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Abstract: Papaya (Carica Papaya L.) fruits index 2 were treated with 1.5, 2.5 and 3.5% solutions of 
calcium chloride by dipping and vacuum infiltration (-33 Kpa) or untreated (0%) as control. Effects of 
these treatments were evaluated on storage life and postharvest quality characteristics of papaya. After 
21 days of storage at 13±1°C, the fruits were removed from storage for physicochemical analysis. 
Following additional five days holding in the storage condition for fruits used for evaluation of the rate 
of disease incidence and storage life. Postharvest dip treatments at different concentrations of calcium 
prolonged storage life, slowed down the ripening processes and maintained the quality of papaya. 
Whereas, it  was effectively greater with calcium infiltration treatments than that for dip treatments. 
Calcium infiltration extended the storage life and retained the quality as calcium concentrations 
increased up to 2.5% and then declined. The desired effect was obtained at 2.5% infiltration compared 
with other treatments. The least disease incidence was found in those fruits infiltrated with 2.5% 
calcium. Hence, it can be concluded that postharvest infiltration of calcium at 2.5% has the potential to 
control disease incidence, prolong the storage life and preserve valuable attributes of postharvest 
papaya, presumably because of its effects on inhibition of ripening and senescence process and loss of 
the fruit firmness of papaya. 
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INTRODUCTION 

 
 Papaya (Carica papaya L.) is one of the main fruits 
of Malaysia. Cultivar Eksotika II has gained popularity 
in the domestic and export markets[47]. However, the 
short storage life limits the export of the fruits to distant 
markets by refrigerated sea containers. The ripe fruits 
soften rapidly and are easily infected by diseases and 
proned to chilly injuries as a result of exposure to low 
temperatures. Therefore, owing to its high perishability 
there is much wastage[47].  
 The role of calcium in the physiology of plant 
tissue is well established[5]. In addition to its 
involvement in cell wall membrane and chromosome, 
metabolism it contributes to the maintenance of 
configuration of specific enzymes[22]. Addition of 
calcium improves rigidity of cell walls and obstruct 
enzymes such as polygalcturonase from reaching their 
active sites[21], thereby retarding tissue softening and 
delaying ripening. Calcium inhibits the ripening of 

tomato and pineapples[16,49]. Its role in physiological 
disorders is related to shelf life, ripening and fruit 
quality[50]. 
 Calcium as postharvest treatment has been used as 
firming agents to extend postharvest shelf life in whole 
and fresh cut fruits. Rosen and Kader[37] found that 
CaCl2 treated strawberries by dipping resulted in higher 
calcium content and were firmer than water dipped. 
Agar et al.[2] also found CaCl2 maintained the firmness 
throughout storage for kiwifruits dipped in 0.5 or 1% 
CaCl2. It was also reported that the rate of fruit 
softening depends on fruit calcium status. 
 Postharvest treatments of fruits with low 
concentrations of calcium salts have been found to 
reduce physiological disorders and delay senescence[8]. 
Postharvest calcium dips can increase calcium content 
considerably compared to preharvest sprays, without 
causing fruit injury, depending on salt type and calcium 
concentration. Postharvest calcium application 
maintains cell turgor, membrane integrity, tissue 
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firmness and delays membrane lipid catabolism thus 
extending storage life of fresh fruits[5,33].  
 Most early workers applied calcium by dipping 
fruits in solutions of calcium salts, but more recent 
works have shown that vacuum infiltration of these 
solutions maybe a more effective method of getting 
calcium into the fruits[24,38]. Infiltrated solutions also 
retain much of their effectiveness when the fruits are 
rinsed with water following treatment to reduce the 
possibility of injury to the fruit or damage[43]. Although 
most efforts in treating fruit with calcium solutions 
have been directed towards reducing losses due to 
physiological disorders, it has been reported that 
increased calcium content of fruit may also reduce 
losses due to decay causing organisms[45]. However, 
few works have focused on storage life and 
compositional changes of fruits[4,13,19].  
 In India, few researches have been done on papaya 
using calcium dip application on storage life and some 
aspects of quality. There was positive effects on 
prolonging storage life and maintained the quality 
aspects using dip treatment[23,34]. Therefore, needs for 
research using different applications (dip and vacuum 
infiltration) and concentrations need to be carried out to 
evaluate their effects and to optimize the best 
application techniques and concentration on extending 
storage life, control of postharvest disease incidences 
and maintaining quality characteristics of papaya cv 
Eksotika II is inevitable.  
 The objectives of this study are to determine the 
effects of different postharvest calcium applications and 
concentrations on storage life, disease incidences and 
quality aspects such as weight loss, firmness, color 
changes, soluble solids concentrations, pH, titratble 
acidity and ascorbic acid of papaya and to evaluate for 
optimum application and concentration of treating fruits 
with calcium solutions.  
 

