride solution at four levels (1.0, 1.5, 2.0, or 2.5%), compared 
with control fruits. After treating, all treatments were stored under ambient temperature (27 C, 80% R.H.). The 
results showed that fruit treated with chitosan, irrespective of any concentrations, had the least similar fruit 
weight loss after six days of storage; however, fruit-treated  with 2.5% chitosan showed the maximum fruit 
firmness and a delayed red color appearance on the fruit skin. In addition, the best treatment for extending 
shelf-life proved to be from a treatment of 2.5% chitosan.  

Keywords: chitosan, calcium chloride, papaya, skin color, shelf-life  

1. Introduction 
Papaya (Carica papaya L.) is a native tropical fruit from the Americas (Singh, 1990). It is a popular and 
economically important fruit tree that is typically planted in tropical and subtropical zones (da Silva et al., 2007). 
Thailand ranks eighth, among nations with producing regions in Asia, South America, North Central America 
and Africa (Jha et al., 2010). In Thailand, papaya production shows continuous harvest all year-round. Thus, 
papaya is considered as an important commercial and popular fruit crop cultivated widely in several regions 
throughout Thailand, ie., Ratchaburi, Nakornpathom, Saraburee, and Nakornratchaseema. Somsri (2014) cited 
that the total cultivation area in Thailand covers about 17,430 ha. In 2008 the eastern and the southern regions 
had the largest papaya area of 44 and 16%, respectively with an overall production volume of more than 201,099 
t. Papaya is consumed world-wide as a fresh fruit and as a vegetable, especially green papaya salad, which is a 
famous Thai and Lao food (Boonyaritthongchai & Kanlayanarat, 2010). In addition, it also used in processed 
products such as jams, pickles, candies and dried fruit, and desserts (Verheij, 1991; da Silva et al., 2007). Papaya 
is a good source of vitamin A, vitamin C, calcium, (Arriola, Calzada, Menchu, Role, & Garcia, 1980; Hayes, 
1993), ascorbic acid and potassium (Chan & Tang, 1979), especially carotene and riboflavin, which acts as an 
anti-oxidant (De La Cruz Medina, Gutiérrez, & García, 2003) Thus, papaya consumption is considered as a health 
benefit, particularly with its excellent medicinal properties, digestion enhancement and relief from constipation 
(Jayathunge, Prasad, Fernando, & Palipane, 2011). Its minimally processed state is popular among Thai people 
(Boonyaritthongchai & Kanlayanarat, 2010). As it ripens, papaya fruit develops a deep orange-red colored skin 
while the flesh becomes succulent and aromatic. Phummalee (2013) reported that commercial papaya varieties 
include Kakdum, Kaknuan, Krung, and Holland. In Thailand, ‘Holland’ papaya weighs from 800 to 1200 grams 
per fruit. This variety is famous for its commercial fresh consumption value, attributable to its lack of sap odor, 
thick flesh sweetness, flesh firmness, and transportation endurance (Krongyut et al., 2011; Phummalee, 2013). 
Generally, papaya fruit is a highly perishable commodity that is affected by a number of factors leading to 
postharvest losses (Tasiwal, 2008). After harvest, papaya fruit has a rather limited storage life due to its rapid 
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ripening, loss of fruit firmness, peel color change, and diseased appearance (Boonyaritthongchai & Kanlayanarat, 
2010). Postharvest losses in papaya of approximately 40-100% have been reported in developing countries 
(Coursey, 1983). Sharma and Alam (1998) reported that postharvest papaya fruit loss is between 40-100 percent 
of total annual production. Jayathunge et al. (2011) reported that postharvest life of fresh papaya varies from 
three to six days under tropical climatic conditions, due to enhanced physiological activities such as respiration 
and other metabolic processes that are associated with fruit deterioration. Chitosan, is a linear polysaccharide 
consisting of (1,4)-linked 2-amino-deoxy-β-d-glucan, which is extracted from the exoskeleton of crustaceans 
such as shrimps and crabs. It is also extracted from the cell walls of some fungi (No & Meyers, 1997). Chitosan 
has been found to be nontoxic, biodegradable, biofunctional, and biocompatible in addition to having 
antimicrobial characteristics and versatile chemical and physical properties (Wang, 1992; Darmadji & 
Izumimoto, 1994; Jongrittiporn, Kungsuwan, & Rakshit, 2001; Jayakumar, Prabaharan, Reis, & Mano, 2005; 
Jayakumar & Reis, 2006; Jayakumar, Nwe, Tokura, & Tamura, 2007; Dutta, Tripathi, Mehrotra, & Dutta, 2009). 
Several studies have been done with chitosan as a coating material (Zhang & Quantick, 1998; El-Ghaouth, Arul, 
Ponnampalam, & Boulet, 1991a; El Ghaouth, Arul, & Asselin, 1991b; Li & Yu, 2001). Thus, at the present time 
chitosan is regarded as a promising material for an edible coating in the fruit postharvest field (Olivas & 
Barbosa-Cánovas, 2005). For calcium chloride, Lester and Grusak (1999) reported that calcium applications 
have been known to be effective in terms of membrane functionality and integrity maintenance, which maintains 
the postharvest life in several fruits. The Nepal Agricultural Research Council reported significantly lower 
weight loss among stored tomato treated with calcium chloride (Sellars, 2010). However, postharvest research 
about treating with chitosan or calcium chloride has not been conducted on ‘Holland’ papaya fruit under ambient 
temperature. Therefore, this research focused on the effects of chitosan coating or calcium chloride dipping at 
different concentrations on the external postharvest changes and storage life of ‘Holland’ papaya fruit stored at 
room temperature. 

