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ABSTRACT 
 

This work was carried out during two successive seasons (2009) and (2010) to examine the response of 
Florida Prince peach fruits to some pre-harvest treatments i.e. chitosan at 0.5 and 1.0%  and CaCl2 at 2 and 4 % 
as well as their combinations on some fruit quality parameters under cold storage . Fruit weight loss (%), decay 
(%) and T.S.S.(%) of Florida Prince peach fruits were increased in most cases with advancing the storage 
duration. However, fruit firmness and titratable acidity (%) were decreased with advancing the storage period. 
Meanwhile, the lowest values of weight loss (%) and decay (%) and the best results of shelf life and firmness 
were gained by using the treatment of 1% chitosan + 4% CaCl2. In addition, the highest fruit T.S.S., besides the 
lowest fruit titratable acidity percentage was scored by control and chitosan treatments during the storage 
period. 
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Introduction 

 
Peach is considered one of the most important deciduous fruit that shows great success and is widespread in 

the newly reclaimed areas in Egypt. The fruit may be consumed fresh or processed into jam or jelly. Plant 
growth regulators leave residues that are a potential risk to human health and to the environment, and their use is 
being restricted in developed countries. Thus, it seems necessary to develop new substances to reduce these 
disorders.Chitosan is non-toxic, non-allergenic, edible and safe for domestic animals (Hirano et al., 1990). It is a 
low acetyl form of chitin mainly composed of glucosamine, 2-amino-2- deoxy-β-D-glucose (Freepons, 1991). 

Chitosan is one of the most common natural polymers that can be obtained from various species, 
particularly from the exoskeletons of crustaceans. It is also found in cuticles of insects as well as in the cell 
walls of fungi and some algae (Sandford and Hutchings, 1987 and EPA, 1995). Chitosan is a polysaccharide 
derived from a low acetyl form of chitin, mainly composed of glucosamine and N-acetylglucosamine. Its 
structure and composition is similar to both cellulose and chitin (Freepons, 1991 and Hadwiger and McBride, 
2006). Chitosan has been used in agriculture as a coating material for vegetables, fruits and seeds (Zhang and 
Quantick, 1998; Jiang and Li, 2001and Photchanachai et al., 2006), for controlled agrochemical release of 
fertilizers (Sukwattanasinitt et al., 2001), to stimulate plant immune systems, plant growth and plant production 
and also to protect plants against attack by microorganisms (Hadwiger et al., 2002).Utsunomiya and Kinai 
(1994) applied chitosan-oligosaccharides to soil used for cultivating passion fruit. 

Calcium is the most important mineral element determining fruit quality. The multiple roles of Ca are 
associated with the plant cell. Soluble Ca is involved in protein phosphorylation via Ca-Cal- modulin binding. A 
large portion of the Ca in plant cells is located in the cell wall and plasma membrane where it plays a major role 
in senescence and ripening. Concentrations of 1-5 mm Ca2+occur in the cell wall region (Poovaian et al., 1988). 
Cell wall-bounded Ca is involved in maintaining cell wall integrity by binding carboxyl groups of 
polygalacturonate chains, which are mainly present in the middle lamella and primary cell wall (Chardonnet et 
al., 2003).Preharvest Ca treatments used to increase Ca content of the cell wall were effective in delaying 
senescence, resulting in firmer and higher fruit quality (Serrano et al., 2004; Kluter et al., 2006 and Raese and 
Drake, 2006). Furthermore, Hulme (1971) mentioned that K+ and Ca2+ inhibit amylase activity and stimulate 
invertase activity. Also, the accumulation of K+ and Ca2+ ions in injured tissue might contribute to the difference 
in the activity of the two enzymes in chilled tissue. 
 