MATERIALS AND METHODS 
 
Plant material and treatments: Papaya fruits were 
treated with commercial grade of calcium chloride 74% 
made up as 1.5, 2.5 and 3.5% solutions with distilled 
water and 0.03% of Tween 80 as surfactant agent. 
Dipping and vacuum infiltrations Methods were used 
for treatment with each concentration of the calcium 
solutions. Treatments involved placing the fruits in 
solutions for 10 min for dipping. Fruits were vacuum 
infiltrated by placing in calcium solutions for 10 min 
under -33 Kpa vacuum and then held in solution for 5 
min after vacuum was released. After each treatment, 
the fruits were air dried at ambient temperature for 30 
min in an attempt to reduce possible chemical injury. 

Control treatment was the untreated fruits for 
comparison of both methods. Two lots of twenty five 
fruits for each treatment were used. Following 
treatment, the fruits were sleeved with white styrofoam 
nettings. Fruits were then packed in single layer with 
stem end facing down in a commercial export 
packaging cartons and stored at 13±1°C and relative 
humidity at 80-90% for 26 days of storage. 
 
Fruit quality evaluation: Disease incidence (DI) was 
monitored by determined the number of fruits showing 
the visible symptoms of anthracnose lesions on the 
surfaces of fruits and recording the percentage. Storage 
life was monitored and records were taken until the end 
of storage and expressed by day of storage. Weight loss 
was also determined. Five fruits in each replication for each 
treatment were marked before storage and weighed using 
electronic balance (EK-600H, Japan). At each storage 
interval (7 days), fruits were taken out from cold 
storage and weighed. Immediately after weighing, they 
were kept at cold storage refrigerator for subsequent 
weighing. Percentage of weight loss at a particular 
storage interval was determined. 
 Fruit firmness was measured by the Instron 
Universal Testing Machine (Model 5540, USA) using 
the compression mode. The test was done on five fruits 
in each replication by using probe diameter size of 50 
mm, speed 50 mm/minute and load range 100 load 
cells. Compression force was measured at the 
maximum peak of recorded force on the chart and 
expressed as Newton (N). 
 Peel colour of the fruits was determined using a 
Minolta CR-300 Chroma Meter (Minolta Corp., Japan). 
The peel colour determination was expressed in 
chromaticity values of L*, C* and h°. The L* 
coordinate indicated the lightness of colour with value 
ranging from 0 = black to 100 = white. C* = 
(a*2+b*2)1/2 which represented the hypotenuse of a right 
triangle with values ranging from 0= least intense to 60 
= most intense h°, referred to as colour, was the angle 
of tangent-1 b*/a* where 0º = red purple, 90º = yellow, 
180º = bluish- green and 270º = blue. 
 