2. Method 
Fresh papaya fruits (variety ‘Holland’) were harvested at their commercial maturity stage based on peel color (25 
% color break stage) from a commercial orchard in Sarkaew province, in the northeast of Thailand. The fruits 
were enclosed in styrofoam net sleeves and packed stem-end down in plastic crates. Fruits were carefully 
transported immediately under ambient condition arriving at the laboratory of the Agricultural Technology 
Division, Mahasarakham University within six hours after harvest. After they arrived at the laboratory, the fruits 
were selected again for uniformity in size (average weight of 500 g), color, freedom from external damage and 
free from defects. The experiment was carried out from June to August 2013 at the Division of Agricultural 
Technology, Faculty of Technology, Mahasarakham University, in the northeast of Thailand. The experiment was 
conducted in a Factorial in Completely Randomized Design composed of two factors: coating with chitosan or 
soaking in calcium chloride solution at four levels of concentration at 1.0, 1.5, 2.0, and 2.5% for 5 min. Each 
treatment was carried out in four replicates with 10 papaya fruits per replication. After treating, all fruits were 
allowed to drain and left to dry at room temperature before storage. Non-coated or dipped fruits were used as 
control. Afterwards, all fruits were stored at ambient temperature of 27 °C and 80% RH. The following 
determinations were made every two days for assessment of fruit weight loss, firmness, peel color, disease 
incidence, and shelf-life. Weight loss was determined by recording the initial and after storage weight at two day 
intervals throughout the storage period and expressed as percentage loss of initial weight. Fruit firmness was 
determined on two opposite sides of each fruit using a penetrometer using a 5 mm diameter plunger and 
expressed as kg/cm2. Peel color determination was made using a Minolta colorimeter model CR-210, Japan in 
terms of L* (lightness or brightness ranging from black = 0 to white = 100); a*: greenness (−) to redness (+), 
with and b* values (blueness (−) or yellowness (+) (McGuire, 1992) on the opposite sides of fruits. Decay 
incidence on the fruit skin was evaluated subjectively according to McDonald et al. (1998), measuring the rotted 
area on fruit skin and expressing disease severity as a percentage of fruit rot (Sivakumar, Sultanbawa, Ranasingh, 
& Wijesundera, 2005). The storage life (days) was considered to terminate when 50% of fruit senescence. Data 
was subjected to analysis of variance by SPSS version 6. The comparisons among means were done by the Least 
Significant Difference (LSD) at P ≤ 0.05. The collected data were statistically analyzed using the SPSS 
Computer Program, Version 6 (SPSS, 1999). 

3. Results 
After using chitosan or CaCl2 with different concentrations of 1.0, 1.5, 2.0, or 2.5% compared with control, and 
then stored at ambient temperature the results are presented as follows:  
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3.1 Weight Loss 

Effects of interaction between chemical type and different concentrations, Table 1 showed the increases of fruit 
weight loss as longer storage time. Papaya fruits soaked in 1.0% CaCl2 revealed the highest weight loss (P<0.01) 
during storage at 2, 4, and 6 days after storage (DAS). During the same period, fruits coated with 2.0% and 2.5% 
chitosan had the lowest weight loss percentage. On 8 DAS, the results indicated that interaction of chitosan or 
CaCl2 application at different concentrations had no effect on the papaya fruit weight loss.  

 

Table 1. Weight loss of papaya fruit after treating with chitosan or CaCl2 at different concentrations 

Factor 
Weight loss (%) at DAS 

2 4 6 8 

Chemical type 

Control 

Chitosan 

CaCl2 

 

4.40a±0.61 

3.48b±1.49 

3.72b±1.00 

 

7.84a±1.23 

6.23b±1.89 

7.20a±1.37 

 

11.93a±1.92

8.88b±1.75 

11.15a±2.11

 

16.16a±0.87 

12.39b±4.40 

15.69a±3.61 

F-test ** ** ** ** 

C.V. (%) 23.90 23.38 19.00 26.41 

LSD 0.1877 0.2695 0.3934 1.4194 

Conc. (%) 

0.0 

1.0 

1.5 

2.0 

2.5 

 

4.40a±0.61 

4.14a±0.62 

4.22a±1.88 

3.13b±0.68 

3.08b±1.09 

 

7.84a±1.23 

7.47a±1.31 

7.28a±2.21 

5.99b±1.20 

6.51b±1.64 

 

11.93a±1.92

11.19a±2.33

9.97b±2.41 

9.48b±1.80 

10.24ab±2.21

 

16.16±0.87 

14.81±4.12 

14.61±4.92 

13.98±4.26 

14.83±3.01 

F-test ** ** * ns 

C.V. (%) 23.57 23.32 21.44 28.83 

LSD 0.1673 0.2600 0.4108 1.0913 

Chemical typeX conc.     

Control 

1.0% Chitosan 

1.5% Chitosan 

2.0% Chitosan 

2.5% Chitosan 

1.0% CaCl2 

1.5% CaCl2 

2.0% CaCl2 

2.5% CaCl2 

4.40ab±0.61

3.62cd±0.35

4.56a±2.19 

2.96de±0.86

2.84e±1.21 

4.30ab±0.63

3.83bc±1.44

3.31cde±0.43

3.40cde±0.93

7.84ab±1.23

6.12de±0.60

7.35abc±2.86

5.57e±1.16 

6.06de±1.92

8.22a±0.96 

7.22abc±1.58

6.42cde±1.12

6.95bcd±1.18

11.93ab±1.92

8.68d±0.83 

8.44d±1.38 

9.18d±1.96 

9.12d±2.54 

12.78a±1.65

11.00bc±2.44

9.75cd±1.66

11.07bc±1.56

16.16±0.87 

11.27±1.19 

14.38±7.79 

11.50±1.19 

13.09±5.42 

17.84±4.06 

14.75±2.56 

15.37±4.77 

15.18±2.64 

F-test ** ** ** ns 

C.V. (%) 23.11 22.01 17.84 26.43 

LSD 0.2433 0.3640 0.5092 1.7035 

Data were expressed as mean ± standard deviation (S.D.). 