Materials And Methods 

 
"Florida Prince" peach trees 8 years old grown in a sandy soil at a private orchard, El Khatatba City, El-

Minufiya Governorate were selected for this study. The selected trees were sprayed three times at two weeks 
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intervals starting in the first week of March with 0.5 and 1.0% chitosan and calcium chloride at 2 and 4% in two 
successive seasons (2009) and (2010), control trees were sprayed with tap water. All treatments were sprayed 
with handgun till run off, the fruits from each treatment were hand harvested in the second half of April. The 
harvested mature fruits were at the optimal commercial fresh market flavour development and healthy fruits free 
from any physiological and pathological disorders were chosen and washed with water containing Borax at 5% 
as a fungicide and then air dried. Each treatment during the two seasons of the study was replicated three times, 
each replicate was represented with six boxes, each box was lined with butter paper and contained 2kg of fruits. 
The boxes were stored at 0±2 ˚C and 90 -95 % R.H. Three of these boxes were employed to determine the 
changes in physical properties and the other ones were employed for the determination of chemical properties 
during storage. Physical properties i.e. Fruit decay%, weight loses % and firmness were determined every seven 
days. Also, chemical constituents determinations were carried out every 7 days by using three fruits that were 
taken from the other boxes employed for chemical properties determination. 
 
Effect of the tested treatments (chitosan and calcium chloride) on "Florida Prince" peach fruits were evaluated 
through the following determinations:   
 
1. Fruit physical properties: 

 
1.1. Fruit weight loss percentage: 

 
The initial weight of peach fruits was recorded in each treatment and at weekly intervals, then fruit weight 

loss % was calculated by weighing the same fruits at each interval and at the end of cold storage duration using 
the following formula: 

Fruit weight loss %  = Initial weight – Weight at specific interval × 100 
Initial weight 

 
1.2. Fruit decay percentage: 

 
The decayed fruits of each treatment were discarded and weighed. The weight of such discarded fruits 

related to the initial weight of fruits per each treatment was estimated and decay percentage was calculated. 
 
1.3. Fruit firmness (Ib/inch2): 

 
Three fruits of each replicate were taken at weekly intervals to determine the changes in fruit firmness using 

the Effegi firmness tester with an 5/16  plunger (Effegi 48011 Alfonsine, Italy). Fruit firmness was expressed in 
Ib/inch2. 
 
1.4. Shelf life (days): 

 
At the end of cold storage period, samples of the treated fruits were taken and left at room conditions (25±5 

˚C and 65-70% R.H.) and the number of days at which treated fruits remained with good appearance were 
counted and shelf life was determined. 
 
2. Fruit chemical properties: 
 
2.1. Fruit total soluble solids: 

 
Total soluble solids of peach fruit juice were measured using a hand refractometer, according to (A.O.A.C. 

1985). The total soluble solids were expressed as a percent. 
 
2.2. Fruit titratable acidity: 

 
Peach fruit juice samples (5 ml) were used and titrated with 0.1 N sodium hydroxide in the presence of 

phenolphthalein as an indicator, according to A.O.A.C. (1985). The titratable acidity was expressed as grams of 
malic acid per 100 ml of juice. 
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Statistical Analysis: 
 

Data obtained in the two studied seasons were subjected to the analysis of variance according to Snedecor 
and Cochran (1989) least significant differences (L.S.D.) were used to differentiate between means of the 
obtained values. 
 
Results And Descussion 
 
Effect of chitosan and calcium chloride treatments on: 
 
1. Fruit physical properties: 
 
1.1. Fruit weight loss percentage: 

 
As for the effect of storage period, data in Table (1) clear that fruit weight loss percentage was increased 

with increasing the storage period. So, thirty five days storage period under cold storage recorded the highest 
value, whereas the lowest value was obtained after seven days under cold storage in both seasons. The statistical 
analysis emphasizes that the differences between the aforementioned cold storage durations were high to be 
significant. 

With regard to the effect of the tested pre-harvest treatments, data reported in Table (1) demonstrate that 1% 
chitosan + 4% CaCl2 treated-fruits showed to be the superior one in reducing fruit weight loss percentage as 
compared with control in both seasons. Other treatments registered an intermediate values in comparison with 
the previously two mentioned categories in both seasons. 
 
Table 1: Effect of some pre-harvest treatments on weight loss % of Florida Prince peach fruits stored at 0±2 ˚C during 2009 and 2010  
              seasons. 

