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ABSTRACT: Pomegranate (Punicagranatum L.) fruits are very susceptible to chilling injury during cold 
storage. So, this experiment was conducted to test the effects of calcium chloride treatments on 
postharvest quality of pomegranates. The present study was carried out in Department of Horticulture, 
Faculty of Agriculture, Islamic Azad University of Isfahan (Khorasgan) branch. Fruits were harvested at 
mature ripe stage and washed before applying the treatments. Fruits were dipped indistilled water 
(control), sodium hypochlorite (10%), calcium chloride (4%) and sodium hypochlorite (10%) + calcium 
chloride (4%) solution for 4 minute. The treated fruits were air – dried at 24±1°C and stored at 5±1°C 
with 85 ±5 % RH for 2 months subsequent 2weeks on marketing conditions at 20± 2°C. Completely 
Randomized Factorial Designs was applied to test the significance of treatments and means were 
compared using Duncan's multiple range test at P = 0.01. Changes in weight loss, firmness, total soluble 
solids (TSS), titratable acidity (TA) and vitamin C were retained. Weight lossand total soluble solids 
(TSS) greatly reduced by all sodium and calciumtreatments. Fruits treated with 4% Calcium chloride 
combination with sodium hypochlorite (10%) retained maximum firmness, vitamin C and titratable acidity 
(TA). In conclusion, the best treatment to enhance postharvest factors of pomegranates, was the 4% 
Calcium chloride combination with sodium hypochlorite (10%). This treatment can be proposed as 
additional substance for pomegranates postharvest quality increasment. 
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INTRODUCTION 

 
 Pomegranate (Punicagranatum L.) is an importantfruit crop of many tropical and subtropical regions of the 
world, grown especially in themoderate climates of Mediterranean countries. Asproduction has increased, proper 
storage andmarketing of these fruit is needed to meet the demand both in domestic and export markets. The fruit 
are generally harvested fully ripe with awaxy shining surface of reddish yellow or greenish red peel colour, 
depending on the cultivar. Themajor storage problem is desiccation of the fruitresulting in a brownish coloured 
tough peel and browning of arils. Although the peel appears to bethick, it has numerous minute openings that 
permit free movement of water vapour, making the fruit highly susceptible to water loss (Kader et al., 1984). 
Further, the storage temperature recommended for pomegranates has varied from 0 to10°C with a shelf life 
ranging from 2 weeks to 7 months depending on the cultivar (Mukherjee, 1985; Kader et al., 1984; Salunke and 
Desai, 1986; Koksal, 1989; Gil et al., 1996). However, Elyatem and Kader (1984) showed that storage of 
pomegranates at 5°C or lower resulted in chilling injury with symptoms of brown discoloration of the skin, surface 
pitting and susceptibility to decay organisms. 
 Pomegranate (Punicagranatum L.) is an important fruit crop of many tropical and subtropical regions of the 
world, grown especially in the moderate climates of Mediterranean countries. As production has increased, proper 
storage and marketing of these fruits is needed to meet the demand both in domestic and export markets. The 
fruits are generally harvested fully ripe with a waxy shining surface of reddish yellow or greenish red peel color, 
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depending on the cultivar. The major storage problem is desiccation of the fruit resulting in a brownish colored 
tough peel and browning of arils. Although the peel appears to be thick, it has numerous minute openings that 
permit free movement of water vapour, making the fruit highly susceptible to water loss (Kader et al., 1984; Artes et 
al., 2000). Further, the storage temperature recommended for pomegranates has varied from 0 to 10°C with a shelf 
life ranging from 2 weeks to 7 months depending on the cultivar (Kader et al., 1984; Salunke and Desai, 1986; 
Koksal, 1989; Gil et al., 1996; Holland and Bar Ya’akov, 2008). 
 Calcium (Ca

2+
) has been extensively reviewed asboth an essential element and its potential rolein maintaining 

postharvest quality of fruit andvegetable crops by contributing to the linkages between pectic substances within the 
cell-wall (Kirkby and Pilbeaam, 1984; Arhtar et al., 2010; Demarty et al., 1984). The presence of Ca

2+
 ions 

increases the cohesion of cell-walls (Lara et al., 2004; Kazemi et al., 2011). It is also involved in reducing therate of 
senescence and fruit ripening (Ferguson, 1984; White and Broadley, 2003; Mahajan and Dhatt, 2004). A 1% 
solution of CaCl2 delayed fruit ripening, improved resistance to fungal attack and maintained structural integrity of 
cell walls of strawberry during a 10 days storage period at 3°C (Lara et al., 2004). Moreover, softening was delayed 
and storage life was increased by10–12 weeks in Kiwi fruits stored at 0°C by application of 1% CaCl2 compared 
with untreated fruit (Arhtar et al., 2010; Dimitrios and Pavlina, 2005). Storing pomegranate at 2°C with 4 % CaCl2 

minimized chilling injury and maintained fruit quality for up to 13 weeks (Ramezanian and Rahemi, 2007). Keeping 
in view the usefulness of CaCl2 treatments in fruits as revealed by various scientists. 
 The present study was aimed to evaluate the effectiveness of postharvest immersion of different CaCl2 

concentrations on the postharvest quality attributes of Pomegranate fruitduring cold storage for short time (2 
month) representing the shipment and transport conditions during handling and export of the fruits and market 
conditions. 
 