Letters within columns indicate least significant differences (LSD) at P** = 0.01, P* = 0.05, NS = non 
significant.  

 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 11; 2014 

163 

3.2 Fruit Firmness 

The effects of chemical type interaction with various concentrations on fruit firmness, the results showed that 
papaya fruit firmness began to show highly significant differences after the fourth day. 1.5% Chitosan treated 
fruits had the maximal firmness of 4.32 kg/cm2, while the minimum firmness (1.20 kg/cm2) was from fruits 
treated with 2.0% CaCl2. On 6 DAS, fruit-treated with 2.5% chitosan showed the maximal firmness of 3.76 
kg/cm2 while most of the other treatments decreased their firmness to be the lower level (Table 2).  

 

Table 2. Fruit firmness of papaya fruit after treating with chitosan or CaCl2 at different concentrations 

Factor 
Fruit firmness (kg/cm2) at DAS 

2 4 6 8 

Chemical type 

Control 

Chitosan 

CaCl2 

 

2.38b±0.32

2.82ab±0.84

3.45a±1.16

 

3.25ab±1.01

3.81a±0.69 

2.45b±1.43 

 

0.37b±0.87

2.15a±1.39

0.25b±0.20

 

0.38b±0.53 

2.47a±0.99 

0.40b±0.49 

F-test * ** ** ** 

C.V. (%) 13.93 15.66 18.60 18.15 

LSD 0.2812 0.3235 0.2686 0.34 

Conc. (%) 

0.0 

1.0 

1.5 

2.0 

2.5 

 

2.38±0.32 

2.76±0.91 

2.92±1.11 

3.14±0.85 

3.53±1.19 

 

3.25±1.01 

3.11±0.88 

3.56±1.31 

2.54±1.65 

3.38±1.24 

 

0.37b±0.87

0.39b±0.26

0.90ab±1.14

1.63a±1.56

1.82a±1.70

 

0.38±0.53 

1.62±1.27 

1.71±1.46 

1.10±1.23 

0.38±0.36 

F-test ns ns ** ns 

C.V. (%) 13.34 14.01 11.21 19.37 

LSD 0.2811 0.3482 0.3395 0.3794 

Chemical typeX conc.     

Control 

1.0% Chitosan 

1.5% Chitosan 

2.0% Chitosan 

2.5% Chitosan 

1.0% CaCl2 

1.5% CaCl2 

2.0% CaCl2 

2.5% CaCl2 

2.38±0.32 

2.33±0.60 

2.64±1.16 

2.73±0.56 

3.58±0.47 

3.58±1.07 

3.20±1.09 

3.55±0.95 

3.47±1.70 

3.25abc±1.01

3.08bc±0.39

4.32a±0.26 

3.88abc±0.65

3.98ab±0.77

3.00bc±1.19

2.80c±1.53 

1.20d±1.14 

2.78c±1.38 

0.37d±0.87

0.68d±0.19

1.64c±1.23

3.07b±0.67

3.76a±0.45

0.12d±0.09

0.15d±0.13

0.20d±0.10

0.52d±0.18

0.38b±0.53 

2.44a±1.13 

3.05a±0.50 

2.41a±0.80 

0.90b±0.35 

0.80b±0.80 

0.37b±0.38 

0.22b±0.16 

0.20b±0.12 

F-test ns ** ** ** 

C.V. (%) 13.92 13.33 17.69 19.87 

LSD 0.3975 0.4148 0.2133 0.2997 

Data were expressed as mean ± standard deviation (S.D.). 

Letters within columns indicate least significant differences (LSD) at P** = 0.01, P* = 0.05, NS = non 
significant.  
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3.3 Peel Color 

With respect to peel color, the average of L, a* and b* values were obtained by measuring peel color during 
storage. The results from Table 5 showed that different chemical types and concentrations had significant effects 
on L* value. Highly significant color differences in terms of L* were found after 2 DAS through 6 DAS. On 2 
and 4 DAS, control fruits showed the maximal L* (Lightness) value of 53.81and 58.32, respectively, while fruit 
treated with 2.5% chitosan had the lowest L* on 6 and 8 DAS (Table 3). For a* value, control fruits showed the 
highest a* value (Redness) which was highly significantly different from the other treatments on 2, 4, and 6 DAS. 
The chitosan application at concentrations of 1.5, 2.0 and 2.5% revealed the similar trend of lower a* value 
during storage. Meanwhile, fruits treated with all concentrations of CaCl2 showed the similar value of a* 
compared with control fruit on 8 DAS (Table 4). Finally, for changes of peel color in terms of b* value, the 
results showed that the control fruits had the maximal b* value (Yellowness) of 44.14 and 50.53 measured on 2 
and 4 DAS, respectively. At longer storage of 6 DAS, the results revealed that fruit-treated with 2.5% chitosan 
showed the lowest b* value of 34.27 (Table 5). 