Treatments 
2009 season Means 

Storage periods 
7 14 21 28 35 

Control 2.57 7.03 12.44 18.72 24.63 13.08 A 
Chitosan at 0.5% 2.15 6.90 10.07 14.62 20.87 10.92 C 
Chitosan at 1.0% 2.02 6.54 9.92 14.19 20.43 10.62 CD 
CaCl2 at 2% 2.33 6.91 12.50 18.36 23.72 12.76 A 
CaCl2 at 4% 2.10 6.90 12.11 16.52 21.38 11.80 B 
Chitosan at 0.5% + CaCl2 at 2% 1.98 6.32 9.87 13.51 20.47 10.43 CD 
Chitosan at 0.5% + CaCl2 at 4% 1.78 5.72 8.35 12.72 19.51 9.62 EF 
Chitosan at 1.0% + CaCl2 at 2% 1.70 6.12 9.73 12.87 19.70 10.02 DE 
Chitosan at 1.0% + CaCl2 at 4% 1.67 5.43 8.12 11.75 18.11 9.02 F 
Means 2.03 E 6.43 D 10.35 C 14.81 B 20.98 A  

L.S.D for the interaction effect between treatments and storage periods at 5% = 1.35 
Treatments 2010 season Means 
Control 2.23 6.11 9.47 14.23 25.13 11.44 A 
Chitosan at 0.5% 2.10 5.90 8.01 13.80 21.06 10.17 BC 
Chitosan at 1.0% 1.83 5.80 7.84 13.62 19.08 9.64 CD 
CaCl2 at 2% 2.32 5.93 8.70 15.35 23.63 11.19 A 
CaCl2 at 4% 2.12 5.87 8.43 14.29 21.15 10.37 B 
Chitosan at 0.5% + CaCl2 at 2% 1.87 5.15 7.62 12.97 17.53 9.03 D 
Chitosan at 0.5% + CaCl2 at 4% 1.73 5.09 7.43 12.71 20.39 9.47 D 
Chitosan at 1.0% + CaCl2 at 2% 1.80 4.83 7.31 12.30 19.31 9.11 D 
Chitosan at 1.0% + CaCl2 at 4% 1.68 4.73 6.05 10.87 17.72 8.21 E 
Means 1.97 E 5.49 D 7.87 C 13.35 B 20.56 A  

L.S.D for the interaction effect between treatments and storage periods at 5% = 1.44 
 
Concerning the interaction effect between the tested storage periods and pre-harvest treatments, data in the 

same Table reveal that the lowest fruit weight loss (%) was obtained by the combinations of seven days storage 
period, especially those interacted with the treatment of 1% chitosan + 4% CaCl2 in both seasons. On the 
contrary, the highest values in this parameter were gained by the interactions of thirty five days storage period, 
particularly that of control treatment in both seasons. 

The loss in fruit weight is mainly due to water loss as a result of evaporation and transpiration and the 
amount of dry matter was lost by respiration. Chitosan coatings act as barriers, thereby restricting water transfer 
and protecting fruit skin from mechanical injuries, as well as sealing small wounds and thus delaying 
dehydration (Ribeiro et al., 2007). Chitosan coating has been reported as an effective material in controlling 
water loss from other commodities, including longan fruit (Jiang and Li, 2001), banana and mango (Kitturet al., 
2001) and strawberries (Ribeiro et al., 2007). 
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The effect of CaCl2 on fruit weight loss percentage go in line with earlier studies of Choudhury et al. (2003), 

Serrano et al., (2004), Hafez and Haggag  (2007) and Mahmoud (2008). They realized that the loss in fruit weight 
during storage of sapotas, peaches and nectarines, apples and peaches, respectively was greatly reduced due to pre-
harvest sprays of calcium in the form of calcium chloride at 0.3-7.5% or calcium nitrate at 1.0-2.5%. 
 
2. Fruit decay percentage: 

 
It is worthy to notice from Table (2) that there was a steady increase in fruit decay percentage with 

prolonging the storage period. The gained data confirmed this result, hence the highest fruit decay percentages 
were recorded after thirty five days of cold stored, followed in a descending order by twenty eight days storage 
period as compared with those stored for seven days during the first and second seasons, respectively. The 
differences between the tested storage periods were pronounced to be significant in both seasons. 
 