Soluble solids concentrations, pH, titratable acidity 
and ascorbic acid: After 21 days of storage, soluble 
solid content (SSC), pH, titratable acidity and ascorbic 
acid of fruit pulp were analysed according to the 
method of Ranganna[35]. SSC (Brix°) was determined 
with a Baush Lomb Abbe 3 L digital refractometer 
(Rochester, NY). The refractometer was calibrated with 
distilled water before reading. Ten g of pulp tissues 
were homogenized using a kitchen blender with 40 mL 
of distilled water. The mixture was filtered through 
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cotton wool. A drop of the filtrate was then placed on 
the prism glass of the refractometer to obtain the 
(Brix°) reading. The readings were multiplied by 
dilution factor to obtain the original percent SSC of the 
papaya pulp. 
 Fruit juice pH determination was determined by 
using the remainder of the filtrate from SSC 
determination using pH meter model Crison Micro pH 
2000, Crison Instruments, Spain. pH meter was 
calibrated by using buffer solutions of pH 4 and 7. 
 Titratable acidity was analyzed using the titration 
method. Fruit pulp tissues (10 g) from five papaya fruits 
were homogenized with 40 mL of distilled water using 
kitchen blender, the mixture was filtered through cotton 
wool. Five mL of the filtrate with one to two drops of 
phenolphthalein (1%) as indicator was titrated using 0.1 
N NaOH to an endpoint pink (pH 8.2). The results were 
expressed as percentage of citric acid per 100 g fresh 
weight. 
 Ascorbic acid was determined using the Dye 
method[35]. Fruit pulp tissues (10 g) from five papaya 
fruits were homogenized with 90 mL of 3% 
metaphosphoric acid (HPO3) using a kitchen blender, 
the mixture was filtered through cotton wool. Five mL 
of aliquot was titrated with a standard dye solution (2, 
6-dichlorophenol-indophenol) to a pink colour that 
persisted for 15 seconds. The ascorbic acid content 
(Vitamin C) was expressed as (mg−1 100g) of fresh 
fruits. 
 
Statistical analysis: The experimental design was 
complete randomized design (CRD) with five 
replicates. Analysis of variance (ANOVA) was used to 
detect treatment effect. Mean separation were 
performed by using least significance difference (LSD) 
at the p�0.05 level. The data were analyzed using 
Statistical Analysis System (SAS) version 8.2[42].  
 

RESULTS AND DISCUSSION 
 
Storage life: Storage life was extended significantly 
(p<0.001) to maximum duration of 25.9 days using 
calcium infiltration at 2.5% compared to other treatments 
(Table 1). Storage life was significantly prolonged using 
calcium infiltration treatments at 3.5 and 1.5% and dip 
treatment at 2.5% by 22.7, 22.2 and 21.3 days, 
respectively compared to the untreated fruit (control), but 
no significant difference between treatments excluding 
control. Dip treatments at 3.5 and 1.5% tended to prolong 
the storage life, respectively, but they did not show 
significant increase compared to untreated fruit which 
lasted for17.5 days of storage. 
 It was found that the application of calcium 
prolonged the shelf life of strawberries, as  measured by  

a delay in accumulation of sugars, decrease in organic 
acids, increase of color saturation index and mold 
development[7]. 
 
 
Table 1: Effects of different concentrations and applications of 

calcium on storage life after 26 days and firmness after 21 
days of storage of papaya fruits at 13±1°C 

Treatments  Storage life (day) Firmness (N) 
Control 0% 17.46 d 1.36 f 
Dip 1.5% 19.40 cd 1.83 ef 
 2.5% 21.27 bc 2.63 d 
 3.5% 20.10 bcd 1.95 e 
Infiltration 1.5% 22.16 bc 3.16 c 
 2.5% 25.93 a 5.37 a 
 3.5% 22.67 b 3.95 b 
LSD                          3.07 0.51 
Means with the same letters within column are not significantly 
different at p�0.05 using LSD. Each value is the mean for five 
replicates 
 
 Morris et al.[32] and Rosen and Kader[37] reported 
that calcium chloride dip treatment can help maintain 
firmness and visual quality resulting in a longer shelf 
life of strawberry. Suntharalingam[48] reported that 
calcium postharvest dip treatments at 4 and 5% 
increased the shelf life of mangoes fruit under both 
ambient and cold storage conditions without causing 
skin injury. 
 