 

Table 3. L* value of papaya fruit after treating with chitosan or CaCl2 at different concentrations 

Factor 
L* value at DAS 

2 4 6 8 

Chemical type 

Control 

Chitosan 

CaCl2 

 

53.81a±8.56 

47.18c±7.79 

50.99b±8.30 

 

58.32a±5.49 

49.16c±8.29 

55.16b±7.23 

 

55.42a±3.51 

51.69b±10.81

54.94ab±7.30

 

47.05±4.82 

54.83±9.75 

54.45±7.94 

F-test ** ** * ns 

C.V. (%) 16.35 14.28 16.23 15.74 

LSD 0.8849 0.8936 1.2329 2.2204 

Conc. (%) 

0.0 

1.0 

1.5 

2.0 

2.5 

 

53.81a±8.56 

52.12a±7.75 

49.88ab±9.42

47.93bc±8.05

47.25c±7.69 

 

58.32±5.49 

52.88±8.69 

52.74±8.20 

52.01±8.49 

54.93±6.58 

 

55.42a±3.51 

56.38a±6.23 

52.48bc±8.88

54.27ab±8.00

49.79c±11.46

 

47.05±4.82 

57.12±8.45 

52.54±8.10 

53.00±9.10 

53.47±8.41 

F-test ** ns * ns 

C.V. (%) 16.55 15.63 15.91 15.68 

LSD 0.8576 0.9954 1.1150 1.5513 

Chemical typeX conc.     

Control 

1.0% Chitosan 

1.5% Chitosan 

2.0% Chitosan 

2.5% Chitosan 

1.0% CaCl2 

1.5% CaCl2 

2.0% CaCl2 

2.5% CaCl2 

53.81a±8.56 

50.03bcd±7.21

47.29de±9.22

44.70e±6.62 

46.71de±7.18

52.53ab±7.10

52.47ab±9.00

51.17abc±8.13

47.78cde±8.22

58.32a±5.49 

51.85cd±8.85

49.70de±8.41

47.35ef±7.67

45.76f±6.33 

55.27abc±7.66

55.18abc±7.62

56.01ab±7.13

54.19bc±6.67

55.42bc±3.51

59.83a±7.31 

52.08cd±8.84

51.11d±8.40 

42.40e±11.77

54.16bcd±5.77

52.81cd±9.05

57.23ab±6.44

55.60bc±7.14

47.05de±4.82 

64.12a±5.58 

52.28bcd±6.08 

47.57cde±9.00 

44.75e±1.72 

53.90bc±5.77 

52.72bcd±9.41 

56.02b±7.86 

55.21b±8.12 

F-test ** ** ** ** 

C.V. (%) 16.06 14.11 14.53 13.64 

LSD 1.2295 1.2728 1.5123 2.2982 

Data were expressed as mean ± standard deviation (S.D.). 

Letters within columns indicate least significant differences (LSD) at P** = 0.01, P* = 0.05, NS = non 
significant. 
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Table 4. a* value of papaya fruit after treating with chitosan or CaCl2 at different concentrations  

Factor 
a* value at DAS 

2 4 6 8 

Chemical type 

Control 

Chitosan 

CaCl2 

 

6.11a±4.45 

-4.46c±6.93 

0.80b±4.06 

 

17.46a±8.77

-1.05c±10.07

12.43b±10.63

 

22.40a±4.92

2.03c±10.75

18.30b±7.53

 

17.31a±5.88 

3.53b±9.83 

18.94a±8.04 

F-test ** ** * ** 

C.V. (%) 17.93 13.98 13.75 16.57 

LSD 0.9668 1.2066 1.2509 2.2488 

Conc. (%) 

0.0 

1.0 

1.5 

2.0 

2.5 

 

6.11a±7.45 

2.55a±10.78

-0.64b±9.21 

-3.73c±8.27 

-3.74c±6.94 

 

17.46±8.77 

6.72±8.90 

7.69±7.09 

5.77±10.56 

9.68±10.09 

 

22.40a±4.92

17.18a±8.86

10.76b±10.97

11.14b±6.96

5.95c±7.15 

 

17.31±5.88 

16.38±8.11 

10.88±8.96 

12.95±7.63 

12.73±9.08 

F-test ** ns ** ns 

C.V. (%) 12.01 14.04 16.46 18.82 

LSD 0.9551 1.5102 1.5095 2.0477 

Chemical typeX conc.     

Control 

1.0% Chitosan 

1.5% Chitosan 

2.0% Chitosan 

2.5% Chitosan 

1.0% CaCl2 

1.5% CaCl2 

2.0% CaCl2 

2.5% CaCl2 

6.11a±10.45

-1.15cd±9.96

-4.92ef±5.87

-7.59f±3.51 

-4.19def±5.31

2.70ab±10.89

3.65ab±9.98

0.13bc±9.78

-3.29cde±8.30

17.46a±8.77

3.04d±1.91 

-1.42de±1.43

-2.71e±1.63

-5.47e±0.94

13.91ab±1.71

15.10ab±1.74

12.43bc±1.83

8.27c±1.66 

22.40a±4.92

11.85c±9.94

0.16d±9.12 

1.45d±9.17 

-6.83e±4.72

17.62b±7.83

19.23ab±8.63

20.19ab±5.25

16.00bc±7.69

17.31ab±5.88 

13.40b±7.12 

-1.04c±7.36 

-1.87c±3.84 

-6.43c±2.68 

19.02ab±9.09 

19.23ab±8.76 

21.17a±6.71 

16.56ab±7.41 

F-test ** ** ** ** 

C.V. (%) 25.52 12.46 16.35 15.29 

LSD 1.3282 1.6954 1.5053 2.3003 

Data were expressed as mean ± standard deviation (S.D.). 

