
593 
Arab Univ.  

J. Agric. Sci.,  
Ain Shams Univ.,  

Cairo, 24(2), 593-608, 2016 

 
(Received 8 May, 2016) 
(Revised 15 May, 2016) 
(Accepted 16 May, 2016) 

 

 
IMPACT OF CALCIUM, HOT WATER AND MODIFIED ATMOSPHERE 

TREATMENTS IN CHILLING INJURY SUSCEPTIBILITY OF 
STORED PAPAYAS 

[41] 
Korkar, H.M. 

Higher Institute for Agric .Co- Operation, Cairo, Egypt 
 

 
 
Keywords: Solo papayes, Chilling injury, Cold, 

CaCl2, Hot water. MAP, Storability 

 

ABSTRACT 

 

Mature-green solo papaya fruits with color in-

dex green with trace of yellow were subjected at 

2014 and 2015 seasons to many pre storage 

treatments. CaCl2 5% solution  either  at ambient 

temperature or 45°C in combined with modified 

atmosphere package (MAP), hot water at 45°C 

with or without MAP and untreated fruits were in-

vestigated, comparing to commercial treatments . 

All treatments except treatments were cold stored 

at 5 for one or two weeks followed by 7 days at 

18°C for marketing period, where commercial 

treatment was stored at 10 °C for two weeks and 7 

days at 18°C. The obtained result were recorded at 

chilling injury symptoms , weight loss % , decay 

fruit % , fruit firmness (Kg\ f)., L- ascorbic acid con-

tent  T.S.S. ,acidity , salute leakage ethylene pro-

duction with or without MAP were effective in min-

imizing orb prevent chilling injury symptoms of solo 

papaya fruits stored at 5 ±1°C followed marketing 

at 18±1°C. Storability and good quality and im-

proved chemical characteristics of solo papayas 

were obtained with pre – storage treatments of 

solo papaya were obtained with pre – storage 

treatments compared with control or commercial 

treatment. 

 

INTRODUCTION 

  

Papaya (Carica papaya L.) is one of the most 

important fruit crops grown in the tropical and sub-

tropical regions of the world. Being a climacteric 

fruit, Papaya fruit is highly perishable, and is sus-

ceptible to fungal infections, physiological disor-

ders and over-ripeness (Paull el al 1997), papaya 

has a short postharvest life, thus, research has 

focused on minimising postharvest losses in order 

to prolong shelf life.  

Papaya is very sensitive to chilling injury (CI), 

which limits storage temperature to 8ºC or above 

(Chen and Paull 1986 and Ali et al 2004). On the 

other hand, without refrigeration, papaya discolors 

and deteriorates in a few days as a result of rapid 

ripening and disease infection. The postharvest 

storage procedures for papaya help to minimise 

the quality deterioration from the decomposition 

processes (Rohani, et al 1997). The short storage 

life limits the export of papaya in refrigerated sea 

containers. Air freight is expensive and shipping in 

refrigerated containers and modified atmosphere 

packaging cannot yet offer sufficient storage life 

without the use of fungicides. Moreover, prolonged 

storage at low temperatures may damage the fruit 

physiologically (Maharaj & Sankat, 1990). If these 

limitations are minimised, the farmers and export-

ers of papaya fruit can earn maximum profits and 

capture a larger share of the world market. Alterna-

tive methods that prolong the postharvest storage 

life of papaya during shipping are required. Re-

cently, there have been increased efforts to dis-

cover new preservative compounds derived from 

natural sources. It is now established that, low 

temperatures stimulate autocalalytic ethylene pro-

duction in climacteric fruits (Lelievre et al 1995), 

and that chilling induced ethylene production fol-

lows the general pathway of ethylene biosynthesis 

(Yang and Hoffman 1994). Various methods such 

as heat treatment, storage in modified and con-
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trolled atmospheres, intermittent warming, and 

application of plant growth regulator have been 

developed to alleviate CI symptoms (Gonzalez-

Aguilar et al 2001). 

 Calcium chloride is essential elements, regard-

ing the biological and physiological functions falls 

largely into five categories, cell wall, membranes, 

chromosomes, enzyme activation and ca-

phytohormone interaction (Rensburg and 

Englbrecht, 1986). Also,  Ca has received consid-

erable attention, not only because of its relation-

ship to physiological disorders, but also because of 

other desirable effects, particularly in fruits, where 

it can reduced the pre climacteric and climacteric 

respiratory rate, reduce ethylene production, delay 

ripening, extend storage life, increase firmness and 

vitamin C content and reduce storage rot (Eaks, 

1985). Calcium content in the harvested fruits 

plays also vital roles in ethylene biosynthesis and 

action, respiration and fruit sensitivity to chilling 

injury which will be discussed later in the post-

harvest deterioration factors (Yang and Hoffman, 

1994) calcium apparently strengthens cell walls 

and cell membranes and helps tissues withstand 

chilling stress (Van Eeden, 1992 and Wang, 

1994).  

The role of calcium in stabilising cellular mem-

branes and delaying senescence in horticultural 

crops is well known (Poovaiah, et al 1998). Pre- 

and post- harvest application of calcium may delay 

senescence in commercial and retail storage of 

fruit with no detrimental effect on consumer ac-

ceptance (Lester and Grusak, 2004).  

Post-harvest heat treatment applied prior to low 

temperature storage can reduce the incidence of 

chilling injury in cold-sensitive fruits, such as avo-

cado (Woolf et al 1995) mango (McCollum et al 

1993). Heat treatments (HTS), with both hot air 

and hot water, can also be used for disinfestations 

(Lurie, 1998). However, HTS can alter several 

components of fruit quality. Hot water treatment 

(HWT) can be more easily applied commercially 

than hot air treatments, particularly if the duration 

of treatment is short. HWT reduced CI after stor-

age but did not eliminate it and the responses were 

variable (Grove et al 2000). Fruits and vegetables 

commonly tolerate temperature of 50-60°C for 5-10 

minutes (McCollum et al 1993). Heat treatments 

can affect postharvest physiology, ripening pro-

cesses and fruit quality (Koukounaras et al 2008)   

Modified atmosphere is a conservation technique 

that is used to expand a plant product’s posthar-

vest life and to maintain its quality. The main goal 

of using modified atmosphere is to create an equil-

ibrated atmosphere inside packages that is benefi-

cial to the product without being injurious (Kader, 

2002). Modified atmosphere have been used on 

many types of products (Rai et al 2011).  Achiev-

ing an equilibrium atmosphere inside a package of 

vegetables and fruits is related to the product’s 

respiration rate, weight, storage temperature, rela-

tive humidity, and the permeability characteristics 

of the packaging material. (Fonseca et al 2002).  

