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ABSTRACT 
 
Mango (Mangifera indica L) production in Kenya directly supports approximately 
200,000 farmers and many other beneficiaries. Despite this, its production suffers from 
post-harvest losses due to the fruits' short shelf life in ambient conditions. Calcium 
maintains cell integrity, strengthens the cell wall, membrane structure, and thus 
increases shelf life. A completely randomized block design with a split plot 
arrangement was used to compare the effect of spraying and immersion of ‘Van Dyke' 
mango fruits at maturity or 15 days later in calcium chloride at different concentrations 
(0.5%, 1%, 1.5%, or 0%) and times on the fruit ripening rate and organoleptic 
acceptance. The peel firmness (N), total soluble solids (0Brix), flesh color (Ho), beta 
carotene (mg/100ml), and carbon dioxide evolution (ml/kg/hr) of fruits were 
determined at time 0 and every two days for up to eight days in ambient conditions. 
Additionally, organoleptic characteristics, flesh firmness, calcium concentration 
(g/mg), and their correlations were determined. Fruits immersed in calcium chloride at 
maturity had higher retained peel firmness (10.6 N, 10.3 N), deeper flesh color (37.45, 
36.78), lower total soluble solids (14, 13.8), a lower carbon dioxide evolution (30.7 
ml/kg/hr), higher beta carotene and higher flesh calcium concentration than fruits 
exposed to other treatments. Fruits sprayed at maturity outperformed those sprayed 15 
days later in the studied parameters. Flesh calcium content correlated positively with 
flesh firmness (r= 0.913, r= 0.852), flesh color (r= 0.828, r= 0.841), fruit aroma 
(r=0.8199, r=0.841), and negatively with skin shriveling (r=-0.778, r=-0.806) and fruit 
flavor (r=-0.811, r=-0.829). Flesh firmness correlated negatively with skin shriveling 
(r=-0.868, r=-0.788) and fruit flavor (r=-0.8869, r=-0.821), but positively with peel 
color (r=0.9115, r=0.856) and aroma (r=0.907, r=0.848). Skin shriveling was found to 
have a negative relationship with peel color (r=-0.944, r=-0.93) and aroma (r=-0.944, 
r=-0.938), but a positive relationship with fruit flavor (r=0.933, r=0.947). Peel color 
correlated positively with aroma (r=0.979, r=0.977) and negatively with fruit flavor 
(r=-0.962, r=-0.950), respectively. Despite the effectiveness of post-harvest calcium 
chloride immersion in extending fruit shelf life, optimal use is advised to avoid 
deteriorated pulp flavor and increased shriveling. More research is needed to determine 
how calcium chloride can be made available to the fruit while it is still attached to the 
tree.  
Key words: Mango, shelf life, calcium, organoleptic, post-harvest losses, post-harvest 

immersion 
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INTRODUCTION 
 
Mango (Mangifera indica L.) is an important fruit in Kenya and elsewhere in 
producing countries. Despite this, this fruit has a short shelf life in ambient conditions, 
affecting its production and commercialization due to high post-harvest losses. Farmers 
suffer high losses during peak seasons due to very low prices caused by gluts coupled 
with a shelf life of 7-10 days depending on harvesting stage, shipping, handling, and 
storage conditions [1]. Furthermore, because small-scale farmers lack modern storage 
facilities, they are forced to give away the fruits at low prices.  
 
Polysaccharides found in the fruit cell wall include hemicelluloses, pectin, and 
cellulose [2]. Calcium is a critical component of pectin in the cell wall, where it reacts 
with the pectic to form calcium pectate, which forms cross links that contribute to the 
cell wall's rigidity and integrity. This inhibits the breakdown of the cell wall and the 
onset of senescence. Additionally, calcium inhibits the evolution of ethylene, resulting 
in a low rate of respiration and a slower rate of fruit weight loss [3, 4], both of which 
are signs of ripening. Calcium chloride has been demonstrated to retard fruit and 
vegetable ripening and decay [3, 5, 6, 7]. The frequency, mode of application, timing, 
rate and the calcium source used have varied effects on the shelf life and consumer 
acceptability of various fruits [8, 9]. Pre-harvest spraying as well as post- harvest 
immersion in calcium chloride for quality preservation has been well reported in mango 
[3, 9, 10] and guava [11] amongst other fruits and vegetables. Post-harvest immersion 
in calcium chloride preserves the quality of mango fruits by reducing the physiological 
weight loss and reduction of rapid soluble solids accumulation. Post-harvest spraying 
of apple [12] and lemon [13] fruits appears to be more effective than preharvest 
spraying, though there have been reports of fruit taste being affected [8, 14, 15]. 
However, farmers have limited experience with post-harvest immersion of fruits in 
calcium chloride.  
 