Letters within columns indicate least significant differences (LSD) at P** = 0.01, P* = 0.05, NS = non 
significant.  
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Table 5. b* value of papaya fruit after treating with chitosan or CaCl2 at different concentrations  

Factor 
b* value at DAS 

2 4 6 8 

Chemical type 

Control 

Chitosan 

CaCl2 

 

44.14a±9.90 

37.75b±9.45 

38.91b±8.23 

 

50.53a±5.74 

40.49c±7.09 

46.75b±9.69 

 

47.30±7.32 

44.89±8.35 

46.25±10.63

 

28.90b±7.09 

47.60a±6.70 

44.74a±8.56 

F-test ** ** ns ** 

C.V. (%) 26.51 22.47 24.30 27.65 

LSD 1.1272 1.1816 1.5756 3.2342 

Conc. (%) 

0.0 

1.0 

1.5 

2.0 

2.5 

 

44.14a±9.90 

41.27a±10.60

40.21ab±10.94

37.40bc±9.13

35.87c±10.21

 

50.53±5.74 

44.25±10.68 

45.06±8.47 

43.70±10.03 

45.17±9.81 

 

47.30a±7.32

48.47a±10.87

45.91a±9.03

46.14a±10.46

41.00b±9.06

 

28.90±7.09 

48.49±8.93 

42.62±10.91 

44.66±9.57 

43.16±10.74 

F-test ** ns * ns 

C.V. (%) 26.40 23.95 15.91 28.58 

LSD 1.0748 1.2815 1.1150 2.3450 

Chemical typeX conc.     

Control 

1.0% Chitosan 

1.5% Chitosan 

2.0% Chitosan 

2.5% Chitosan 

CaCl2 1.0% 

CaCl2 1.5% 

CaCl2 2.0% 

CaCl2 2.5% 

44.14a±9.90 

41.31ab±10.58

37.28bc±10.48

33.75c±6.13 

38.64b±8.61 

38.35b±10.74

43.14a±10.72

41.04ab±10.20

33.10c±9.02 

50.53a±5.74 

44.11cde±7.86

40.78ef±8.77 

38.93fg±10.46

35.59g±6.66 

45.71bcd±10.57

49.53ab±9.04 

48.38abc±9.10

43.39def±9.14

47.30b±7.32

54.11a±9.62

46.29b±10.70

43.49b±8.14

34.27c±8.14

44.52b±9.39

45.60b±10.46

48.60ab±8.05

46.29b±10.22

28.90e±7.09 

59.30a±7.63 

45.45bc±8.97 

37.61cde±9.62 

33.27de±6.04 

45.04bc±10.63 

40.64bcd±9.90 

48.57b±8.08 

45.14bc±9.88 

F-test ** ** ** ** 

C.V. (%) 15.49 21.95 22.41 24.56 

LSD 1.5327 1.6632 1.9908 3.432 

Data were expressed as mean ± standard deviation (S.D.). 

Letters within columns indicate least significant differences (LSD) at P** = 0.01, P* = 0.05, NS = non 
significant.  

 

3.4 Disease Incidence 

The degree of disease incidence on skin fruit rapidly increased during storage. Throughout the storage period, no 
obviously fruit rot percentage was found. The results presented in Figure 1. indicated that different chemical 
types varied in five concentrations resulted in the similar disease appearance though 6 DAS.  



www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 11; 2014 

167 

 
Figure 1. Decay percentage of papaya fruit after treating with chitosan or CaCl2  

at different concentrations on 6 DAS 

Data were expressed as mean ± standard deviation (S.D.). 

 

3.5 Shelf-Life 

The results from Figure 2. showed that different chemical type at various concentrations had highly significant 
effect on shelf-life. Papaya fruit-treated with 2.5% chitosan had a markedly effect on the maximal storage life of 
11.00 days, while the control fruits had the minimal postharvest life only of 7.00 days. 

 

 
Figure 2. Shelf-life of papaya fruit after treating with chitosan or CaCl2 at different concentrations 

Data were expressed as mean ± standard deviation (S.D.). 

 

4. Discussion 
The research tested the effects of chitosan or CaCl2 treatments at different concentrations (0, 1.0, 1.5, 2.0, and 
2.5%) on the postharvest life and some external characteristics of ‘Holland’ papaya fruit. Fruit weight loss of the 
papaya fruit during storage is shown in Table 1. The results revealed that during storage, the significant 
differences of papaya weight loss steadily declined throughout storage life and were variable among the 
treatments. Postharvest chitosan coating at conc. of 2.0% and 2.5% significantly decreased weight loss and 
showed highly significant difference between other treatments (P  0.01). It is evident from Table 1 that treating 
with 2.0% and 2.5% chitosan led to a marked reduction in weight loss compared to other treatments. Therefore, 
2.0% and 2.5% chitosan treatments were the most effective in delaying the increase of papaya fruit weight loss, 
while papaya fruits treated with 1.0% CaCl2 showed the significantly highest weight loss after 2, 4 and 6 days of 
storage (DAS) compared with the other treatments. Generally, papaya fruit is composed of high water content 
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and susceptible to postharvest shriveling (Postharvest Handling Technical Bulletin, 2003). Loss of weight in 
fresh fruit is mainly due to the loss of water caused by transpiration and respiration processes (Proulx, Cecilia, 
Nunes, Emond, & Brecht, 2005). Li, Dunn, Grandmaison, and Goosen (1992) reported that chitosan has a 
film-forming ability, which serves as a moisture barrier to avoid the dehydration processes during fruit storage 
(El Ghaouth, Arul, & Ponnampalam, 1991c; Wong, Gastineau, Gregorski, Tillin, & Pavlath, 1992; Butler, Vregano, 
Testin, Bunn, & Wiles, 1996). Similar weight loss was reported by Maftoonazad and Ramaswamy (2005) who 
cited that slower rates of moisture loss in coated fruits can be attributed to the moisture barrier properties for 
regulating the transpiration process between fruit and environment (Salunkhe, Boun, & Reddy, 1991; Reddy, 
Belkacemi, Corcuff, Castaigne, & Arul, 2000). In addition, strawberry-coated with 1.5% chitosan is effective in 
delaying moisture loss and fruit shriveling (Hernández-Muñoz, Almenar, Ocio, & Gavara, 2006). These 
beneficial results of chitosan application are also in line with Sivakumar et al., (2005); Zhang and Quantick 
(1997); Dong, Cheng, Tan, Zheng, and Jiang (2004); Huaqiang, Cheng, Tan, Zheng, and Jiang (2004). Another 
reason for reducing weight losses of papaya fruit treated with 2.0% and 2.5% chitosan during storage can be 
explained by the modified atmosphere and selectively permeated of C2H4, CO2 and O2 inside fruit created from 
chitosan coating. These functions of chitosan may be related to decrease fruit respiration, resulting in less weight 
loss (Gonza´lez-Aguilar, Buta, & Wang, 2003; Sivakumar et al. 2005; Xianghong, Li, Liu, & Tian, 2008). Dong et 
al. (2004) also found that the properties of film formed by chitosan, including moisture barrier and selective 
permeability of gas, are related to its concentration (Wiles, Vergano, Barron, Bunn, & Testin, 2000; Park, Marsh, & 
Rhim, 2002). Thus, the results indicated that chitosan at conc. of 2.0% and 2.5% gave better results in terms of 
less weight losses, probably because of the higher viscosity of chitosan solution (Caro & Joas, 2005). 
Nevertheless, moisture barrier properties of chitosan-coated fruit have not been assessed yet, and there is no 
published studies on the effect of chitosan coatings on the weight loss of ‘Holland’ papaya. The opposite findings 
in a previous report by Kakaew, Nimitkeatkai, Srilaong, and Kanlayanarat (2007), who reported that an 
application of 0.5% calcium chloride to shredded green papaya ‘Kaek Dum’ resulted in a reduction of weight loss 
during storage. Mahajan and Dhatt (2004) reported that CaCl2 treated pear fruit could reduce the rate of 
respiration and transpiration, leading to reduce fruit weight loss during 75 days of storage. These opposing 
results were also confirmed by Rajkumar, Karuppaiah, and Kandasamy (2005) who indicated that post-harvest 
treatment of papaya fruits in CaCl2 2% for 5 min recorded significantly the lowest level of fruit weight loss. 