The modified atmosphere (MA) method is a 

good  alternative because it requires low invest-

ment and technology  level, and therefore it has 

been adopted by small and medium , producers for 

the preservation of perishable goods (Flores et al  

2004). Moreover, this technique allows for longer 

term storage while maintaining product quality and 

provides a barrier against insect attacks (Lurie et 

al 2006). This preservation method leads to a re-

duction in the fruit respiration rate because the 

combination of fruit respiration and the gas perme-

ability of the plastic film increases the CO 2 levels 

and decreases the oxygen (O2) inside the pack-

age. Thus, there is a change in the metabolic pro-

cesses (Rocha et al 2004) that slows fruit ripening, 

microbial growth, moisture loss and enzymatic 

browning (Guan & Dou, 2010). Indeed, depending 

on the levels of fruit respiration and the film per-

meability, there may be an increase in the CO 2 

levels that leads to anaerobic respiration, ethanol 

accumulation and physiological injuries to the 

product. This process can result in the production 

of off-flavors and pulp deterioration, which result in 

a fruit that is unfit for consumption (Fante et al 

2014). 

Therefore, the aim of this study was to deter-

mine the effects of postharvest application of calci-

um chloride, hot water and modified atmosphere 

treatments on the changes in properties related to 

papaya quality when applied at the light yellow with 

green coloring stage during prolonged storage. 

    

MATERIALS AND METHODS 

 

Mature-green solo papaya fruits (Carica papa-

ya L.) with color index green with trace of yellow 

were harvested in the first week of April during 

2014 and 2015.  The fruits were harvestd at early 

morning and directly transferred to post harvest 

laboratory in Department of Horticulture, Faculty of 

Agriculture, Ain Shams University, Cairo, Egypt. 

Papaya fruits used for this experiment were in 

good appearance and initially had a firmness of 

8.4-8.8 Kg/force and soluble solids content ranged 

from 8.6 to 9.5.Selected fruits were uniform in size, 
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shape, and maturity and free from defects. The 

fruits were sorted, dry cleaned and randomized 

divided into different treatments. Payaya fruits 

were then washed with chlorinated water chlorex 

(0.05% Sodium hypochlorite) then air dried  fol-

lowed by immersion in Biohealth fungicide with 2.5 

g/l concentration as fast dipping for all fruits then 

air dried and wrapped  in silky paper. Fruits were 

weighed for recorded their the initial fresh weight 

and divided among the following treatments: 

1. Fruit dipping in 5% CaCl2 solution (at ambient 

temperature) for 5-minutes without packaged 

polyethylene lining. 

2. Fruit dipping in 5% CaCl2 solution (at ambient 

temperature) for 5-minutes with packaged poly-

ethylene lining. 

3. Fruit dipping in 5% CaCl2 hot solution (at 45° C) 

for 5-minutes hot solution of without packaged 

polyethylene lining. 

4. Fruit dipping in 5% CaCl2 hot solution (at 45° C) 

for 5-minutes hot solution of with packaged pol-

yethylene lining. 

5. Fruit dipped in hot water at 45° C for 5-minutes 

without packaged polyethylene lining. 

6. Fruit dipped in hot water at 45° C for 5-minutes 

with packaged polyethylene lining. 

7. Untreated fruits without packaged polyethylene 

lining (Control treatment). 

8. Untreated fruits with packaged polyethylene 

lining (Control treatment). 

All the above mentioned  treatments for papaya 

fruit were stored for one and two weeks at 5 ±1°C 

followed by holding for 7 days at 18 ±2°C for moni-

toring and recording the impact of different treat-

ments on the ripening process and quality after 

transferring fruits from cold store               

1. Commercial  treatments, fruits were stored at 

10±1°C for  one or two weeks before trans-

ferred to ripening room at 18 ±2°C.(This condi-

tion is recommended for commercial storage) . 

Fruits were physically and chemically analyzed 

after one or two weeks of cold storage at 5±1°C 

or 10±1°C and 7 days at 18 ±2°C. The fruit of 

each treatment were arranged in 3 replicates 

and each was packed in carton boxes with di-

mensions of (40X30X10 cm) and each box 

contained 6 fruit.  

 

1. Fruit physical analysis  

 

1.1. Visual chilling injury symptoms 

 

Symptoms of chilling injury (CI) were visually 

assessed upon removal of the fruits from cold stor-

age and threshold. The degree of CI severity, 

based on external damage, such as surface pitting, 

water-soaked areas and abnormal ripening, was 

determined in (15 fruits), sample of each treatment, 

According to (Lederman et al 1997), the modified 

classifications were as follow: 

 

Scale 1 = Fruit of free CI Symptoms (0% sur-

face discoloration) 

Scale 2 = Fruits of  very slight CI symptoms 

(>0<25% surface discoloration) 

Scale 3 = Fruits of slight CI symptoms 

(>25<50% surface discoloration) 

Scale 4 = Fruits of moderate CI symptoms 

(>50<75% surface discoloration) 

Scale 5 = Fruits of severe CI symptoms (>75% 

surface discoloration);   

 

The CI index was calculated according to the 

following formula: 
 

Injury level X Number of fruits at 

the level 

Cl index =  

Total number of fruits in 

the treatment 

 

1.2. Percentage of Fruit weight loss (WL%) 

 

Fruits initial weight was recorded before chilling 

treatments and fruit weight loss was calculated by 

weighing the same fruits at the end of cold storage 

durations at 5+1°C and the end of subsequent 

storage at 18±2°C. (after 7 days)  using the follow-

ing formula: 

 

Fruit initial weight - fruit weight at 

each sampling date 

WL % =              X 100 

Fruit initial weight 

 

1.3. Percentage of decayed fruits  

 

Fruits showed any sign of decay development 

by chilling termination and during the subsequent 

storage period were counted and the percentage 

of decayed fruits was calculated on the basis of 

fruits number. 

 

1.4. Fruit firmness (Kg/f) 

 

Fruit firmness was determined by peeling the 

fruit at two equatorial sites and measuring firmness 

by means of a Wagner® Fruit Firmness Tester, 
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model FT-327, equipped with an 8mm plunger tip. 

Values were expressed in kilo gram force (kg/f). 

after treatments and immediately after cold storage 

and  the  days subsequent storage at 18+2°C. 