Table 2: Effect of some pre-harvest treatments on decay % of Florida Prince peach fruits stored at 0±2 ˚C during 2009 and 2010 seasons. 

Treatments 
2009 season 

Means Storage periods 
7 14 21 28 35 

Control 2.46 10.23 18.30 32.72 52.20 23.18 A 
Chitosan at 0.5% 0.00 5.68 12.76 26.70 39.46 16.96 D 
Chitosan at 1.0% 0.00 5.50 12.60 26.52 36.21 16.17 DE 
CaCl2 at 2% 0.00 7.87 15.03 30.54 46.10 19.91 B 
CaCl2 at 4% 0.00 5.42 13.26 28.19 45.70 18.51 C 
Chitosan at 0.5% + CaCl2 at 2% 0.00 5.31 12.32 24.39 35.34 15.47 EF 
Chitosan at 0.5% + CaCl2 at 4% 0.00 4.29 11.37 22.40 35.29 14.67 FG 
Chitosan at 1.0% + CaCl2 at 2% 0.00 4.25 10.13 21.39 33.72 13.90 GH 
Chitosan at 1.0% + CaCl2 at 4% 0.00 2.67 9.83 21.27 33.06 13.37 H 
Means 0.27 E 5.71 D 12.84 C 26.01 B 39.68 A  

L.S.D for the interaction effect between treatments and storage periods at 5% = 1.95 
Treatments 2010 season Means 
Control 2.58 9.57 16.72 29.71 50.53 21.82 A 
Chitosan at 0.5% 0.86 4.93 11.53 25.23 38.70 19.24 CD 
Chitosan at 1.0% 0.00 4.81 11.10 24.75 36.14 15.36 D 
CaCl2 at 2% 2.45 8.14 15.70 28.20 41.70 19.24 B 
CaCl2 at 4% 0.92 8.20 12.15 26.10 38.13 17.10 C 
Chitosan at 0.5% + CaCl2 at 2% 0.000 3.97 10.77 23.34 32.77 14.17 E 
Chitosan at 0.5% + CaCl2 at 4% 0.00 2.76 9.76 21.15 33.19 13.37 EF 
Chitosan at 1.0% + CaCl2 at 2% 0.00 2.53 9.11 19.72 32.80 12.83 FG 
Chitosan at 1.0% + CaCl2 at 4% 0.00 2.31 8.71 18.91 31.40 12.27 G 
Means 0.76 E 5.25 D 11.73 C 24.12 B  37.26 A  

L.S.D for the interaction effect between treatments and storage periods at 5% = 2.41 
 

In regard to the effect of the tested pre-harvest treatments, Table (2) demonstrates that all evaluated pre-
harvest treatments succeeded in reducing decay percentage of Florida Prince peach fruits during storage 
duration in comparison with untreated fruits “control” in both seasons. Generally, the treatment of 1% chitosan 
+ 4% CaCl2 proved to be the most efficient treatment in this concern, followed descendingly by 1% chitosan + 
2% CaCl2 treatment. 

Looking to the interaction effect between the tested storage periods and pre-harvest treatments, it is obvious 
from Table (2) that the interactions of seven days cold storage duration induced the lowest fruit decay (%), 
particularly those interacted with the treatment between chitosan and CaCl2 with different concentrations in both 
seasons. On the opposite, the highest fruit decay (%) were registered by the interactions of thirty five cold 
storage period, especially untreated fruits  “control”  in both seasons. The remained interactions of the tested 
storage periods came in-between in both seasons. 

It is likely that chitosan produces a film coating the fruit surface, which would modify its gas exchange with 
the atmosphere and its internal gas composition. Li and Yu (2000) recorded that chitosan coating often inhibits 
CO2 production; consequently ethylene production of the commodity is also reduced. Both inhibitory effects 
were reported in peaches coated with chitosan. The gained results of pre-harvest chitosan in reducing the decay 
go in line with findings of Romanazzi et al., (2002) on table grapes, Chien et al., (2007) on citrus, Yu et al., 
(2007) on apples and Meng et al., (2008) on grapes. Recently, preharvest and postharvest chitosan treatments of 
table grapes, strawberries and sweet cherries reduce their decay in the field and during storage, with the best 
performance at the highest tested concentration usually 1% (Romanazzi, 2010). 