In case of fruit firmness, the effect of chitosan or CaCl2 on papaya fruit firmness during storage is shown in Table 
2. The results showed that fruit firmness of papaya was reduced with increments of storage period. Fruit firmness 
was highly significant in fruit-coated with chitosan compared with CaCl2 and untreated control. Fruit firmness of 
papaya showed that treatment with all concentration of chitosan remarkably delayed the loss of fruit firmness 
more than the control and CaCl2-treated fruits on 4 and 6 DAS. Fruit-treated with 1.5% chitosan retained the 
maximal firmness of 4.32 kg/cm2 on 4 DAS, while 2.5% chitosan treated fruit had a positive effect on 
maintaining the maximal fruit firmness (3.76 kg/cm2) on 6 DAS. Thus, the results indicated that chitosan 
application is more effective in retaining ‘Holland’ papaya fruit firmness than CaCl2. Papaya is considered as a 
climacteric fruit and exhibits a characteristic rise in flesh softening (da Silva et al., 2007). Paull and Chen (1983) 
cited that postharvest papaya fruit ripening involves softening due to the activity of cell wall-degrading enzymes. 
These results indicated that a positive effect of chitosan on fruit firmness. These effects can be attributed to 
formation of a chitosan film on fruit surface which act as a barrier for O2 uptake thereby slowing the metabolic 
activity, and consequently the ripening process (Reddy et al., 2000). Several researches indicate that fruit-treated 
with chitosan, including, strawberries, raspberries, tomatoes, peaches, and papayas could delay their firmness 
during the storage period (El Ghaouth et al., 1991b, El-Ghaouth, Ponnampalam, Castaigne, & Arul, 1992a; EI 
Ghaouth, Arul, Grenier, & Asselin, 1992b; Li &Yu, 2000; Bautista-Baños, Hernández-López, Bosquez-Molina, & 
Wilson, 2003). A similar finding in a previous report by Hernández-Muñoz et al. (2006) who found that a 
modified atmosphere condition owing to chitosan coating was an effective method for slowing down fruit 
respiration and maintaining fruit firmness. Similar results are obtained with Martínez-Castellanos, Shirai, 
Pelayo-Zaldívar, Pérez-Flores, and Sepúlveda-Sánchez (2009), who cited that chitosan treatment showed higher 
fruit firmness, due to the effect of chitosan coating on biochemical activities inside fruits. These results are in 
accordance to El-Ghaouth, Smilanick, and Wilson (2000), who found that chitosan coatings significantly affected 
the retention of firmness by the modification of the endogenous level of CO2 and reduction of the ethylene. Reddy 
et al. (2000) also cited that the maintenance of fruit texture was dependent on chitosan concentration, storage time 
and temperature. They reported that fruit texture was firmer with increasing chitosan concentration, and it 
decreased with storage temperature and time. In addition, loss of fruit texture is also dependent on loss of fruit 
weight due to transpiration and respiration (Bourne, 1983). However, these results showed that CaCl2 application 
at different concentrations in this experiment had no significant affect to ‘Holland’ papaya firmness. In spite of this 
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it is well known that calcium plays a major role in maintaining the delay of softening (Poovaiah, 1986), due to 
calcium stabilizing the cell membrane (Picchioni, Watada, Conway, Whitaker, & Sams, 1995). These results are 
not consistent with the previous study that reported calcium dips have been used as firming agents in strawberries 
(Garcia, Herrera, & Morilla, 1996), sliced pears and sliced strawberries (Rosen & Kader, 1989) and zucchini slices 
(Izumi & Watada, 1995). Luna-Guzmán, Cantwell, and Barrett (1999) also reported that application of calcium 
treatments, especially 2.5% calcium chloride resulted in holding the firmness of melon fruit over 10 days of 
storage. Our results are not consistent with the previous study reported for peach (Manganaris, Vasilakakis, 
Diamantidis, & Mignani, 2007) and papaya (Eryani-Raqeeb, Mahmud, & Omar, 2009). However, due to the 
calcium uptake via the fruit surface being very small (Conway, Sams, McGuire, & Kelman, 1992) a decrease in 
firmness of various fruit-treated with CaCl2 has also been reported by previous workers. Thus, a negligible amount 
of CaCl2 can be absorbed and become the structural calcium led to fail to improve fruit firmness (Huang et al., 
2008). Furthermore, calcium salts can accelerate the senescing-related processes, depending on calcium 
concentration (Conway, Sams, & Kelman, 1994; Saftner, Conway, & Sams, 1998). 