 

2. Fruit chemical analysis 

 

2.1. Respiration rate (mg CO2/kg fruits/h.) 

 

Carbon dioxide produced by fruits were deter-

mined after 10 hrs finished from treatments and 

after (stored for one or two week and 7 days at 18 

±2°C) The air-flow was passed through concen-

trated NaOH, to insure that air-flow is CO2 free, 

before passing into 1-liter jar fruit container (fruit 

ambient) one fruit/jar was considered as one repli-

cate. The out-coming air-flow was then passed into 

100 ml NaOH of 0.1 N for 1 h. Such solution was 

then titrated against 0.1 N HCl (A.O.A.C 2005) and 

CO2 levels produced by the fruits were then calcu-

lated as mg CO2/kg fruits/h. 

 

2.2. Ethylene production measurements  

 

Levels of ethylene production (treatments T2 & 

T4& T6 &T8 and control) analysis by fruits were 

analyzed after 10 hrs finished from treatments and 

after (stored for one or two week and 7 days at 18 

±2°C) .Fruits were incubated in glass jars of 1000 

ml volume with a capacity of one fruit per jar. After 

2 hrs of incubation, one ml gas sample was with 

drawn from each jar head space and injected in a 

Varian Gas Chromatography model Vestia-6000 

with a Flame Ionization Detector (FID) for deter-

mining levels of ethylene production. Data were 

then recorded as Mu C2H4 /Kg fresh weight fruit 

/h of papayas  

 

2.3. Solute leakage (% EC leakage) 

 

Ten grams disks of the fruits tissues were 

placed in a 100-ml glass beaker containing 30 ml 

of deionized water and magnetic stirred for 15 min. 

Electrical conductivity (EC) of the stirrered solution 

was measured using electrical conductivity meter. 

Stirrered solution of each beaker was then re-

placed by equal volume (30 ml) of deionized water 

for homogenizing the disks in a blender, and the 

aliquot was then used for measuring EC level as 

previously described. Percentage of solute leakage 

was then calculated as EC leakage using the fol-

lowing formula: 

 

 

EC of stirrered solution 
EC leaking % =                                              X 100 

 EC of stirrered solution +  

EC of homogenized disks 

 

2.4. Total soluble solids (T.S.S %) 

 

20 grams of fruit tissues were homogenized in 

a blender. The homogenized tissues were filtered 

using What man No. 1 filter paper. The clear juice 

was decanted and used for T.S.S and titralable 

acidity analysis. Using hand refractometer, TSS % 

was measured using drops of the above extracted 

juice. 

 

2.5. Titratable acidity (TA %) 

 

By titrating 10 ml of fruit the above extracted 

juice against 0.1 N of NaOH using phenol phatha-

lin indicator according to the Official Methods of 

Analysis (A.O.A.C 2005). Titratable acidity was 

expressed as percentage of citric acid (g citric ac-

id/100 ml juice). 

 

2.6. L-Ascorbic acid (mg / 100 g fresh weight) 

 

The L-ascorbic acid content (V.C) was deter-

mined and expressed as mg/100 g fresh weight 

using 10 g. of the fruit tissues were homogenized 

in 100 ml of 3% oxalic acid, the extraction was 

filtered and 10 ml was titrated against 2,6-dichlo 

phenolendo phenol dye following the methods by 

(A.O.A.C. 2005). 

 

Statistical analysis 

 

Data obtained in the two studied seasons were 

conducted in a Completely Randomized Design 

(CRD) with three replications. Data obtained were 

subjected to Analysis of variance (ANOVA) using 

MSTAT-C software (MSTAT Michigan University 

East Lansing). Duncan multiple rang test (LSR) 

was performed to determine any significant differ-

ence among various treatments. p<0.05 was se-

lected as decision for significant differences) ac-

cording to (Steel et al 1997). 
 

RESULTS AND DISCUSSION 
 

1. Physical determinations 
 

1.1. Chilling injury (scale) 

 

Data tabulated in Table (1) showed that, ap-

pearing of chilling injury symptoms greatly affected 

with different treatments. However dipping solo 
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papaya fruits in  CaCl2 5 % solution either at am-

bient temperature or at 45 °C with or without modi-

fied atmosphere packing (MAP) was effective in 

store the fruits at  5 °C without CI symptoms (1. 0 

scale). This finding was similar commercial storage 

at 10 °C for one or two weeks which means that it 

could be stored solo papaya fruits at 5 °C after pre 

storage treated with CaCl2 application. On the 

other hand, untreated solo papaya fruits either with 

(MAP) or without exhibited 1.9 & 1.9 scale after 

one week and 2.4 & 2.5 scale after two week at 

5°C. This finding of results was nearly found for the 

both studied seasons. However, chilling injury 

symptoms was development at 18 + 2 °C (market-

able period for 7 days but the positive effect to 

mentioned treatment still appear  

It is well known that low temperature stresses 

render the commodity more susceptible to post-

harvest pathogens and sensitivity chilling injury 

(Paull, 1990). It has been observed in many 

chilling-sensitive crops that modification of the at-

mosphere surrounding the commodity and the high 

humidity created in-package, suppresses CI (Gon-

za´lez-Aguilar et al 2003) Calcium apparently 

strengthens cell walls and cell membranes and 

helps tissue withstand chilling stress. It has re-

duced chilling injury (Wang 1994 & McDonald, 

1996). 

 

1.2. Weight loss % 

 

Generally, an observed increase in weight loss 

% was recorded with increasing time of cold stor-

age and the following days to 18 ± 2°C (Table 2). It 

is clear that packaging fruits in polyethylene line 

led to a reduction weight loss% regardless of the 

combined treatments.  

Weight loss of polyethylene packaged fruits af-

ter two weeks of cold storage ranged (from 2.06 to 

3.88 %) at first season and (from 2.50 to 4.01%) at 

second season  compared to untreated fruits and 

non packaged  which recorded  (5.80 and 4.97 %) 

during both seasons after chilled fruits for two 

weeks. Packaged hot calcium chloride treated 

fruits led also to a reduction in weight loss than 

those treated with same treatment with non- pack-

aged polyethylene line.  On the contrary untreated 

fruits and hot water treated without packaged poly-

ethylene line fruits were exhibited highest values of 

weight loss % than other treatments or control.  

Gonza´lez-Aguilar et al (2003) reported that 

weight losses greater than 8% considerably dimin-

ished the postharvest quality of papaya.  

Post-harvest dipping in Ca
++ 

was effective in 

terms of membrane functionality and integrity 

maintenance, with lower losses of phospholipids 

and proteins and reduced ion leakage and respira-

tion rate (Eaks, 1985) therefore reduced weight 

loss. (Nasr et al 2004) Shrink wrapping have been 

reported to reduce weight loss of papaya fruit 

(Lazan et al 1990). 