Conway et al., (1993) reported the effect of Ca in reducing decay and maintaining fruit quality is associates 
with maintaining cell wall structure by dealing or modifying chemical changes in cell wall composition. 
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The obtained results of CaCl2 in this concept go in line with findings of Choudhury et al., (2003) on Sapota 

cv. Pala and Mahmoud (2008) on peach cv. Desert Red and apricot cv. Canino. They sprayed the trees of these 
fruit species with calcium as a pre harvest treatment to enhance fruit storage life. 
 
3. Fruit firmness (Ib/inch2): 

 
It is clear from Table (3) that Florida Prince peach fruits showed gradual loss in their firmness with the 

advancement of storage period. The obtained results indicate this fact, hence, the initial readings scored the 
higher values of fruit firmness (Ib/inch2). Whereas, thirty five days of cold storage recorded the lowest values of 
fruit firmness. The differences between all studied storage periods were significant in both seasons. 

As for the effect of the tested treatments, results in Table (3) reveal that all tested treatments enhanced fruit 
firmness during storage period as compared with control. The highest values of fruit firmness were recorded by 
1% chitosan + 4% CaCl2 treatment in both seasons. 

Examining the interaction effect between storage periods and the tested pre-harvest treatments, data 
presented in Table (3) show that irrespective of the initial readings, the interactions of seven days storage period 
registered the highest values of fruit firmness, especially 1% chitosan + 4% CaCl2-treated fruits in the first and 
second seasons. On the contrary, the lowest values of fruit firmness were recorded by the interactions of thirty 
five days storage period, especially untreated fruits in both seasons. The other values came in-between, and the 
differences between the different storage period interactions were significant and within each specific storage 
period were in most cases significant. 

 
Table 3: Effect of some pre-harvest treatments on fruit firmness (Ib/inch2) of Florida Prince peach fruits stored at 0±2 ˚C during 2009 and  
             2010 seasons. 

Treatments 
2009 season Means 

Storage periods 
0 7 14 21 28 35 

Control 8.67 8.00 6.43 4.43 3.13 1.90 5.43 F 
Chitosan at 0.5% 9.45 8.73 7.91 5.91 4.00 2.23 6.37 E 
Chitosan at 1.0% 9.73 9.22 8.40 6.20 4.13 2.57 6.71 D 
CaCl2 at 2% 9.21 8.82 7.72 6.07 3.93 2.07 6.30 E 
CaCl2 at 4% 9.57 8.87 7.65 6.13 4.03 2.07 6.39 E 
Chitosan at 0.5% + CaCl2 at 2% 10.43 10.03 8.75 6.45 4.60 2.60 7.14 C 
Chitosan at 0.5% + CaCl2 at 4% 10.83 10.50 8.95 6.50 4.63 2.77 7.36 B 
Chitosan at 1.0% + CaCl2 at 2% 10.91 10.52 9.03 6.47 4.93 3.17 7.50 B 
Chitosan at 1.0% + CaCl2 at 4% 11.90 11.33 9.70 7.43 5.10 3.00 8.08 A 
Means 10.08 A 9.56 B 8.28 C 6.18 C 4.28 E 2.49 F  