Furthermore, some authors have reported that calcium is available to the fruit during 
the early stages of fruit development [16], whereas others have reported that calcium 
can be used effectively even after physiological maturity [3]. The purpose of this study 
was to determine the effect of calcium chloride applied by spraying or immersion at 
various concentrations and times on delaying fruit ripening and the overall effect on the 
organoleptic properties of the fruits.  
 
MATERIALS AND METHODS 
 
Experimental Site Description 
 
The study was conducted during the 2017/2018 and 2018/2019 fruiting seasons at the 
Karurumo orchard in Embu County, Kenya, which is classified as lower midland 3 
(LM3) and is located at an elevation of 1174 m asl at coordinates 0° 32 S 37° 41 E. 
This area receives 1206 millimeters of annual rainfall, with a bimodal pattern and an 
average annual temperature of 22.7 degrees Celsius. This area's soils are loamy sand 
and clay (ferralic arenosol). 
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Experimental Material, Design and Treatments 
The study used approximately ten-year-old “Van Dyke” mango cultivar trees. The 
treatments were laid out in a completely randomized block design with three trees per 
replication in a split plot arrangement. The main plots were determined by the timing, 
while the sub plots were determined by the application rates. The plots were maintained 
in accordance with Kenyan cultural norms [17]. Uniformity in sampling was ensured 
on the basis of size and shape of fruits. 
 
Calcium chloride (0, 0.5, 1.0, and 1.5%) was sprayed onto the fruits when they reached 
maturity or 15 days later. Another sample of physiologically mature fruits was 
immersed in calcium chloride (0 %, 0.5 %, 1.0 %, and 1.5 %) for 10 minutes. The 
control fruits were either sprayed or immersed in water. Physiological maturity was 
calculated by counting 120 days after full bloom [17]. At this stage, the fruits' external 
color had changed from green to yellow, and the stone hardens; the pulp color changes 
from white to cream to deep yellow, beginning at the endocarp and progressing 
outward; and shoulders swell and rise above the stem with swollen cheeks. The fruits 
were transported to the Jomo Kenyatta University of Agriculture and Technology Post-
harvest Laboratory in cartons lined with newspapers and stored for eight days under 
ambient room conditions (25±20C and 70% RH) for evaluation.  
 
Data Collection and Analysis 
During the storage period, data on peel firmness, total soluble solids (TSS), flesh color, 
beta carotene, and respiration rate were collected at two-day intervals. At the end of the 
storage period, the calcium concentration in the flesh, firmness, and organoleptic 
attributes, as well as their relationship, were determined.  
 
Peel firmness 
The changes in peel firmness during the storage period were measured using a 
penetrometer fitted with a 5mm probe by selecting three fruits randomly from each 
treatment during the storage period. The corresponding average force used to penetrate 
the fruit peel was recorded in Newton (N) [18]. 
 
Total soluble solids 
The changes in fruit TSS were determined using a hand refractometer (Model PAL-S, 
Atago, Tokyo, Japan) and recoded in 0 Brix [19].  
 
Flesh color 
Two fruits from each treatment were sampled and the changes in flesh color (hue angle 
Ho) were measured with a Minolta color meter (Model CR-200, Osaka, Japan). The 
color coordinates were obtained as follows [20]. 
 
                Hue angle (Ho) = arctan (b/a)  
 
Beta carotene 
This was determined using modified paper chromatographic procedure [21] and the 
beta carotene content determined as below: 
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Where: 
A= Absorbance, Volume = Total volume of extract (25 ml)  
A1% 1cm = Absorption coefficient of β−carotene in Petroleum ether (2592). 
 
Respiration rate  
Three mangoes were randomly selected from each treatment group and stored in 
airtight plastic containers with a volume of (1450 ml-4500 ml) and a self-sealing rubber 
septum for 1(one) hour. A syringe was used to withdraw approximately 1(one) ml of 
headspace sample from the container and inject it into the gas chromatograph (Models 
GC-8A, Shimadzu Corp., Kyoto, Japan). The GC column (1200C) was filled with 
porapak and helium as the carrier gas, and a thermal conductivity detector was 
installed. The following formula was used to calculate the rate of respiration:  
 
CO2 production rate (mlkg-1hr-1) =K x 1/R x H x (V-W)/t/w 
 
 K –calibration value, H-Peak height, R-volume of gas injected for sample, W –Weight 
of sample, V-Volume of incubation container (ml) and T- Incubation time. 
 