 

1.3. Fruits decay % 

 

An evident increase in fruits decay % after the 

7 days in temperate at 18  2°C, especially with 

the fruit chilled for two weeks irrespective of the 

used treatments (Table 3). 

Slight differences between treatments of CaCl2 

were noticed,  however, hot CaCl2  plus polyeth-

ylene packaged (T4) were exhibited the  least val-

ues  of  decay  fruit comparing  with commercial 

treatment (T9) fruits which give values (6.67 and 

13.34 %) at the end of period (7days) subsequent 

of cold storage for two weeks during 2014 and 

2015 seasons, respectively. No significant differ-

ence between treated fruits with calcium chloride 

with packaged and the hot calcium chloride without 

packaged which gave values of fruit decay  rang-

ing from 20.0 to 26.67 % during both season after 

two weeks of cold storage. On the other side, un-

treated fruit (control) and hot water treated fruits 

without packaged recorded the highest percentage 

of decay fruits with no significant differences be-

tween them. After 7 days at 18  2°C under two 

season decay percentage reached to (33.34 & 

33.34 %) with chilled fruit for one weeks and 

(46.67 & 53.00 %) with chilled fruits for two weeks 

during both seasons.  

Calcium chloride treatment resulted in a reduc-

tion of rot decay. Beneficial effects of calcium 

against postharvest decay have been shown for 

various fruit species (Sams, et al 1993). Gallerani 

et al (1990) 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. 

 

1.4. Fruit firmness (Kg/ force) 

 

A clear decreased in fruit firmness of solo  

papaya fruits during storage durations (either  

at cold storage or subsequent days at 182°C with 

all used treatment (Table 4). CaCl2 application 

slowly fruit firmness loss (reduced fruit softness) 

during the subsequent storage at 182°C specially  
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Table 1. Effect of calcium , hot water  and modified atmosphere treatments on chilling injures of solo 

papaya fruits during storage at 5 ± 1°C (treat. 1-8) and at 10 ± 1°C (treat.9) for one or two week  followed 

by 7 days at 18 ± 2°C during 2014 and 2015 seasons 

  

T
re

a
tm

e
n

ts
 

2014 season 2015 season 

Cold storage for 

one week  

Cold storage for 

two week  

Cold storage for 

one week  

Cold storage for 

two week  

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

CaCl2
 a
 1.0 b 1.4 b 1.3 c 1.8 cd 1.0 b 1.4 c 1.3 bc  1.7 cd 

CaCl2
 b

 1.0 b 1.3 b 1.0 c 1.4 d 1.0 b 1.1 c 1.0 c 1.4  d 

Hot CaCl2
a
 1.0 b 1.1 b 1.0 c 1.3 d 1.0 b 1.2 c 1.0 c 1.4 d 

Hot CaCl2
b
 1.0 b 1.0 b 1.0 c 1.2 d 1.0 b 1.0 c 1.0 c 1.1 d 

Hot water
 a
 1.6 b 2.2 a 2.3 ab 2.9 b 1.4 ab 2.1 ab 1.8 ab 2.6 b 

Hot water
 b

 1.4 ab 1.9 a 1.8 b 2.3 bc 1.3 ab 1.7 b 1.5 ab 2.2 bc 

Untreated
 a
 1.9 a 2.3 a 2.4 a 3.6 a 1.7 a 2.3 a 2.0 a 3.2 a 

Untreated
 b

 1.9 a 2.4 a 2.5 a 3.5 ab 1.5 ab 2.5 a 1.9 a 3.4 a 

Control 1.0 b 1.0 b 1.0 c 1.0 c 1.0 b 1.0c 1.0 c 1.0 d 

Values followed by the same letter in each column are not statistically different at 5% level  
a
 Fruits without  packaged polyethylene       

b
 Fruits packaged polyethylene lining 

* Fruit Chilling injures grade are : 1. free & 2. very slight & 3. slight & 4. moderate and 5. sever 

 

 

Table 2. Effect of calcium , hot water and modified atmosphere treatments  on fruit weight loss % of 

solo papaya fruits during storage at 5 ± 1°C (treat. 1-8) and at 10 ± 1°C (treat.9) for one or two week  fol-

lowed by 7 days at 18 ± 2°C during 2014 and 2015 seasons     

 

Treat. 

2014 season 2015 season 

Cold storage for 

one week  

Cold storage for 

two week  

Cold  storage for 

one week  

Cold storage for 

two week  

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

CaCl2
 a
 1.22 bc 2.34 c 1.44 cd 3.31 cd 1.33ab 2.61 d 1.80 c 3.28 c 

CaCl2
 b

 0.91 cd 2.06 cd 1.14 d 2.84 de 0.94cd 2.16 e 1.34 d 2.71 d 

Hot CaCl2
a
 1.16 bc 1.97 cd 1.36 cd 2.67 de 1.25b 2.34 de 1.95 bc 3.02 cd 

Hot CaCl2
b
 0.81 d 1.71 d 1.11 d 2.06 e 0.76d 1.82 e 1.18 d 2.50 d 

Hot water
 a
 1.65 a 4.15 a 2.11 ab 4.85 ab 1.49ab 3.65 b 2.47 ab 4.80 a 

Hot water
 b

 1.03 cd 3.34 b 1.53 cd 3.88 bc 1.21bc 3.21 d 1.73 c 4.01 b 

Untreated
 a
 1.55 a 4.56 a 2.54 a 5.66 a 1.62a 4.05 a 2.62 a 5.11 a 

Untreated
 b

 1.41 ab 4.42a 1.85 bc 5.80a 1.53a 4.39 a 1.97 bc 4.97 a 

Control  1.35 ab 3.54b 1.47 cd 3.88 bc 1.17bc 2.94 cd 1.56 cd 3.94 b 

Values followed by the same letter in each column are not statistically different at 5% level  
a
 Fruits without  packaged polyethylene       

b
 Fruits packaged polyethylene lining 



Impact of calcium, hot water and modified atmosphere atmosphere treatments 
in chilling injury susceptibility of stored Papayas 

Arab Univ. J. Agric. Sci., 24(2), 2016 

599 

Table 3. Effect of calcium , hot water and modified atmosphere treatments  on  decay percentage of 

solo papaya fruits during storage at 5 ± 1°C (treat. 1-8) and at 10 ± 1°C (treat.9) for one or two week  fol-

lowed by 7 days at 18 ± 2°C during 2014 and 2015 seasons 

 