L.S.D for the interaction effect between treatments and storage periods at 5% = 0.38 
Treatments 2010 season Means 
Control 9.13 8.65 7.40 5.23 3.13 2.10 5.94 I 
Chitosan at 0.5% 9.57 9.25 8.07 6.90 5.13 2.80 6.95 F 
Chitosan at 1% 10.17 9.30 8.55 7.50 5.20 3.10 7.30 E 
CaCl2 at 2% 9.50 8.70 7.55 5.30 3.51 2.17 6.12 H 
CaCl2 at 4% 9.77 9.10 8.17 6.20 3.73 2.17 6.52 G 
Chitosan at 0.5% + CaCl2 at 2% 10.30 10.00 8.90 7.80 5.25 3.03 7.55 D 
Chitosan at 0.5% + CaCl2 at 4% 10.90 10.60 8.05 7.80 5.60 3.37 7.72 C 
Chitosan at 1.0% + CaCl2 at 2% 11.50 11.10 9.80 8.16 5.60 3.50 8.28 B 
Chitosan at 1.0% + CaCl2 at 4% 12.20 11.85 10.00 8.27 5.70 3.50 8.59 A 
Means 10.34 A 9.84 B 8.50 C 7.02 D 4.76 E 2.86 F  

L.S.D for the interaction effect between treatments and storage periods at 5% = 0.24 
 

The decrease in fruit firmness of peaches with the progress of storage period is due mainly to 
decomposition of enzymatic degradation in insoluble protopectins to more simple soluble pectins, solubilization 
of cell and cell wall contents as a result of the increasing in pectin esterase activity (Deshpande and Salunkhe, 
1964). 

The results of pre-harvest chitosan are in harmony with those mentioned by Li and Yu, 2000; Bautista-
Banos et al., 2003 and Fernado et al., 2005. They declared that the loss of firmness of the chitosan-treated fruits 
such as peaches, papayas and Clementine mandarins was delayed during the storage period. 

CaCl2 treatment applied on Florida Prince peach fruits showed higher significant flesh firmness for 
refrigerated fruits at 0±2 ˚C. This result can be explained with the effect of Ca on fruit softening where it is an 
essential part of the cell wall structure and it also influences cell membrane integrity (Fallahi et al., 1997). 
Furthermore, CaCl2 treatment may delay glactolipid breakdown, increase the rate of sterol conjugation and they 
affect membrane organization and function during the postharvest life of fruits (Picchioni et al., 1995). 

The decrease in reduction rate of flesh firmness during storage due to the tested pre-harvest sprays of CaCl2 
is in agreement with earlier reports of Brar et al., (1997) and Guarinoni et al., (2000) and Mahmoud (2008)on 
peach fruits.They realized that Ca treatments succeeded in reducing the loss of fruit firmness during storage. 
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4. Shelf life (days): 

 
Data presented in Table (4) indicate that shelf life of Florida Prince peach fruits was progressively increased 

by using all studied pre-harvest treatments, the superior treatment was1% chitosan + 4% CaCl2, followed in a 
descending order by using the treatments of 1% chitosan + 2% CaCl2 and 1% chitosan  + 4% CaCl2 as compared 
with control in both seasons. Also, the treatments of 0.5% chitosan + 2% CaCl2 and chitosan at 1% scored 
highly significant increments in this parameter as they gave the same values in both seasons. 

 
Table 4: Effect of some pre-harvest treatments on shelf life (days) of Florida Prince peach fruits after 35 days cold storage at 0±2 ˚C during  
             2009 and 2010 seasons. 

Treatments 
shelf life (days) 

 2009 season 2010 season 
Control 2.00 D 2.00 D 
Chitosan at 0.5% 3.33 BC 2.67 BC 
Chitosan at 1.0% 3.33 BC 3.67 BC 
CaCl2 at 2% 2.33 D 3.00 C 
CaCl2 at 4% 2.67 CD 3.33 BC 
Chitosan at 0.5% + CaCl2 at 2% 3.33 BC 3.67 BC 
Chitosan at 0.5% + CaCl2 at 4% 4.00 AB 3.67 BC 
Chitosan at 1.0% + CaCl2 at 2% 4.00 AB 4.00 AB 
Chitosan at 1.0% + CaCl2 at 4% 4.33 A 4.67 A 

 
The abovementioned results of CaCl2 go in line with those of Mahajan and Sharma (2000) on peaches and 

Mahmoud (2008)on peaches and apricots. They recorded that shelf life was longer in Ca- treated fruits as a pre- 
harvest treatments. 
 