Flesh calcium, firmness and organoleptic attributes determination 
After eight days of storage in ambient conditions, 25 fruits from each replica were 
taken, sliced into equal sized slices, and flesh firmness was determined using a 
penotrometer fitted with a 5mm probe. The readings were collected from five different 
locations, and the average was calculated. The calcium concentration in the flesh was 
determined by drying slices in a furnace and grinding them to a fine powder, which was 
then dissolved in hydrochloric acid and calcium was measured using an atomic 
absorption spectrophotometer (Shimadzu-AA-670, Shimadzu, Kyoto, Japan).  
Another sample of equal-sized slices from a representative sample of each treatment 
was placed on white paper and anonymously coded for the determination of 
organoleptic attributes. A panel of 100 individuals (70 males and 30 females) were 
instructed on how to rate pulp color, aroma, taste/flavor, and skin shriveling using a 
seven-point hedonic scale [18]. 
 
Data Analysis 
Collected data were subjected to analysis of variance using Genstat, 14th edition. The 
differences in the treatment means were compared using Fisher’s Protected LSD test at 
p≤ 0.05 probability level. A Pearson’s product–moment was run to assess the 
relationship among flesh calcium concentrations, firmness and organoleptic attributes 
using Stata software 12th edition.  
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RESULTS AND DISCUSSION 
 
Peel Firmness 
The timing, rate, mode of calcium chloride application and their interactions had 
significant (p ≤0.05) effects on the fruit firmness in both seasons (Table 1). Calcium 
treated fruits maintained a high peel firmness throughout the storage compared to 
control fruits. Application of calcium chloride (1.5%) by immersion had significantly 
higher peel firmness (10.6 N, 10.3N) than most of the other treatments at the end of the 
storage period in both seasons. Fruits immersed in calcium chloride had probably 
accumulated more calcium in their cells than those that were sprayed, which 
accumulated in the cell walls facilitating the cross linking of pectic substances that 
increased cell cohesion and strength, hence the high firmness as previously reported in 
tomatoes [24]. Calcium can easily penetrate through the fruit cuticle cracks and 
epidermis [25]. The contact time when spraying may have affected the penetration of 
calcium as compared to immersion which may have allowed more calcium in. 
 
Fruits sprayed with calcium chloride (1.5%) at maturity had significantly greater peel 
firmness than those sprayed 15 days later. Peel firmness increased as calcium chloride 
concentration increased from 0.5 to 1.5%, regardless of mode or timing of application. 
Calcium binds, strengthens the cell wall, and maintains cell cohesion, preserving 
membrane structure and integrity [26, 27]. Calcium also inhibits the expression of 
enzymes and genes involved in cell wall degradation [28], causing the softening 
process to be delayed. Calcium treated fruits have been observed to maintain higher 
water insoluble protopectin and lower soluble pectin content [29], hence, the firmness. 
Calcium has also been reported to prevent physiological loss of weight and a reduced 
rate of ethylene evolution [4, 30], thus a reduced rate of ripening, hence a probable 
reason for firmness maintenance. Fruit firmness decreased during the storage period 
due to ripening and senescence [31]. Peel firmness was higher in mango fruits that were 
treated with higher calcium concentrations as observed previously [11, 15].  
 
Total soluble solids 
Calcium chloride application had significant (p≤0.05) effects on the changes in total 
soluble solids (TSS) during storage in both seasons (Table 2). There was a general 
increase in the fruits’ total soluble solids followed by a decline irrespective of the 
treatment. The TSS for fruits that were treated with calcium chloride increased upto 
day six then declined gradually. After day four, control fruits experienced a rapid 
decline in TSS and had the lowest TSS at the end of the storage period. At the end of 
the storage period, fruits treated with calcium chloride by immersion had a significantly 
(p<0.05) higher TSS than most of the fruits from other treatments.  
 
As fruits ripen, soluble solids accumulate. The initial increase in TSS during storage 
could be attributed to starch being hydrolyzed into sugars, after which no further 
hydrolysis occurs, resulting in a decline in TSS. This explains why the TSS levels of 
control fruits began to decline after day four, whereas the calcium-treated fruits 
declined gradually. A higher TSS in calcium chloride-treated fruits indicates that they 
can be stored longer than control fruits that have accumulated soluble solids to 
maximum levels and thus cannot be stored any longer due to being fully ripened [26]. 
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Calcium slows metabolic activity, resulting in a gradual accumulation of soluble solids 
in calcium-treated fruits. TSS levels were highest in fruits immersed in calcium 
chloride, most likely because a layer of calcium chloride formed on the fruits, delaying 
the degradation process and other metabolic activities. This has previously been 
observed in mango [3, 32] and guava fruits [11]. Because calcium is more available 
during the early stages of fruit development, spraying calcium chloride at maturity was 
more effective than spraying 15 days later in slowing soluble solids accumulation [3, 
33]. 
 