T
re

a
tm

e
n

ts
 

2014 season 2015 season 

Cold storage for 

one week  

Cold storage for 

two week  

Cold storage for 

one week  

Cold storage for 

two week  

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

CaCl2
 a
 0.0 b 13.3 cd 6.67 bc 26.67 bc 0.0 a 20.0 bc 0.0 c 26.67 c 

CaCl2
 b

 0.0 b 6.7 d 0.0 c 20.0 bc 0.0 a 13.34 cd 0.0 c 26.67 c 

Hot CaCl2
a
 0.0 b 6.7 d 0.0 c 20.0 bc 0.0 a 6.7 d 0.0 c 20.0 c 

Hot CaCl2
b
 0.0 b 0.0 d 0.0 c 6.67 d 0.0 a 6.7 d 0.0 c 13.34 cd 

Hot water
 a
 6.67 ab 26.7 ab 13.34 ab 46.7 a 0.0 a 33.34 a 6.7 bc 53.00 a 

Hot water
 b

 0.0 b 20.0 bc 6.67 bc 33.34 ab 0.0 a 26.67 ab 13.34 ab 40.00 b 

Untreated
 a
 6.67 ab 26.7 ab 20.0 a 46.7 a 6.67 a 33.34 a 20.0 a 53.00 a 

Untreated
 b

 13.34 a 33.3 a 20.0 a 46.7 a 6.67 a 33.34 a 20.0 a 46.67 ab 

control  0.0 b 0.0 d 0.0 c 13.34 cd 0.0 a 0.0 d 0.0 c 6.67 d 

Values followed by the same letter in each column are not statistically different at 5% level  
a
 Fruits without  packaged polyethylene       

b
 Fruits packaged polyethylene lining 

 

Table 4. Effect of calcium, hot water and modified atmosphere treatments Fruit firmness (Kg/ force) 

of solo papaya fruits during storage at 5 ± 1°C (treat. 1-8) and at 10 ± 1°C (treat.9) for one or two week  

followed by 7 days at 18 ± 2°C during 2014 and 2015 seasons 

 

T
re

a
tm

e
n

ts
 

2014 season 2015 season 

Cold storage for 

one week  

Cold storage for 

two week  

Cold storage for 

one week  

Cold storage for 

two week  

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

CaCl2
 a
 6.0 bc 5.5ab 5.6bc 5.1b 6.1bc 5.7b 5.8bc 5.1b 

CaCl2
 b

 6.0bc 5.4ab 5.9ab 5.2ab 6.4b 6.0b 6.3ab 5.7a 

Hot CaCl2
a
 6.2b 5.7a 5.8bc 5.3ab 6.5b 5.8b 6.2ab 5.7a 

Hot CaCl2
b
 7.3a 5.6ab 6.4a 5.8a 7.8a 7.0a 6.8a 6.1a 

Hot water
 a
 5.6cd 5.0c 5.4cd 4.1cd 6.0bc 4.6d 5.0cd 4.0cd 

Hot water
 b

 5.8bc 5.3b 5.5bc 4.3c 5.7c 4.9cd 5.0cd 4.5c 

Untreated
 a
 5.3d 4.6d 5.1d 3.7d 5.5c 4.3d 4.8d 4.2cd 

Untreated
 b

 5.3d 4.7cd 5.2d 3.9cd 5.6c 4.4d 4.6d 3.7d 

control  5.9bc 5.4ab 5.6bc 5.1b 6.0bc 5.2c 5.4c 5.0b 

Values followed by the same letter in each column are not statistically different at 5% level  
a
 Fruits without  packaged polyethylene       

b
 Fruits packaged polyethylene lining 

Initial sample recorded 8.6 and 9.1 kg/ force at first and second season 
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the fruits packed with polyethylene. Slight differ-

ences between CaCl2 treatment plus packed (T2) 

and hot calcium chloride treatment without packed 

(T3) which give (5.2 & 5.3 &5.7 and 5.7 Kg/ force) 

during both seasons after 7 days at 18 2°C sub-

sequent two weeks of cold storage respectively.  

The less values of fruit firmness were obtained with 

untreated and hot water treated fruits for 1 and 2 

weeks. A sharp decrease in fruit firmness were 

noticed with untreated and hot water treated fruits 

only without significant differences between them 

which reached (3.7& 3.9 and 4.1 Kg/ force) during 

2014 and(3.7 & 4.2 and 4.0 Kg/ force) during 2015 

after two weeks chilled fruit, storage.  

Heat-treatment of fruit most often increases 

firmness and reduces softening during postharvest 

storage (Valero et al 2002). Inhibition of solubilisa-

tion of the carbonate-soluble pectin fraction is one 

of the main factors contributing to the firmness 

retention due to heat treatment (Lurie, et al 2006). 

The effect of calcium in tissue firmness is gen-

erally explained by complexing cell wall and middle 

lamella polygalacturonic acid residues imparting 

improvement of structural integrity (Morris, 1980). 

However, calcium ions may also impact tissue 

firmness by contributing to increase membrane 

integrity and the consequent maintenance or in-

crease of cell turgor pressure (Mahmud, et al 

2008). 

 

2. Chemical determinations 

 

2.1. Respiration Rate (mg CO2/kg-hr) 

 

It is clear, (Table, 5) that respiration rate was 

decreased at the end of cold storage durations  

(one or two weeks) with all used treatments com-

pared with commercial storage of fruits (fruits 

stored at 10 1°C) which recorded (13.71and 12.0 

mg CO2/kg-hr) at first and second  respectively.   

CaCl2 treatments led to a reduction of respira-

tion rate after one and two weeks at cold storage 

and after 7 days holding at the (18 ± 2°C) com-

pared to control treatment. 

However, the packed fruits in polyethylene line 

led to a reduction in respiratory rate coefficients 

within same treatments (T2 and T4) which recorded  

(26.3 and 25.1mg CO2/kg fruit /hr. ) at first season  

and (21.5 and 25.4 mg CO2/kg fruit /hr.) at second 

season after 7  days at 18 ± 2°C for two weeks 

chilling fruit respectively . Untreated or hot water 

treated fruits exhibited a decrease in respiration 

rate during cold storage followed by a sharp in-

crease after removal from cold storage and during 

holding at 18 ± 2°C ranged from (35.4 to 38.2 

and34.9 to 39.1 mg CO2/kg fruit/hr) at first and 

second seasons receptively after two weeks at (5 ± 

1°C) and subsequent 7 days at 18 ± 2°C.  