With respect to peel color, the fruit skin colors of ‘Holland’ papaya fruit were assessed during storage life period 
with a chromameter using the CIELAB system. Significant effects of chitosan treating (P<0.01) were presented 
for fruit skin in terms of L*, a* and b* values in Table 3, Table 4, and Table 5. Skin lightness (L*) was affected by 
chitosan treatment during storage. The lower values of lightness were observed from fruit-treated with chitosan, 
especially 2.5% chitosan since 2 DAS through 6 DAS. These results imply that papaya fruit-treated with 2.5% 
chitosan rendered the skin less bright. This is in harmony with Hernández-Muñoz et al. (2006), who found that 
strawberry-coated with chitosan darkened slightly after the second day of storage. Chien, Sheu, and Yang (2007) 
revealed that the L* values of sliced mangoes-treated with 0.5%, 1% and 2% chitosan underwent changes in 
lightness during storage. A possible explanation for the effects of chitosan may have resulted from the chitosan 
film coated on the fruit skin. For a* value (redness) of each treatment showed rapid increase throughout the 
storage period. As in Table 4, the a* value from fruit-treated with chitosan were more negative than those-treated 
with CaCl2 and Control fruits. Generally, the a* value is a measure of greenness and is highly correlated with the 
color changes of the fruit (Goupy et al., 1995). An increase in a* value is an indicative of fruit nearly ripe 
(Mastrocola & Lerici, 1991; Monsalve-González, Barbosa-Cánovas, Cavalieri, McEvily, & Iyengar, 1993).These 
results indicated that the skin of papaya treated with chitosan will be greener than the others. The results showed 
that fruit skin color rapidly shifted toward the positive a* value on fruit treated with CaCl2 and control fruits, 
indicating that these fruits in the above treatments changed to become more red in color, which was the result of 
fruit ripening. Similar findings were proved by Chávez-Sánchez, Carrillo-López, Vega-García, and Yahia (2013) 
who observed though 8 DAS of storage life ‘Maradol’ papaya fruit treated with chitosan turned to decrease in a* 
value (less red). Similar results were observed in papaya cv ‘Solo’ by Hundtoft and Akamine (1971). For b* 
value (yellowness), the results from Table 5 showed that fruit-treated with 2.5% chitosan had less b* value than 
those treated with CaCl2 or control fruit. These decreases in b* value from fruit-treated with 2.5% chitosan 
indicated more reduction in yellowness of skin color than the others. A similar result was confirmed by 
Ducamp-Collin, Ramarson, Lebrun, Self, and Reynes (2008) who reported that the chitosan treatment effectively 
fixed the fruit coloration during storage. An explanation for delay of fruit color change is that it may be due to 
chitosan films coatings on the fruit reducing moisture transfer, restricting oxygen uptake, lowering respiration, 
retarding ethylene production, and potential discoloration (Dutta et al., 2009). In addition, the effect of the film 
barrier provided by chitosan increased the internal CO2 concentrations, led to delay color development in papaya 
fruit (da Silva et al., 2007). Thus, the results indicated that chitosan affected to delay the fruit color development, 
especially a decrease in surface redness (a* value) and yellowness (b* value) on papaya fruit during storage. 
Similarly, Shahidi, Kamil, Arachchi, and Jeon (1999) found that due to its ability to form semi-permeable film, 
chitosan coating can be expected to modify the internal atmosphere as well as decrease the transpiration loss (El 
Ghaouth et al., 1991a). Another possible explanation was that the chitosan coating functioned as a self control 
atmosphere and selectively permeated C2H4, CO2 and O2 inside and out of the fruit, thus reducing fruit respiration 
metabolism (Bai, Huang, & Jiang, 1988; El Ghaouth et al., 1991a; Hagenmaier, 2005). This may be related to 
delay the ripening of fruits (El Ghaouth et al., 1992a). Pen and Jiang (2003) and Hernández-Muñoz et al. (2006) 
also cited that treatment with chitosan coating delayed the development of the discoloration in fresh-cut Chinese 
water chestnut and strawberries, respectively. Thus, the use of film waxing of papaya has been successful in 
retarding color development (Paull & Chen, 1989).  