Flesh color changes 
Flesh color changes were expressed in hue angle, which decreased gradually for all the 
fruits irrespective of the treatment during the storage period (Table 3). Calcium 
chloride had a significant (p ≤0.05) effect on the hue angle as the fruits changed from 
green to yellow. Generally, fruits treated by immersion in calcium chloride had high 
hue angle followed by those sprayed at maturity. Color development during ripening 
involves chlorophyll degradation and synthesis of anthocyanins and carotenoids among 
other pigments. Calcium could have retarded chlorophyll degradation and synthesis of 
the pigments. Fruits treated by immersion had probably more calcium 
penetration/uptake followed by those sprayed at maturity and 15 days later 
respectively, hence, the maintained color. The slow color changes exhibited by calcium 
treated fruits could be due to the suppressing effect of calcium on ethylene evolution 
[34], which retarded ripening and changes in color. The untreated fruits and those that 
were sprayed 15 days later in development had less or no chlorophyll degradation and 
anthocyanins synthesis representing full ripening. Similar results have been reported in 
mango [35] and papaya [36] in which infiltration of fruits by calcium chloride delayed 
color development. Additionally, post-harvest application of calcium chloride delayed 
ripening of sapodilla [37], tomatoes and African eggplant [38].  
 
Beta carotene 
Beta carotene levels increased with increasing storage time in all fruits, regardless of 
treatment (Table 4). In both seasons, calcium chloride, its concentration, mode of 
application, and time of application had a significant (p ≤0.05) effect on beta carotene. 
Control fruits contained the least beta carotene, whereas those immersed in calcium 
chloride contained the most at the end of the storage period.  
 
The increase in beta carotene content during the storage period could be attributed to 
the breakdown of chlorophyll and increase in carotenoids content by chlorophyllase 
enzyme during storage [39]. Calcium inhibits the degradation of chlorophyll, resulting 
in a gradual increase in beta carotenes in calcium-treated fruits, and more in calcium-
immersed fruits than in other treatments. Similar results on beta carotene increase with 
storage have been reported in mango [39], tomato [38], and passion fruit [40]. Jakhar 
and Pathak [41] reported similar results in higher beta carotene levels in calcium-
treated fruits.  
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Flesh calcium content 
The mode and timing of calcium chloride application had a significant (p<0.05) effect 
on the calcium content of the flesh (Table 5). In seasons 1 and 2, fruits immersed in 
calcium chloride (1.5%) had the highest calcium content. Untreated fruits had the 
lowest calcium content in the flesh. Strawberry [42], peach [43], and apple [44] fruits 
have all shown increased calcium content as a result of calcium chloride application. 
Fruits sprayed with calcium chloride at maturity had higher calcium content than those 
sprayed 15 days later, confirming that calcium is more available early in the fruit 
development process, as reported in mango [3] and avocado [33] fruits.  
 
Respiration rates of fruits  
The respiration of fruits increased with storage time and then declined regardless of 
treatment as shown in Fig 1. Fruits treated at maturity reached their peak on day four, 
whereas those treated 15 days later reached their peak on day two, which was 
comparable to the control fruits. Calcium deactivates enzymes involved in the 
conversion of starch to sugars, therefore reducing transpiration, hence, a reduced rate of 
carbon dioxide evolution. Calcium has also been shown to reduce the activity of fruit 
softening enzymes in lemon and tomato [13, 38, 45] fruits because calcium delays the 
onset of the climacteric peak [46], the peak of calcium-treated fruits occurred later in 
the storage period.  
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Figure 1: Effect of calcium chloride application at different times and rates on the respiration of mango fruits. Bars represent 

standard errors of the means at p ≤0.05 
 
Key: R1-0.5%; R2-1.0%; R3-1.5%. TI-Spraying at maturity; T2-Spraying at 15 days after maturity; T3-Application at maturity by 
immersion 
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Sensory quality of fruits  
 