Firmness: Calcium infiltration treatment at 2.5% 
significantly affected firmness followed by calcium 
infiltration treatments at 3.5 and 1.5%, respectively 
compared with control treatment after storage (Table 1). 
However, the infiltration treatment at 2.5% 
demonstrated the best effect on maintaining fruit 
firmness compared with other treatments. Calcium dip 
treatment at 2.5% significantly improved maintenance 
of fruit firmness followed by dip treatment at 3.5% 
compared to control treatment, but they were less than 
that obtained with infiltration treatments. Calcium dip 
treatments at 3.5 and 1.5% provided the same firming 
effect, but maintenance of firmness tended to be higher 
in 3.5% treated samples compared with the control 
treatment. Although initially higher than water dipped 
samples, firmness of just cut samples decreased faster 
than all other samples throughout the 12 days of storage 
in both experiments. The control treatment had the 
lowest ability in maintaining firmness followed by the 
lower concentration 1.5% dip treatment, where they did 
not showed any significance difference among each 
other. The desired effect of calcium infiltration at 2.5% 
on maintaining fruit firmness may be due to the calcium 
binding to free carboxyl groups of polygalacturonate 
polymer, stabilizing and strengthening the cell walls[9].
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 A firming effect by a combination of calcium 
chloride dip and heat treatment has also been shown in 
fresh cut melons by Luna-Guzman et al.[28]. The effect 
of calcium in tissue firmness is generally explained by 
complexing cell wall and middle lamella 
polygalacturonic acid residues imparting improvement 
of structural integrity[31]. The deesterified pectin chains 
may crosslink with either endogenous calcium or added 
(exogenous) calcium to form a tighter, firmer 
structure[17]. However, calcium ions may also impact 
tissue firmness by contributing to increase membrane 
integrity and the consequent maintenance or increase of 
cell turgor pressure[30]. 
 These results may indicate that the firming effect is 
accompanied by improved water holding capacity due 
to a more crosslinked pectin network; thus, less juice is 
released when biting through calcium treated papaya 
fruit. Additionally, higher water holding capacity could 
be related to increased firmness due to higher turgor 
pressure which is supported by higher moisture content 
and hardness attributes obtained with infiltration 
treatment at 2.5%. Picchioni et al.[33] found that CaC12 
(2% or 4%) keep the Golden Delicious apple firm 
during 6 month of storage as compared to untreated 
fruit. 
 
Weight loss: Weight loss was observed to increase by 
increasing calcium concentrations and storage time as 
shown in Table. 2. Weight loss was (p<0.001) higher in 
untreated fruit, calcium dip treatments and lower 
concentration of infiltration treatment (1.5%) compared 
with other treatments. However, there was no 
significant different between those treatments among 
each other after three weeks of storage. Calcium 
infiltration treatments at concentrations 2.5 and 3.5% 
decreased the weight loss progressively compared to 
the other treatments. Whereas, 2.5% infiltration 
treatment showed higher ability in reducing weight loss 
significantly compared with other treatments. The 
decline in weight loss using calcium infiltration at 3.5% 
observed might be that higher concentration caused 
hydration and that for 2.5%. 
 It was reported that pressure infiltration of 2% 
CaCl2 was optimal for maintaining the texture of 
Golden Delicious apples during 6 months storage[1], 
especially by maintaining fruit water relations (by 
decreasing air space volume) while minimizing the risk 
of salt related injuries[38]. Lester and Grusak[27] have 
shown that calcium application was effective in terms 
of membrane functionality and integrity maintenance, 
with lower losses of phospholipids and proteins and 
reduced ion leakage which could be responsible for the 
lower weight loss found in calcium treated plums. 

Table 2: Effects of different concentrations and applications of 
calcium on weight loss of papaya fruits after 21 days of 
storage at 13±1°C 

Treatments               Weight loss (%)  
  ------------------------------------------ 
  7 days 14 days 21 days 
Control 0% 6.27 a 8.26 a 10.12 a 
Dip 1.5% 5.73 ab 8.10 a 10.02 a 
 2.5% 5.05 bc 7.15 b 9.77 a 
 3.5% 5.16 bc 7.50 ab 9.95a 
Infiltration 1.5% 4.77 c 6.88 b 9.50 ab 
 2.5% 2.78 d 4.51 c 6.87 c 
 3.5% 3.03 d 5.02c 8.60 b 
 LSD  0.85 0.89 1.14 
Means with the same letters within a column are not significantly 
different at p�0.05 using LSD. Each value is the mean for five 
replicates 
 
 Izumi and Watada[20] have studied the effect of 
calcium on the storage quality of sticks, sliced and 
shredded carrots. The difference between the control 
and the treated carrots with 1% CaC12 solution, like the 
effects on the texture and weight loss, was greater at the 
extended period of storage. This inhibitory effect of 
calcium chloride is attributed probably to the increased 
resistance of tissues to the bacterial infection rather than 
to a bactericidal action. 
 