Ca
++

 dipping reduced fruit sensitivity to chilling 

injury sine it reduced the respiration and plasma 

membrane degradation (Sabehat, et al 1998). 

Calcium inhibited both the preclimacteric and cli-

macteric respiratory rates (Chávez-Sánchez et al 

2013. The effective treatments in minimizing respi-

ration rate was CaCl2 plus hot water. (Nasr, 2004),  

The rate of oxidation  relative to glycolysis which 

may lead to the accumulation of an intermediate 

respiratory substances to toxic levels or fermenta-

tion causing chilling injury development (Sabehat , 

et al 1998). 

 

2.2. Ethylene production (ppm/g fruit fresh 

weight/hr 

 

Data tabulated in Table (6) showed the effect 

of different treatments on ethylene production of 

solo papaya fruits after one and two weeks of cold 

storage at 51°C and subsequent 7 days at 18 ± 

2°C. Generally, ethylene production was de-

creased during cold storage durations with all used 

treatments compared with initial sample. At the end 

of cold storage duration (two weeks) calcium chlo-

ride treatments either alone or in combination with 

hot water caused a gradual increase in ethylene 

production during subsequent days of cold stor-

age. An evident increase in ethylene production 

during days of storage at 18 ±2°C with all used 

treatments. Hot calcium chloride with fruit packed  

of polyethylene line achieved the highest values of 

ethylene production which recorded (4.35 and 4.43 

mu /kg fruit fresh weight/hr) during  2014 and 2015 

seasons  in the end of subsequent days after  two  

weeks  of chilled fruit at 5 ±1 °C respectively .  

On contrary, untreated recorded the least val-

ues of ethylene production .A sharp decrease in 

ethylene production during cold storage caused a 

general reduction in ethylene production which 

means that fruits failure in ripening , which record-

ed (1.71  and 1.62 mu /kg fruit fresh weight/hr) 

during  2014 and 2015 seasons  in the end of sub-

sequent days after two  weeks  of chilled fruit at 5 

±1 °C respectively .   

Ethylene production and the capacity to convert 

ACC to ethylene were not enhanced by storage 

temperatures, which cause chilling injury to the 

peel (Lederman et al 1997). Lower biosynthesis 
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ethylene action inside the package during storage 

is dependent on the action of this plant growth 

regulator (Argenta et al 2003 and Fante et al 

2014). 

 

2.3. Total soluble solids (TSS %) 

 

Generally, it could be noticed that total soluble 

solids (Table 7) were increased with advanced in 

cold storage duration regardless of pre-storage 

treatments. Initial samples recorded (9.1 and 8.9 

%), while commercial fruits recorded (12.2 & 12.6 

&12.3 and 12.5 %) in the end of days at 18±2°C at 

both season under study of chilled fruits for one 

and two weeks at 5±1°C respectively. No signifi-

cant differences between all used treatments on 

T.S.S% were noticed after the end of both dura-

tions of cold storage (1 &2 weeks). The differences 

between treatments were appeared during its 

presence in the temperature at 182°C. The high-

est T.S.S% were obtained with CaCl2-treated fruits 

with hot water in combined with packed in poly-

ethyen line during both seasons. An observed re-

duction  of total soluble solids with untreated and 

hot water treated fruits without packed were more 

sensitive to chilling injury which recorded values 

ranged from 10.7 to  11 and  from 10.5  to 10.8 % 

in the end of days at 18±2°C after chilled fruits of 

two weeks at 5±1°C during first and second sea-

sons  

 

2.4. Titratable acidity % 

 

As shown in Table (8), hot calcium chloride 

treatment with packaged polyethylene lining exhib-

ited decreasing in acidity which give values (0.18 

and 0.20 %) during both seasons after 7 days sub-

sequence the two weeks respectively. No signifi-

cant differences between CaCl2 with packaged 

polyethylene lining and hot CaCl2 only treatments 

which gave moderate values of acidity. On the 

other hand, untreated chilled fruits for two weeks 

showing symptoms of Cl as well as a significant 

increase in ttitratable acidity (TA) compared to oth-

er treatments and control which reached to 0.32% 

at first season and 0.37 % at second season.The 

inhibition of such enzymes as a resulted of Cl may 

resulted in accumulation of their substances which 

are acidic metabolic substances. The accumula-

tions of such middle substances result in the sub-

sequent development of Cl symptoms. Since most 

of this middle substances are acids, it is logic 

therefore, to assume that higher acidity level will 

be paralleled to the fruits having symptoms of Cl. It 

is suggested, therefore, that acidity increment is an 

accurate indicator for fruit Cl. This phenomenon is 

unique, practical and need to be tested on other 

fruit species sensitive to Cl. (Nasr, 2004). 

Retarding the papaya fruit ripening by calcium 

causing inhibition of enzyme activity could explain 

the delay in the use of organic acids in the enzy-

matic reactions of respiration. 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 adecrease of the organic acids. 

(Mahmud et al 2008).   

 

2.5. L-ascorbic acid content (mg/100g fresh 

weight) 

 

It is clear (Table 9), decrease that a L-ascorbic 

acid content of solo papaya fruits during storage 

durations (cold storage and subsequent days at 

182°C in both seasons. An evident decline in rate 

of L-ascorbic acid content in chilled fruits for two 

weeks than chilled fruits for one week. No signifi-

cant differences in the end of cold storage among 

all tested treatments after one week however, dif-

ferences began to appear in the end of two weeks 

of chilled fruits. Hot calcium chloride treatments 

(with or without MAP) exhibited the high values of 

L-ascorbic acid compared to other treatments. Un-

treated contained less values of L-ascorbic than 

others. The reduction in L-ascorbic acid in the un-

treated fruits were ranged from (32. 4 mg to 16.3 

mg/100 g fresh weight (about 49.69 % losses in L-

ascorbic acid) at first season and (34.3 mg to 18.7 

mg/100 g fresh weight (about 45.35 % losses in L-

ascorbic acid) at second season (from initial sam-

ple to the end of subsequent days of two weeks at 

cold storage). 

Ascorbic acid contents for papaya, during cold 

storage start to decline Lazan et al (1990) and  

Mathooko (1996) reported that the ascorbic acid 

content in tomato increased with maturity and rip-

ening. However, once fruit became fully ripe, the 

vitamin content started to decline. CaCl2 treated 

fruit were firmer and had more ascorbic acid than 

untreated fruit (Sams et al 1993).  
 