Sensory quality of fruits and relationship with flesh calcium concentration 
 The pulp color scores were significantly higher in fruits that had been immersed in 
calcium chloride, followed closely by those that had been sprayed at maturity (Fig. 2). 
Control fruits and those that were sprayed 15 days after maturity did not show any 
shriveling while fruits immersed in calcium chloride resulted to shriveled skin surface. 
Control fruits and those sprayed 15 after maturity had the lowest pulp color scores but 
higher pulp flavor and taste than other treatments. When the fruits were immersed in 
calcium chloride rather than spraying, the flavor was negatively affected, whereas the 
pulp color was favored by immersion. Control fruits and those sprayed 15 days after 
maturity showed no shriveling, whereas fruits immersed in calcium chloride showed 
shriveled skin surfaces. Additionally, skin shriveling increased as the calcium chloride 
concentration increased from 0.5% to 1.5%. Fruits immersed in calcium chloride may 
have shriveled more than those sprayed because the more calcium salts in the solution 
may have caused dehydration of the skin, hence, shriveling which may be as a result of 
osmotic effects [47]. Similar results on fruit skin shriveling due to application of 
calcium have been reported previously [8, 14, 48]. Immersion of fruits in calcium 
chloride and spraying of fruits at maturity scored higher in pulp color and aroma than 
other treatments perhaps due to increased calcium content. Similar results in good color 
appearance in calcium treated fruits have been reported previously [3, 8]. Calcium 
application led to a deteriorated flavor and taste probably due to reduced accumulation 
of soluble solids with the application of calcium as previously reported [8, 14, 15]. This 
has also been reported in peach [49], apricot [50] and jujube [51]. Additionally, the use 
of calcium chloride, a divalent cation, may have imparted bitterness and saltiness which 
results from residual calcium chloride on the surface of the fruit [52, 53], hence, the 
unfavorable taste scores.  
 
The fruit calcium content was positively correlated with flesh firmness, peel color and 
aroma but negatively correlated with skin shriveling and fruit flavor in both seasons 
(Table 6). Flesh firmness was positively correlated with peel color and aroma but 
negatively correlated with skin shriveling and flavor in both seasons. Skin shriveling on 
the other hand negatively correlated with peel color and aroma but positively correlated 
with flavor in both seasons. Peel color positively correlated with aroma but negatively 
with flavor in both seasons while aroma positively correlated with flavor in both 
seasons. 
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.  
 
Figure 2: Effect of calcium chloride on the organoleptic acceptability of mango fruits. Bars represent standard errors of the 

means at p ≤0.05 
Key A-Pulp color; B-Pulp flavor/taste; C-Shriveling; D-Aroma  

T1R1-Calcium chloride (0.5%) sprayed at maturity; TIR2-Calcium chloride (1.0%) sprayed at maturity; TIR3-Calcium chloride (1.5%) sprayed at maturity; T2R1-

Calcium chloride (0.5%) sprayed 15 days after maturity; T2R2-Calcium chloride (1.0%) sprayed 15 days after maturity; T2R3-Calcium chloride (1.5%) sprayed 15 days 

after maturity; T3R1-Calcium chloride (0.5%) immersion at maturity; T3R2- Calcium chloride (1.0%) immersion at maturity, T3R3- Calcium chloride (1.5%) immersion 

at maturity; TIRO-Sprayed with water at maturity; T2R0-Sprayed with water 15 days after maturity;T3R0-Immersed in water at maturity  
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CONCLUSION 
 
The results of this study show that calcium chloride applied post-harvest improves fruit 
shelf life by increasing firmness, delaying skin color development, delaying soluble 
solids accumulation, decreasing carbon dioxide evolution, increasing fruit calcium 
concentration, and improving pulp color. However, higher concentrations (1.5%) 
resulted in a worsening of flavor and shriveling of the fruit, necessitating careful 
application. Additionally, this experiment demonstrates that spraying calcium chloride 
at maturity improves shelf life and fruit quality maintenance compared to 15 days later. 
Additional research can be conducted on multiple sites to increase the availability of 
calcium to mature fruits that are still attached to the tree, as this may increase calcium 
availability without impairing the fruit's organoleptic characteristics, as established in 
this study.  
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Table 1: Effect of calcium chloride on changes in peel firmness (Newtons) during 
storage  