MATERIALS AND METHODS 
 

 Fully mature, ripe, medium size (250–300 g) pomegranate fruit (cv. Ganesh) were harvested randomly from 
different trees of a commercial orchard and brought to the laboratory on the same day. The maturity of the fruit was 
judged by the development of shiny reddish yellow peel colour, full opening of the calyx and deep red coloured 
juicy arils. Diseased, bruised and injured fruit were rejected, and sound fruit of uniform size and appearance were 
randomly distributed into different lots. 
 A factorial experiment was established, including distilled water (control), sodium hypochlorite (10%), calcium 
chloride (4%) and sodium hypochlorite (10%) + calcium chloride (4%) solution for 4 minute effects on 
pomegranates morphological properties. 
 Shelf life was based on the physical appearance of the fruit as judged by the retention of freshness, colour, 
and glossy appearance of fruit without any desiccation, level of pathogenic decay, and red colour and juiciness of 
arils. Five fruit samples (one fruit from each replication), were evaluated for physical and chemical attributesat 
harvest and at regular intervals during storage. However, the data on chemical attributes are presented only for the 
end of storage life, as the changes were negligible during the initial periods. The fruits were hand-peeled; the arils 
and rind were weighed separately and expressed as percentages of fruit weight. The juice was extracted from the 
arils by manual squeezing through muslin cloth and the juice content was expressed as a percentage. The soluble 
solids content (SSC), sugars, vitamin C (µmol. l

-1
) and titratable acidity (TA, mmolH

+ 
. l

-1
) of the juice were 

measured using standard methods of analysis (AOAC, 1984). 
 The data were statistically processed by analysis of variance according to a randomized complete block design 
and means with standard errors were calculated using the program Statistical Analysis System, version 9.1 (SAS 
Institute, Cary, NC, USA). Differences between the treatments were determined using Duncan’s test. 

RESULTS AND DISCUSSION 
 

 The significant differences (p<0.01) were revealed among the treatments for weight loss, that the control 
treatment had the highest weight loss and sodium hypochlorite (10%) + calcium chloride (4%) treatment had the 
lowest weight loss after harvest (Table1). With respect to the results, using sodium and calcium treatment 
decreased significantly the weight loss pomegranate, as compared to control treatment during experiment. Calcium 
applications have known to be effective in termsof membrane functionality and integrity maintenance which may be 
the reason for the lower weight loss foundin calcium treated fruits. Lester and Grusak (1999) and Mahajan and 
Dhatt (2004) reported that, pear fruit treated with CaCl2 proved to be most effective in reducing weight loss 
compared to non treated fruit during a 75 days storage period. 
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As shown in table 1, firmness increased significantly during the experiment. A variation in terms of firmness was 
observed among the treatments and the differences were statistically significant (p<0.01). The firmness was 
affected by sodium and calcium treatments, since control pomegranate had significantly lower firmness during 
experiment, while the highest levels were obtained with sodium hypochlorite (10%) + calcium chloride (4%) 
treatment (Table 1). The retention of firmness in calcium treated fruits might be due its accumulation in the cell 
walls leading to facilitation in the cross linking of the pectic polymers which increases wall strength and cell 
cohesion (White and Broadley, 2003). These results are also in accordance with those reported by Shuiliang et al. 
(2002) and Arhtar et al. (2010). 
 

Table 1. Effect of sodium and calcium treatments on different characteristics of pomegranate 
treatments weight loss (%) firmness.kg

-1
 Vitamin C (µmol. l

-1
) TSS (%) TA (%) 

distilled water (control) 35.8a 5.2d 25.6d 20.7a 1.52d* 
Sodium ypochlorite (10%) 29.74b 8.1c 28.1c 18.5b 2.11c 
calcium chloride (4%) 22.64c 10.5b 34.5b 16.1c 2.85b 
Sodium hypochlorite (10%) + calcium 
chloride (4%) 

15.71d 13.8a 40.2a 14.3d 3.38a 

*Values followed by the same small or capital letter are not significantly different within rows or columns at Duncan test P≤0.05 

 
 Table 1 shows considerable differences between measuring factories on different concentrations of sodium 
and calcium at p≤ 0.01. The lowest Vitamin C, obtained distilled water (control) and the highest rate were seen with 
sodium hypochlorite (10%) + calcium chloride (4%) treatment. 
 As shown in table 1, TA increased significantly during the experiment. The excess supply of sodium and 
calcium could increase TA. It could be concluded that the sodium and calcium at rate of 10 and 4 percentage, 
respectively could be stimulatory for increasing TA by increasing sodium and calcium in pomegranate cells. A 
variation in terms of TA was observed among the treatments and the differences were statistically significant 
(p<0.01). The TA was affected by sodium and calcium treatments, since control pomegranate had significantly 
lower TA content during experiment, while the highest levels were obtained with sodium hypochlorite (10%) + 
calcium chloride (4%) treatment (Table 1). 
 TSS content was decreased gradually with addition of sodium and calcium treatment. This finding is correlated 
to the previously mentioned about acidity and T.S.S where these fruits recorded less fruit quality characters. The 
same trend of results was noticed in the two studied seasons. Ascorbic acid is an important nutrient quality 
parameter and is very sensitive to degradation due to its oxidation compared to other nutrients during food 
processing and storage (Veltman et al., 2000). Higher concentrations of CaCl2 delayed the rapidoxidation of 
ascorbic acid (Ruoyi et al., 2005; Arhtar et al., 2010). 
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