Peel color changes: Color is one of the most important 
visual attributes of papaya. The L* value, representing 
the lightness of color, was 65.03 in control treatment 
fruit and L* along with a hue� value of 86.92 and 
chroma of 57.95, indicate yellow color of fruit (Table 
3). In calcium dipped fruit at 2.5%, the L* value 
decreased up to 61.0, chroma 54.24 and increased the 
hue° to 93.80, indicating a lower development of 
yellow color compared with other dip treatments 3.5% 
and 1.5% and control treatment, respectively. Fruit 
infiltrated with 3.5% and 1.5% had lower values in 
lightness and chroma values and higher values of hue 
compared with dip treatment at 3.5% but they did not 
show any significant difference between each other. 
Whereas, the infiltration treatment at 2.5% had lower 
lightness and chroma (51.34 and 46.59) and higher hue° 
(103.99) values significantly (p<0.001) compared with 
other treatments. This treatment affected the peel color 
development, resulting in a significant variation of 
lightness, chroma and hue� values. This affected the 
characteristic yellowness which resulted in delaying 
ripening process of papaya fruit. 
 The variance in development of color compared 
with control shows that calcium retards the ripening 
processes, perhaps by inhibiting the metabolic systems 
that initiate ripening. Our results confirmed that 
application of calcium chloride delays the fruit ripening 
development on strawberries[6]. Haard[18] reported that 
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calcium application caused a reduction of color 
development of apple, the decrease in saturation color 
index by the end of storage may be indicative of the 
darker color of senescing fruit. 
 Our results are consistent with the findings of 
Suntharalingam[48] who reported that color development 
of mangoes fruit were retarded significantly using 
calcium chloride treatment compared with the control 
under both ambient and cold storage conditions. 
 
Table 3: Effects of different concentrations and applications of 

calcium on peel color lightness (L*), chroma (C*) and hue 
angle (ho) of papaya fruits after 21 days of storage at 13±1°C 

Treatments                        Color changes 
  --------------------------------------------------- 
  Lightness (L*) Chroma (C*) Hue (ho) 
Control 0% 65.03 a 57.95 a 86.92 e 
Dip 1.5% 63.12 ab 55.38 ab 88.78 de 
 2.5% 61.00 bc 54.24 bc 93.80 c 
 3.5% 62.25 ab 54.95 ab 92.28 cd 
Infiltration 1.5% 58.00 cd 52.84 bc 95.52 bc 
 2.5% 51.34 e 46.59 d 103.99 a 
 3.5% 56.77 d 50.61 c 98.96 b 
LSD  3.4 3.7 4.7 
Means with the same letters within a column are not significantly 
different at p�0.05 using LSD. Each value is the mean for five 
replicates. 
 
Soluble solids concentrations: Untreated and calcium 
dip treatments were obtained to have the higher content 
of SSC but they did not show any significance 
difference between each other (Table 4). Significant 
(p<0.001) increase in SSC was observed for calcium 
infiltration treatment at 1.5% than calcium dip 
treatment at 3.5%. However, it was not significantly 
different with 2.5% dip treatment where the SSC was 
affected more compared with control treatment. 
Whereas, calcium dip at 1.5% and control treatments 
effects SSC content were similar. Calcium infiltration 
treatments at 2.5% and 3.5% significantly lowered 
contents of SSC compared to other treatments. 
 The effect of calcium in reducing SSC content of 
fruits was probably due to slowing down respiration 
and metabolism activity hence, retarding the ripening 
process. The slower respiration also slows down the 
synthesis and use of metabolites resulting in lower SSC 
due to the slower change from carbohydrates to 
sugars[36]. Our results are in line with that obtained by 
Cheour et al.[7] who reported that the concentration of 
free sugars progressively increased with storage, this 
increase was quite markedly delayed by calcium 
treatment for Glooscap variety of strawberry. Cheour et 
al.[6] reported that the application of calcium on 
strawberry plants increased fruit calcium content and 
influenced several postharvest senescence changes 
involving free sugars, organic acids, anthocyanin 
content and texture of fruits. 