2.6. Solute leakage % (EC) 

 

An evident increase in solute leakage Table 

(10) with increasing time of cold storage and the 

following days to 18 ± 2°C with all treated or  

untreated fruits. It is noted that also packaging 

fruits with polyethylene (MAP) has  reduced  solute 
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Table 5. Effect of calcium , hot water and modified atmosphere treatments  on respiration rate (mg 

CO2/Kg fruit /hr.) of solo papaya fruits during storage at 5 ± 1°C (treat. 1-8) and at 10 ± 1°C (treat.9) for 

one or two week  followed by 7 days at 18 ± 2°C during 2014 and 2015 seasons 

  

T
re

a
tm

e
n

ts
 

2014 season 2015 season 

Cold storage for 

one week  

Cold storage for 

two week  

Cold storage for 

one week  

Cold storage for 

two week  

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

CaCl2
 a
 6.96de 24.2 b  7.6 cd 29.7 c 6.5cd 19.3bc 7.3cd 27.9c 

CaCl2
 b

 5.64e 19.6 c 6.4 d 26.3 d 5.2cd 16.1de 6.3d 25.4d 

Hot CaCl2
a
 6.83de 23.7 b 7.7 cd 30.1 c 6.0cd 17.0cd 6.9cd 28.1c 

Hot CaCl2
b
 5.91e 18.7 c 6.2 d 25.1 d 4.9d 14.1e 5.6d 21.5e 

Hot water
 a
 8.10cd 29.5 a 9.4 bc 37.6 a 7.5b 26.1a 8.9bc 36.3b 

Hot water
 b

 7.30c-e 23.4 b 8.3 cd 35.4 b 6.4cd 20.7b 7.4cd 34.9b 

Untreated
 a
 10.87b 29.4 a 11.7 b 38.2 a 9.7b 27.9a 10.2b 37.3ab 

Untreated
 b

 9.24bc 29.9 a 10.6 bc 37.4 ab 9.0b 28.6a 9.5b 39.1a 

Control  13.71a 24.7 b 18.7 a 30.6 c 12.0a 21.9b 16.9a 27.1cd 

Values followed by the same letter in each column are not statistically different at 5% level  
a
 Fruits without  packaged polyethylene       

b
 Fruits packaged polyethylene lining 

Initial sample recorded:    and kg/ force at first and second season 

 

 

 

Table 6. Effect of calcium, hot water and modified atmosphere treatments on Ethylene production 

Mu C2H4  /Kg fresh weight fruit /h of solo papaya fruits during storage at 5 ± 1°C (treat. 1-8) and at 10 ± 

1°C (treat.9) for one or two week  followed by 7 days at 18 ± 2°C during 2014 and 2015 seasons 

  

T
re

a
tm

e
n

ts
 

2014 season 2015 season 

Cold storage for 

one week  

Cold storage for 

two week  

Cold storage for 

one week  

Cold storage for 

two week  

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

CaCl2 1.21 b 3.74a 0.98b 3.11b 1.11b 3.35b 1.07b 3.59b 

CaCl2 + Hot 1.35 ab 3.92a 1.05b 4.35a 1.45a 3.84a 1.17b 4.43a 

Hot water 0.77c 2.45b 0.61c 2.08c 0.87bc 2.51c 0.63c 1.72c 

Untreated 0.65c 1.98c 0.57c 1.71d 0.59c 1.88d 0.53c 1.62c 

Control 1.58a 3.69a 2.13a 4.56a 1.74a 3.93a 2.41a 4.40a 

Values followed by the same letter in each column are not statistically different at 5% level  
a
 Fruits without  packaged polyethylene       

b
 Fruits packaged polyethylene lining 

Initial sample recorded 1.21 and  1.546 mu / kg Kg fresh weight fruit/ hr force at first and second season  
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Table 7. Effect of calcium and modified atmosphere treatments on total soluble solids (S.S.C. %)  of 

solo papaya fruits during storage at 5 ± 1°C (treat. 1-8) and at 10 ± 1°C (treat.9) for one or two week fol-

lowed by 7 days at 18 ± 2°C during 2014 and 2015 seasons  

 

T
re

a
tm

e
n

ts
 

2014 season 2015 season 

Cold storage for 

one week  

Cold storage for 

two week  

Cold storage for 

one week  

Cold storage for 

two week  

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

T1 
a 

10.0 a 12.0 a 10.6 a 12.4 a 9.4 a 12.1 a 10.7 a 12.0 ab 

T2 
b
 10.1 a 12.0 a 10.7 a 12.2 ab 9.3 a 12.2 a 10.6 a 12.2  a 

T3 
a
 10.3 a 12.0 a 10.5 a 12.4 a 9.6 a 12.0 a 10.8 a 12.3 a 

T4 
b
 10.2 a 12.1 a 10.6 a 12.5 a 9.5 a 12.1 a 10.9 a 12.2 a 

T5
 a 

10.1 a 12.2 a 10.6 a 10.7 c 9.3 a 11.6 a 10.6 a 10.8 c 

T6
 b

 10.4 a 12.1 a 10.7 a 11.3 bc 9.4 a 11.6 a 10.7 a 11.0 bc 

T7
 a 

 10.3 a 11.8 a 10.5 a 11.0 c 9.3 a 11.3 a 10.5 a 10.5 c 

T8 
b
 10.3 a 11.9 a 10.7 a 10.9 c 9.5 a  11.4 a 10.3 a 10.7 c 

Control 10.8 a 12.2 a 11.1 a 12.6 a 9.9 a 12.3 a 10.9 a 12.5 a 

Values followed by the same letter in each column are not statistically different at 5% level  
a
 Fruits without  packaged polyethylene       

b
 Fruits packaged polyethylene lining 

Initial sample recorded 9.5 and 8.9 kg/ force at first and second season  

 

 

 

Table 8. Effect of calcium , hot water modified atmosphere treatments  on titratable acidity (TA% ) of 

solo papaya fruits during storage at 5 ± 1°C (treat. 1-8) and at 10 ± 1°C (treat.9) for one or two week  fol-

lowed by 7 days at 18 ± 2°C during 2014 and 2015 seasons  

 