5. Total soluble solid percentage (T.S.S. %): 

 
Data in Table (5) indicate that the longer the storage period (35 days), the higher was the fruit total soluble 

solid percentage. However, seven days storage period induced the lowest values of fruit total soluble solid 
content (irrespective of the initial reading).  

Referring to the effect of tested pre-harvest treatments, obtained data in the same Table reveal that all tested 
treatments affected fruit total soluble solids in both seasons.However, untreated fruits had statistically higher 
total soluble solids than the majority of tested pre-harvest treatments in both seasons. On the other hand, 1% 
chitosan + 2% CaCl2 treated- fruits had statistically lower total soluble solids than all tested pre-harvest 
treatments in the first and second seasons. 
 
Table 5: Effect of some pre –harvest treatments on total soluble solid (T.S.S. %) of Florida Prince peach fruits stored at 0±2 ˚C during 2009  
             and 2010 seasons. 

Treatments 
2009 season Means 

Storage periods (days) 
0 7 14 21 28 35 

Control 11.90 12.47 12.97 13.80 14.92 15.74 13.63 A 
Chitosan at 0.5% 12.23 12.56 13.10 13.76 14.60 15.16 13.57 AB 
Chitosan at 1.0% 12.30 12.60 13.10 13.70 14.50 15.07 13.54 ABC 
CaCl2 at 2% 11.56 12.32 12.87 13.62 14.86 15.63 13.48 BCD 
CaCl2 at 4% 11.62 12.24 12.78 13.70 14.80 15.52 13.44 CD 
Chitosan at 0.5% + CaCl2 at 2% 11.97 12.39 12.90 13.71 14.52 15.43 13.49 BCD 
Chitosan at 0.5% + CaCl2 at 4% 12.08 12.40 12.97 13.75 14.43 15.72 13.48 BCD 
Chitosan at 1.0% + CaCl2 at 2% 11.92 12.37 12.86 13.72 14.40 15.20 13.41 D 
Chitosan at 1.0% + CaCl2 at 4% 12.23 12.51 13.08 13.71 14.22 15.10 13.48 BCD 
Means 11.98 F 12.43 E 12.96 D 13.72 C 14.58 B 15.35 A  

L.S.D for the interaction effect between treatments and storage periods at 5% = 0.26 
Treatments 2010 season Means 
Control 11.56 11.95 12.72 14.20 15.42 15.23 13.51 A 
Chitosan at 0.5% 11.70 12.12 12.57 13.42 14.40 15.10 13.22 C 
Chitosan at 1.0% 11.78 12.12 12.60 13.33 14.40 15.15 13.23 C 
CaCl2 at 2% 11.43 11.90 12.65 13.97 15.33 15.42 13.45 AB 
CaCl2 at 4% 10.85 11.70 12.57 13.90 15.27 15.30 13.26 C 
Chitosan at 0.5% + CaCl2 at 2% 11.62 11.82 12.50 13.90 14.80 15.30 13.32 BC 
Chitosan at 0.5% + CaCl2 at 4% 11.60 11.85 12.50 13.67 14.76 15.20 13.26 C 
Chitosan at 1.0% + CaCl2 at 2% 11.62 11.90 12.42 13.60 14.53 15.20 13.21 C 
Chitosan at 1.0% + CaCl2 at 4% 11.70 11.90 14.40 13.60 14.37 15.13 13.18 C 
Means 11.54 F 11.92 E 12.55 D 13.73 C 14.81 B 15.23 A  

L.S.D for the interaction effect between treatments and storage periods at 5% = 0.43 
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Evaluating the interaction effect between storage periods and the tested treatments, data presented in Table 

(5) show that the interactions of thirty five cold storage period, registered the highest values of fruit total soluble 
solids percentage, especially untreated fruits “control” in the first season and 2% CaCl2- treated fruits in the 
second one. 

On the opposite, the lowest fruit total soluble solids percentage were recorded by the interactions of zero 
day storage period (initial readings), especially 2% CaCl2- treated fruits in the first season and 4% CaCl2- 
treated fruits in the second one. The remained interactions of the tested storage periods came in-between in both 
seasons. 