pH: Untreated fruit was observed to have the higher 
content of pH compared with other treatments (Table 
4). Calcium infiltration treatment at 2.5, 3.5 and 1.5 % 
proved to be better in maintaining low pH significantly, 
compared with untreated fruit with no differences 
among each others. Dip treatments at 2.5, 3.5 and 1.5% 
showed less effect in maintaining pH content 
respectively with significant difference compared to 
untreated fruit but they did not show any variances 
among each other. So in this respect our results have 
shown that there is no significant effects on pH by 
increasing calcium concentration for both dip and 
infiltration applications whereas, calcium infiltration 
treatments maintained lower pH more than those of dip 
treatments. 
 These results are consistent with findings of 
Andrea et al.[3] who reported that the postharvest 
application of calcium chloride in strawberry fruits 
reduced fruits pH between the second and the 
fourteenth day, following an increase of the same, but 
did not show statistical difference. 
 Besides the fact that calcium increased 
proportionately with the increment of the degree of 
immersion, it did not significantly affect the acidity and 
pH possibly due to the cells protection and maintenance 
of ideal pH conditions for its proper functioning. 
Coseteng and Lee[12] reported that the organic acids in 
papaya are largely citric and malic acids and the 
increase in pH during ripening and storage was due to 
the metabolic processes of the fruit that resulted in a 
decrease of the organic acids. 
 
Titratable acidity: Postharvest infiltration treatment 
with 2.5% had the highest titratable acidity (TA) level 
(p<0.001) compared with other treatments (Table 4). 
The lowest level of TA was obtained with untreated 
fruit followed by calcium dip treatment at 1.5%.  
 Fruit dipped in calcium at 2.5 and 3.5% showed 
higher levels of TA, respectively than that obtained 
with untreated fruit but they did not vary among each 
other. Calcium infiltration treatments at 3.5 and 1.5% 
were able to maintain acidity levels Table 3. The 
decrease in total acidity in papaya during ripening is 
probably due to the decrease in citric acid. Selvaraj et 
al.[44] reported that citric acid decreased by two thirds 
during fruit maturation with little changes in the 
ripening phase. In this since, retarding the papaya fruit 
ripening by calcium causing inhibition of enzyme 
activity could explain the delay in the use of organic 
acids in the enzymatic reactions of respiration. Our 
result confirms that obtained by Cheour et al.[7] who 
reported that the quantity of organic acids expressed as 
citric acid decreased in strawberry fruits during storage. 
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Calcium treatment delayed the decrease in the citric 
acid, the effect of Ca was observed after 14 days of 
storage. 
 
Ascorbic acid: Ascorbic acid was found to maintain 
with postharvest application of calcium, it was higher 
with infiltration treatments than that obtained with dip 
treatments compared to the control treatment (Table 5). 
Calcium infiltration treatments with 2.5 and 3.5% had 
the highest contents of ascorbic acid compared with 
untreated fruit. However, they did not show any 
significant difference between each other. On the other 
hand, calcium infiltration at 3.5% did not have 
significant differences with calcium infiltration at 1.5% 
and dip treatments at 2.5 and 3.5%, respectively. 
Calcium dip treatments at 2.5, 3.5 and 1.5% slightly 
maintained the loss of ascorbic acid compared to the 
control treatment. However, no significant difference 
was found between treatments excluding control. 
 For papaya ascorbic acid, it first increases during 
ripening then decreases during senescence. It has been 
indicated that once fruits reach ripe stage, ascorbic acid 
contents start to decline[26,44]. Similar result was 
obtained by Mathooko[29] who reported that the ascorbic 
acid content in tomato increased with maturity and 
ripening. However, once fruit became fully ripe, the 
vitamin content started to decline Table 4. 
 Laufinan and Sams[25] treated apple with 0 to 4% 
CaC12 and stored the fruit at 2°C and found that 
ascorbic acid content ranged between 200-400% in 
calcium treated fruit as compared to the control. Sams 
et al.[41] Infiltrated the apple with CaC12 and increased 
calcium contents from 200-2400 g, they found that 
CaC12 treated fruit were firmer and had more ascorbic 
acid than untreated fruit. 
 