 
Season I Season II 

Timing  Conc. Day 0 Day 2 Day 4 Day 6 Day 8   Day 0 Day 2 Day 4 Day 6 Day 8 
T3 R3 14.3a 13.8a 12.6a 11.8a 10.6a   14.1a 13.2a 12.2a 11.5a 10.3a 
  R2 13.9a 13.2ab 12.3a 11.4ab 10.0a   13.4ab 12.7a 11.9a 11.3ab 9.8a 
  R1 13.1b 12.7bc 11.6a 10.6b 8.4b   12.6b 11.6b 11.0ab 10.4b 8.4b 
  R0 4.1g 3.5h 3.1e 2.6f 2.1d   4.0g 3.1f 2.9g 2.6g 2.1def 

T1 R3 13.7ab 12.1c 9.4b 7.7c 4.4c   12.9b 11.8b 10.2b 8.1c 4.1c 
  R2 11.6c 9.7d 8.6b 6.2d 3.1cd   10.2c 9.3c 8.1c 6.3d 3.2cd 
  R1 9.2d 7.1e 6.0c 4.3e 2.7d   8.1d 6.4d 5.8d 4.6e 3.0de 
  R0 3.8g 3.6h 2.9e 2.5f 2.0d   3.4g 3.5f 2.5g 2.1g 1.8f 

T2 R3 7.6e 6.6ef 5.8cd 4.7e 3.1cd   7.4de 6.3de 5.6de 4.5e 2.9def 
  R2 6.9ef 5.9fg 4.9d 4.2e 2.8cd   7.1e 5.6de 4.4ef 3.7ef 2.7def 
  R1 6.4f 5.5g 3.7e 3.1f 2.4d   6.2f 5.6e 3.8fg 3.0fg 2.3def 
  R0 3.4g 3.0h 2.8e 2.5f 2.0d   3.5g 3.1f 2.6g 2.3gf 2.0ef 

LSD R 0.43 0.47 0.61 0.60 0.84   0.47 0.46 0.77 0.61 0.64 
(P≤0.05) T 0.37 0.41 0.53 0.52 0.73   0.41 0.40 0.67 0.53 0.56 

  R*T 0.74 0.81 1.06 1.05 1.46   0.82 0.80 1.34 1.05 1.11 
CV (%)   4.8 5.9 8.9 10.4 19.2   5.6 6.2 11.7 10.5 4.9 

Treatments with different letters in the same column are significantly different according 
to LSD at p ≤0.05 
 
**LSD-Least significant difference at p ≤0.05; CV (%)-Coefficient of variation T1- 
Spraying at PM; T2- Spraying 15 after PM; T3-Immersion at PM; R1-CaCl2 (0.5%); R2-
CaCl2 (1.0%); R3-CaCl2 (1.5%); R-Rate; T-Time; PM-Physiological maturity 
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Table 2: Effect of calcium chloride on changes in total soluble solids (oBrix) during 
storage  

 
   Season I       Season II 
Timing  Conc. Day 0 Day 2 Day 4 Day 6 Day 8   Day 0 Day 2 Day 4 Day 6 Day 8 

T3 R3 8.17a 8.47a 9.6a 14.7ef 14.0a   7.7a 8.6a 10.5a 13.17cde 13.8d 
  R2 8.57ab 9.0ab 10.3ab 11.7ab 12.8bc   8.0ef 8.9a 11.3ab 13.07cdef 12.7bcd 
  R1 9.6bcd 9.6abc 10.9ab 13.1bcd 12.1cd   8.5e 9.5a 11.9b 13.07cdef 12.0bc 
  R0 12.37ef 13.2f 16.2gh 11.2a 8.4f   12.6a 13.0bcd 16.9e 11.23gh 7.9a 

T1 R3 8.5ab 9.1ab 11.3bc 13.3cde 13.3ab   8.0ef 9.2a 11.2ab 12.43efg 13.0cd 
  R2 9.03abc 10.1bcd 12.6cd 12.8bcd 12.2cd   8.6e 9.8a 11.9b 14.57b 12.3bc 
  R1 10.23d 11.4de 13.2de 12.9bcd 11.7d   10.1d 11.4b 13.2c 13.5cd 11.3b 
  R0 12.9f 13.43f 16.9h 12.1abc 8.0f   12.6a 14.4d 17.6e 12.1fgh 8.9a 

T2 R3 9.87cd 10.6cd 12.9de 12.8bcd 10.5e   10.9cd 11.7b 13.5c 13.8bc 11.3b 
  R2 11.7e 12.7ef 14.1ef 13.6def 10.2e   11.2bc 12.6bc 14.1cd 14.57b 11.4b 
  R1 12.17ef 13.3f 15.0fg 14.8f 12.2cd   11.9ab 12.9bcd 15.2d 15.8a 12.6bcd 
  R0 12.3ef 13.8f 17.3h 11.9abc 9.8e   12.4a 13.7cd 17.5e 11.87gh 8.7a 