In the case of disease incidence, decay severity was recorded according to the rotten area appearing on the papaya 
fruit during storage. The change of disease appearance values with increasing storage period is given in Table 6. 
However, recording fruit rot appearance at two daily intervals of all treatments showed similar manners. Thus, 
both chitosan and CaCl2 used in this experiment at concentrations of 1.0, 1.5, 2.0, and 2.5% were not effective in 
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controlling fruit decay during storage under ambient temperature. Thus, the results may indicate that there is no 
any advantage of chitosan or CaCl2 on the disease appearance on papaya fruit during storage. Asgar, Muhammad, 
Sijam, and Siddiqui (2010) found that after harvest, papaya fruit is susceptible to several diseases. At longer 
storage times, the occurrence of fruit rot proceeded. These results did not agree with those published by Ali 
(2006) who reported that chitosan coatings of 1.0%, 1.5% and 2.0% were not only effective in controlling papaya 
fruit decay but also delayed the onset of disease symptoms and slowed down the disease progress. While Qiuping 
and Wenshui (2007) and Dutta et al. (2009) cited that chitosan coating can form a protective barrier on the 
surface of fresh fruit, and bring about to decrease microbial growth that causes fruit rotting. Previous studies 
indicated that chitosan coating had the potential to control decay of many fruits, such as strawberry, peach, table 
grape, apple and mango (Chien et al., 2007; Dong et al., 2004; Maria, Tapiab, & Bellosoa, 2008; Romanazzi, Nigro, 
Ippolito, Di Venere, & Salerno, 2002). However, Devlieghere, Vermeulen, and Debevere (2004) found that the 
antimicrobial activity of chitosan will depend on several factors such as the kind of chitosan, storage temperature, 
and food components. Vargas, Albors, Chiralt, and González-Martínez (2006) also found that chitosan has proved 
to be effective to control decay of cold-stored strawberries (El Gaouth et al., 1991a; Zhang & Quantick, 1998; 
Han, Zhao, Leonard, & Traber, 2004). While the opposite findings were reported by Klein and Lurie (1992) who 
cited that calcium treatments can reduce the severity of pathogen attack in horticultural crops (Conway et al., 
1992; Ferguson, 1984). Rajkumar et al. (2005) found that post-harvest treatment of papaya fruits in CaCl2 2% 
recorded significantly the lowest level of decay. In addition, strawberry-dipped in calcium solution could reduce 
fruit decay if they were stored under refrigerated conditions at 18 °C (Garcia et al., 1996). However, no published 
studies about ‘Holland’ papaya fruit-treated with chitosan or CaCl2 in case of controlling postharvest decay have 
been found. 

For Shelf-life, the results from Table 7 showed that the application of chitosan or CaCl2 at different 
concentrations (0, 1.0, 1.5, 2.0, and 2.5%) had a highly significant effect on postharvest life of ‘Holland’ papaya. 
Chitosan at 2.5% had the greatest effect on extending papaya storage life (11.00 days), while fruit-treated with 
CaCl2, irrespective of any concentration, showed the similar storage duration between 7.50 to 9.33 days. This 
result is consistent with the findings of Ali (2006) who showed that 0.75 and 1%chitosan significantly delayed 
papaya fruit ripening and extended storage life. Similar results were obtained by Gonza´lez-Aguilar et al. (2003) 
who found that the effectiveness of 2.5% chitosan treatment prevented water loss, maintained visual appearance, 
and prolonged postharvest life of papaya. These beneficial effects can be explained by chitosan coatings 
significantly reduced respiration rate and created modified atmosphere within fruits. These results led to increase 
the internal CO2 concentrations inside fruit (Sivakumar et al., 2005), reduce fruit respiration metabolism (Bai et 
al., 1988, El Ghaouth et al., 1991b; Hagenmaier, 2005), decrease weight loss, maintain firmness, delay the color 
change and fruit ripening and cause extend the storage life (Ali, 2006; da Silva et al., 2007). In addition, Dutta et 
al. (2009) also cited that chitosan acts as an inhibitor to various enzymes, leading to delay fruit senescence. 
However, the property of film formed by chitosan, including selective permeability of gas, is related to its 
molecular characteristic and concentration (Park et al., 2002 and Wiles et al., 2000). There are several results 
showing that application of chitosan coating effectively extended shelf-life of peeled Litchi fruit (Huaqiang et al., 
2004), papaya (Ali, Eryani, & Raqeeb, 2008), avocado (Salvador, Miranda, Aragon, & Lara, 1999), fresh-cut 
Chinese water chestnut (Pen & Jiang, 2003), tomato (El Ghaouth, et al., 1992a), longan fruit (Jiang & Li, 2001), 
fresh-cut strawberries (Campaniello, Bevilacqua, Sinigaglia, & Corbo, 2008). Nevertheless, the exposure to high 
concentration of chitosan may increase fruit respiration and induce a stress condition (Devlieghere et al., 2004). 
This result is not consistent with Joyce, Shorter, and Hockings (2001), who found that delayed ripening of apples 
(Klein & Lurie, 1994) and avocados (Wills & Tirmazi, 1982) was a response to fruit obtained with calcium 
levels, while Rajkumar et al. (2005) reported that post-harvest dip in 2%CaCl2 could improve the papaya 
shelf-life up to nine days. In addition, calcium treatment has been shown to decrease respiration, reduce ethylene 
production and slow down the onset of ripening in apples (Ferguson, 1984), avocados (Tingwa & Young, 1974; 
Rensburg & Engelbrecht, 1986; Wills & Sirivatanapa, 1988; Yuen, Caffin, & Boonyakiat, 1994), mangoes 
(Tirmazi & Wills, 1981; Mootoo, 1991; Van Eeden, 1992; Suhardi, 1992), and tomato (Sellars, 2010). However, 
it should be further investigated to confirm these results with other commercial papaya varieties. 

In conclusion, it was found that chitosan coating at 2.5% exerts beneficial effects on maintaining the maximal 
fruit firmness, delaying the changes of fruit skin color redness (a* value), and the maximal storage life of 11.00 
days. However, the application of chitosan, irrespective of any concentrations of 1.0, 1.5, 2.0, or 2.5% had a 
similar effect to fruit weight loss. In addition, no significant difference in disease appearance was found in 
papaya treated with chitosan or CaCl2. Thus, chitosan coating at concentration of 2.5% could be used to maintain 
the postharvest quality of ‘Holland’ papaya under ambient temperature by delaying fruit weight loss, advantage 
affecting the firmness, delayed the color development and extended the shelf-life of papaya fruit. However, 
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further study on the mechanism of chitosan against internal characteristic alterations in papaya fruit should be 
considered. 
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