Disease incidence: Table 5 shows that maximum rot 
93.42% was found in untreated papaya fruit. Whereas, 
the minimum rot 39.07% was observed at 25 days 
storage by calcium infiltration treatment 2.5%. Calcium 
infiltration treatment at 2.5% controlled rottening 
compared to Al other treatments. Calcium infiltration 
treatments at 3.5 and 1.5% were superior to the other 
treatments in controlling postharvest rot by 56 and 
64.21%, respectively compared with untreated fruit. 
The least control in decay was found in dip treatments 
at 2.5, 3.5 and 1.5% by 72.33, 76.42 and 84.46% rot, 
respectively. However, calcium dip treatments did not 
show significant difference with untreated fruit. 
 Calcium chloride treatment resulted in a reduction 
of rot decay. Beneficial effects of calcium against 
postharvest decay have been shown for various fruit 
species[11,41].  Conway  et al.[10]   have  reported  that  the  

Table 4: Effects of different concentrations and applications of 
calcium on soluble solids concentrations, pH and titrtable 
acidity contents of papaya fruit after 21 days of storage at 
13±1°C 

Treatments  SSC (oBrix) pH Titratable acidity (%) 
Control 0% 14.0 a 5.7 a 0.16 f 
Dip 1.5% 13.6 ab 5.2 b 0.17 e 
 2.5% 12.9 cd 4.9 bcd 0.19 d 
 3.5% 13.3 bc 5.1 bc 0.19 d 
Infiltration 1.5% 12.6 d 4.7 cd 0.21 c 
 2.5% 11.4 e 4.5 d 0.23 a 
 3.5% 11.8 e 4.7 d 0.22 b 
LSD               0.55 0.42 0.009 
Means with the same letters within a column are not significantly 
different at p�0.05 using LSD. Each value is the mean for five 
replicates 
 
Table 5: Effects of different concentrations and applications of 

calcium on ascorbic acid contents after 21 days and disease 
incidence percentage after 26 days of storage of papaya fruits 
at 13±1°C  

Treatments  Ascorbic acid Disease 
  (mg 100g−1)  incidence (%) 
Control 0% 40.19 d 93.42 a 
Dip 1.5% 41.38 cd 84.46 ab 
 2.5% 44.25 bcd 72.33 bc 
 3.5% 43.36 bcd 76.42 bc 
Infiltration 1.5% 45.83 bc 64.21 cd 
 2.5% 51.75 a 39.07 e 
 3.5% 47.10 ab 56.00 d 
LSD                            5.10 15.45 
Means with the same letters within a column are not significantly 
different at p�0.05 using LSD. Each value is the mean for five 
replicates 
 
changes in firmness indicated a degradation of the apple 
cell walls and consequent reduction in fruit quality. 
Additionally, the loss of firmness due to cell wall 
carbohydrate metabolism during storage has been 
associated with increased susceptibility to infection by 
fungal pathogens. 
  
Shear and Faust[46] reported that calcium not only protects 
apple from the physiological disorders, but also help in 
reducing decay, by strengthening the cell wall and 
regulating the metabolic activity in the fruit. Control of 
these metabolic activities, increase fruit quality and extend 
postharvest life of fruit. Gallerani et al.[14] treated apples 
with 4 and 8% calcium chloride solution through dip 
and vacuum dip methods. After the treatment the apples 
were stored at ambient temperature (20°C). The 4% 
CaCl2 vacuum infiltration treatment was better in 
controlling bitter pit and in keeping fruit firm. They 
also found that calcium infiltration at pressure is better 
than simple immersion. 
 Conway[8] treated delicious apple with 0, 2, 4, 6, or 
8% calcium chloride by dipping and vacuum 
infiltration. The apples were kept for 3 months in 
storage at 0°C. After storage, the fruits were inoculated 
with conidial suspension of Penicillium expansum and 
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kept at 20°C for 7 days. Least decay and maximum 
calcium content in the fruits was found in 8% calcium 
chloride infiltrated fruit. Conway and Sams[9] pressure 
infiltrated Golden Delicious apples with 0, 2, 4, 6, or 
8% CaCl2 solution and stored the fruit at 0°C. After 6 
months of cold storage, they found that CaC12 4, 6, 8% 
treatments resulted in 50% less decay than untreated 
fruit. 

CONCLUSION 
 
 This work suggests that postharvest vacuum 
infiltration of papaya fruits in 2.5% CaCl2 benefits 
storage life capacity and maintains quality 
characteristics, shows better effects than with other 
concentrations and with calcium dip treatments. 
Therefore, the calcium infiltration with different 
concentrations combined with chitosan coating needs to 
be investigated in terms of its ability in storage and 
maintaining quality of papaya. 
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