LSD R 0.66 0.33 0.75 0.85 0.6   0.45 0.87 0.71 0.59 0.88 
(P≤0.05)  T 0.58 0.38 0.65 0.73 0.5   0.39 0.76 0.61 0.52 0.77 

  R*T 1.15 0.66 1.29 1.46 1.0   0.79 1.51 1.22 1.03 1.53 
CV (%)   6.5 7.20 5.70 6.70 5.60   4.60 7.90 5.30 4.6 8 

Treatments with different letters in the same column are significantly different according 
to LSD at p ≤0.05 
 
**LSD-Least significant difference at p ≤0.05; CV (%)-Coefficient of variation T1- 
Spraying at PM; T2- Spraying at 15 after PM; T3-Immersion at PM; R1-CaCl2 (0.5%); 
R2- CaCl2 (1.0%); R3-CaCl2 (1.5%); R-Rate; T-Time; PM-Physiological maturity 
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Table 3: Effect of calcium chloride on changes in flesh colour (Ho) during storage 
 

Timing Conc. Day 0 Day 2 Day 4 Day 6 Day 8 Day 0 Day 2 Day 4 Day 6 Day 8 
T3 R3 50.9a 46.5a 42.2a 39.6a 37.5a 48.7a 44.4a 41.05a 38.1a 36.8a  

R2 48.03a 43.5ab 38.4b 36.9b 35.5a 44.46b 41.16ab 38.24b 35.79ab 33.18b  
R1 42.34b 40.1b 36.9b 33.0c 29.2b 42.1bc 38.7b 36.0bc 33.4b 30.6b  
R0 24.8fg 22.2e 19.3f 17.2h 16.3f 22.7g 21.08e 19.19f 17.92e 17.02e 

T2 R3 33.5de 31.2c 28.7c 25.8d 22.81c 32.8de 30.4c 28.5d 25.7c 23.4c  
R2 32.2de 26.0d 24.8de 22.6ef 19.9cde 30.3ef 28.9cd 26.63d 24.19c 22.18cd  
R1 29.09ef 25.93d 22.3ef 20.3fg 19.3def 29.23f 26.28d 23.28e 20.88de 19.62de  
R0 24.23g 22.2e 20.13f 19.1gh 18.5def 23.8g 21.4e 19.1f 18.2e 17.3e 

T1 R3 42.2b 40.1b 37.1b 35.7b 30.9b 41.0c 38.1b 35.1c 33.3b 30.1b 
 R2 38.6bc 31.7c 27.1cd 25.6d 21.8cd 35.1d 31.51c 27.59d 25.33c 23.3c  

R1 35.19cd 31.1c 26.8cd 23.61de 21.07cd 34.25d 30.15c 27.67d 24.06cd 20.68cd  
R0 22.53g 20.64e 19.4f 18.43gh 17.53ef 22.51g 20.51e 19.06f 17.75e 16.8e 

LSD(P≤0.05) 
R 

 

2.77 2.03 1.91 1.55 1.87 1.93 1.89 1.61 1.91 1.87 
T 2.40 1.76 1.66 1.34 1.62 1.67 1.64 1.39 1.65 1.62 

R*T 4.80 3.51 3.31 2.68 3.2 3.33 3.27 2.79 3.31 3.24 
Cv (%) 8.0 6.50 6.80 6.00 7.90 5.80 6.20 5.80 7.50 7.90 

Treatments with different letters in the same column are significantly different 
according to LSD at p ≤0.05  
 
**LSD-Least significant difference at p ≤0.05; CV (%)-Coefficient of variation T1- 
Spraying at PM; T2- Spraying 15 days after PM; T3-Immersion at PM; R1- CaCl2 
(0.5%); R2- CaCl2 (1.0%); R3-CaCl2 (1.5%); R-Rate; T-Time; PM-Physiological 
maturity 
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Table 4: Effect of calcium chloride on changes in fruit beta carotene (mg 100ml-1) 
during storage  