T
re

a
tm

e
n

ts
 

2014 season 2015 season 

Cold storage for 

one week  

Cold storage for 

two week  

Cold storage for 

one week  

Cold storage for 

two week  

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

T1 
a 

0.26 a 0.23 a 0.24 a 0.20 c 0.31 a 0.25 a 0.26 a 0.24 c 

T2 
b
 0.25 a 0.22 a 0.23 a 0.20 c 0.29 a 0.26 a 0.27 a 0.24 c 

T3 
a
 0.24 a 0.24 a 0.23 a 0.21 c 0.28 a 0.25 a 0.26 a 0.24 c 

T4 
b
 0.26 a 0.25 a 0.22 a 0.18 c 0.28 a 0.24 a 0.25 a 0.20 c 

T5
 a 

0.25 a 0.24 a 0.26 a 0.32 a 0.30 a 0.26 a 0.27 a 0.30 b 

T6
 b

 0.26 a 0.23 a 0.25 a 0.28 ab 0.29 a 0.25 a 0.27 a 0.32 b 

T7
 a 

 0.25 a 0.25 a 0.24 a 0.31 a 0.29 a 0.25 a 0.28 a 0.37 a 

T8 
b
 0.26 a 0.23 a 0.25 a 0.31 a 0.31 a 0.24 a 0.29 a 0.34 ab 

Control 0.24 a 0.21 a 0.20 a 0.18 c 0.28 a 0.23 a 0.26 a 0.22 c 

Values followed by the same letter in each column are not statistically different at 5% level  
a
 Fruits without  packaged polyethylene       

b
 Fruits packaged polyethylene lining 

Initial sample recorded 0.28 and 0.34 % at first and second season  
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Table 9. Effect of calcium, hot water and modified atmosphere treatments on L.ascorbic acid con-

tent (LAA mg/100 g fresh weight)  of solo papaya fruits during storage at 5 ± 1°C (treat. 1-8) and at 10 ± 

1°C (treat.9) for one or two week  followed by 7 days at 18 ± 2°C during 2014 and 2015 seasons 

 

T
re

a
tm

e
n

ts
 2014 season 2015 season 

Cold storage for 

one week 

Cold storage for 

two week 

Cold storage for 

one week 

Cold storage for 

two week 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

T1 
a 

20.1c 25.8 ab 28.6a 23.3ab 31.2a 28.0 bc 28.0 a 22.7 bc 

T2 
b
 29.4ab 26.3ab 28.0ab 23.5ab 30.0ab 28.4 b 27.9 a 23.8ab 

T3 
a
 29.5ab 27.1a 27.8ab 24.1a 29.7a-c 30.7a 27.1 ab 23.9ab 

T4 
b
 29.9a 27.7a 28.9a 24.5a 31.4a 29.3ab 29.0 a 25.1a 

T5
 a 

26.9ab 22.7cd 24.1cd 18.9c 30.7ab 25.3d 24.3 cd 19.3d 

T6
 b

 27.8ab 23.9c 25.3c 19.2c 30.5ab 26.4cd 24.4 cd 20.7cd 

T7
 a 

 26.0b 21.5d 23.4cd 16.3d 28.1c 25.1de 23.1 d 19.1d 

T8 
b
 26.0b 22.6cd 24.0cd 17.2cd 28.7bc 24.0e 23.6 cd 18.7d 

Control 27.3ab 24.3bc 26.0bc 21.9b 28.9bc 27.1cd 25.3 bc 22.4bc 

Values followed by the same letter in each column are not statistically different at 5% level  
a
 Fruits without  packaged polyethylene       

b
 Fruits packaged polyethylene lining 

Initial sample recorded 32.4 and 34.3 LAA mg/100 g fresh weight at first and second season  

 

 

Table 10. Effect of calcium , hot water and modified atmosphere treatments on solute leakage % 

(EC) of solo papaya fruits during storage at 5 ± 1°C (treat. 1-8) and at 10 ± 1°C (treat.9) for one or two 

week  followed by 7 days at 18 ± 2°C during 2014 and 2015 seasons 

  

T
re

a
tm

e
n

ts
 2014 season 2015 season 

Cold storage for 

one week  

Cold storage for 

two week  

Cold storage for 

one week  

Cold storage for 

two week  

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

Out of 

storage 

7  days 

at 18 ± 

2°C 

Out of 

storage 

7 days 

at 18± 

2°C 

T1 
a 

19.1 bc 25.1cd 21.4de 27.9c 17.5c 22.5 cd 19.6c 26.3d 

T2 
b
 19.0  bc 24.5d 20.0e 25.8d 17.0c 21.4d 19.1c 25.0d 

T3 
a
 18.7c 23.9d 19.9e 26.1cd 16.7c 21.0d 18.8c 24.8de 

T4 
b
 17.5c 21.8e 19.6e 24.5d 16.3c 20.7d 18.5c 23.2e 

T5
 a 

21.5a 28.6b 24.6bc 35.0a 19.3ab 25.8b 21.9b 35.2b 

T6
 b

 21.0ab 26.9bc 23.1cd 32.1b 18.2bc 24.8b 20.5bc 31.5c 

T7
 a 

 22.8a 30.7a 34.9a 35.2a 20.5a 29.5a 25.8a 39.9a 

T8 
b
 21.5a 31.4a 26.0b 36.8a 20.9a 30.3a 26.7a 36.4b 

Control 22.4a 24.9cd 23.2c 26.6cd 19.5ab 23.9bc 22.3b 26.7d 

Values followed by the same letter in each column are not statistically different at 5% level  
a
 Fruits without  packaged polyethylene       

b
 Fruits packaged polyethylene lining 

Initial sample recorded :    and  kg/ force at first and second season 



Impact of calcium, hot water and modified atmosphere atmosphere treatments 
in chilling injury susceptibility of stored Papayas 

Arab Univ. J. Agric. Sci., 24(2), 2016 

605 

 

leakage % compared to those without packaging. 

A negative correlation was also found between 

CaCl2 application with packaged polyethylene line 

(T3) and fruit solute leakage parameter during cold 

storage at 5 ±1°C and followed by holding for 7 

days at 18 ± 2°C. which give lower values of solute 

leakage  at  2014 season and at 2015 season of 

chilled fruits for two weeks. On contrary, untreated 

fruits or treated with hot water exhibited the highest 

values of solute leakage result from collapse of a 

large internal ranged from 31.2 % to 36.8  % at first 

season and 31.5 to 39.9% at second season, after 

two weeks of chilled fruit in the end days 18 ± 2°C  

respectively. With chilling injury, membrane per-

meability considerably increased due to its deterio-

ration allowing more solute leakage. 

The chilling of sensitive fruit has increased 

Electrolyte leakage (Lester et al 1988). It is clear 

that calcium chloride has a role in the protection 

cell membrane and the protection and suggests 

that the reason for reducing the fruit solute leak-

age. Calcium apparently strengthens cell walls and 

cell membranes and helps tissues withstand 

chilling stress (Wang, 1994 and Hernandez et al 

2006). 
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