   
Season I Season II 

Timing Conc. Day 0 Day 2 Day 4 Day 6 Day 8 Day 0 Day 2 day 4 Day 6 Day 8 

T3 R3 0.42a 0.49a 0.60a 0.72a 0.87a 0.45a 0.54a 0.66a 0.76a 0.94a 
 

R2 0.32b 0.40b 0.48b 0.57b 0.68b 0.39ab 0.44b 0.52b 0.59b 0.66b 
 

R1 0.26c 0.32c 0.43b 0.45cd 0.52c 0.33bc 0.38b 0.42c 0.49cd 0.57c 
 

R0 0.12f 0.16f 0.20g 0.22h 0.27e 0.13fgh 0.16e 0.22f 0.25gh 0.28fg 

T2 R3 0.22cd 0.31cd 0.36cd 0.41de 0.48c 0.22de 0.28c 0.35d 0.40def 0.45d 
 

R2 0.18de 0.21ef 0.28ef 0.31fgh 0.36d 0.18defg 0.25cd 0.30de 0.33efg 0.37e 
 

R1 0.14ef 0.20ef 0.24fg 0.30fgh 0.34de 0.14efgh 0.19de 0.27ef 0.32fgh 0.35ef 
 

R0 0.11f 0.18ef 0.24fg 0.30fgh 0.31de 0.10gh 0.17e 0.23f 0.26gh 0.30fg 

T1 R3 0.26c 0.35bc 0.42bc 0.51bc 0.61b 0.32bc 0.38b 0.43c 0.53bc 0.61bc 
 

R2 0.22cd 0.31cd 0.34de 0.39def 0.51c 0.25cd 0.30c 0.34d 0.42de 0.56c 
 

R1 0.18de 0.24de 0.30def 0.36efg 0.48c 0.20def 0.25cd 0.29de 0.38ef 0.46d 
 

R0 0.10f 0.18ef 0.22g 0.27gh 0.31de 0.10gh 0.18de 0.22f 0.24h 0.28g 

LSD 
(P ≤0.05) 

           

R 
 

0.03 0.04 0.04 0.05 0.05 0.05 0.04 0.04 0.05 0.04 

T 
 

0.02 0.04 0.03 0.05 0.04 0.04 0.04 0.03 0.04 0.03 

R*T 
 

0.04 0.07 0.07 0.09 0.09 0.08 0.07 0.06 0.09 0.07 

CV (%) 
 

12.60 15 11.80 13.40 10.7 20.60 14.1 10.3 12.7 8.4 

Treatments with different letters in the same column are significantly different according 
to LSD at p ≤0.05 
 
**LSD-Least significant difference at p ≤0.05; CV (%)-Coefficient of variation T1- 
Spraying at PM; T2- Spraying 15 after PM; T3-Immersion at PM; R1-CaCl2 (0.5%); R2- 
CaCl2 (1.0%); R3-CaCl2 (1.5%); R-Rate; T-Time; PM-Physiological maturity 
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Table 5: Effect of calcium chloride on the fruit flesh calcium content (μg/mg) 
 

Conc.   Season I 
  

      Season II 

Rate  T1  T2  T3    T1  T2  T3 

R0 0.26g 0.22g 0.16g 
 

0.22e 0.26e 0.26e 

R1 0.64de 0.48f 0.77cd 
 

0.64cd 0.52d 0.80bc 

R2 0.66de 0.60ef 0.98b 
 

0.75bc 0.61cd 0.87b 

R3 0.87bc 0.67cd 1.43a   0.87b 0.69bcd 1.23a 

LSD 
(P≤0.05)        

R 
 

0.09 
   

0.11 
 

T 
 

0.08 
   

0.09 
 

R*T 
 

0.15 
   

0.19 
 

CV (%)   13.7       17.2   

Treatments with different letters in the same column are significantly different according 
to LSD at p ≤0.05 
**LSD-Least significant difference at p ≤0.05; CV (%)-Coefficient of variation T1- 
Spraying at PM; T2- Spraying 15 after PM; T3-Immersion at PM; CaCl2 (0.5%); R2- 
CaCl2 (1.0%); R3-CaCl2 (1.5%); R-Rate; T-Time; PM-Physiological maturity 
 
 
Table 6: Pearson correlation among firmness, flesh calcium content and 

organoleptic attributes 
 

  Season 1    Season II   
  FC FF       S PC A   FC FF S PC A 
FC 1      1     
FF 0.9127*     1     0.852* 1    
SS -0.778 -0.868        1    -0.806 -0.788  1   
PC 0.8282* 0.9115* -0.944     1   0.841* 0.856* -0.931 1  
A 0.8199* 0.9068* -0.944 0.9792* 1  0.841* 0.848* -0.938 0.977* 1 

F -0.811 -0.8869 
       
0.9335* -0.962 

-
0.959   -0.829 -0.821 

    
0.947* -0.95 

-
0.95 

FC: Flesh calcium; FF-Flesh firmness; PC; Peel color; A-Aroma SS: Skin shriveling 
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