The gained results of calcium as a pre-harvest treatment are in harmony with the analogous ones mentioned by 
Siddiqui and Bangerth (1995) on apple and Montanaro et al., (2006) on kiwifruit. 
 
6. Total acidity percentage (T.A.%): 

 
Data in Table (6) illustrate that prolonging the storage period induced a remarkable decrease in fruit total 

titratable acidity content of Florida Prince peach fruits, where the initial value of fresh fruit (Zero day storage) 
recorded the highest readings of total titratable acidity percentage in comparison with the other tested storage 
periods. Consequently, the lowest values of this parameter were recorded by those cold stored for thirty five 
days. The differences between the studied storage periods in this respect were significant from the standpoint in 
both seasons. 

As for the effect of pre- harvest treatments, data in the same Table show that all tested treatments increased 
the titratable acidity as compared with control, except for the treatment of chitosan at 1%which decreased this 
parameter with non-significant differences in both seasons. However, the highest value of this parameter was 
gained by using 0.5% chitosan + 4% CaCl2 - treated fruits in both seasons. 

Concerning the interaction effect between the tested treatments and storage period, it is quite clear from 
Table (6) that the interactions of zero day storage period (initial readings) scored the highest values of fruit total 
acidity content, especially 4% CaCl2-treated fruits in both seasons. On reverse, the lowest values of this 
parameter were registered by the combinations of thirty five days storage duration, particularly those interacted 
with the treatment of 1% chitosan + 2% CaCl2 in the first season and control in the second one. The remained 
interactions of the studied storage periods came in-between in both seasons. 
 
Table 6: Effect of some pre- harvest treatments on titratable acidity (T.A. %) of Florida Prince peach fruits stored at 0±2 ˚C during 2009  
              and 2010 seasons. 

Treatments 
2009 season Means 

Storage periods (days) 
0 7 14 21 28 35 

Control 0.97 0.93 0.81 0.67 0.47 0.57 0.74 B 
Chitosan at 0.5% 0.93 0.91 0.84 0.72 0.58 0.51 0.75 B 
Chitosan at 1.0% 0.91 0.90 0.80 0.70 0.56 0.53 0.73 B 
CaCl2 at 2% 1.03 0.95 0.86 0.72 0.60 0.54 0.78 A 
CaCl2 at 4% 1.05 0.95 0.87 0.74 0.62 0.54 0.79 A 
Chitosan at 0.5% + CaCl2 at 2% 0.97 0.93 0.87 0.70 0.62 0.56 0.78 A 
Chitosan at 0.5% + CaCl2 at 4% 1.01 0.95 0.87 0.70 0.65 0.53 0.79 A 
Chitosan at 1.0% + CaCl2 at 2% 0.95 0.93 0.86 0.75 0.67 0.50 0.78 A 
Chitosan at 1.0% + CaCl2 at 4% 0.93 0.92 0.84 0.75 0.70 0.54 0.78 A 
Means 0.97 A 0.93 B 0.85 C 0.72 D 0.61 E 0.54 F  

L.S.D for the interaction effect between treatments and storage periods at 5% = 0.05 
Treatments 2010 season Means 
Control 1.08 1.05 0.86 0.60 0.42 0.39 0.73 EF 
Chitosan at 0.5% 1.07 1.01 0.83 0.63 0.51 0.45 0.75 E 
Chitosan at 1.0% 1.05 0.97 0.83 0.60 0.46 0.43 0.72 F 
CaCl2 at 2% 1.13 1.07 0.93 0.67 0.53 0.43 0.79 BCD 
CaCl2 at 4% 1.15 1.07 1.00 0.73 0.61 0.49 0.84 A 
Chitosan at 0.5% + CaCl2 at 2% 1.10 1.03 0.86 0.65 0.55 0.47 0.78 D 
Chitosan at 0.5% + CaCl2 at 4% 1.13 1.07 0.90 0.70 0.59 0.47 0.81 B 
Chitosan at 1.0% + CaCl2 at 2% 1.11 1.03 0.87 0.65 0.58 0.45 0.78 CD 
Chitosan at 1.0% + CaCl2 at 4% 1.13 1.05 0.90 0.70 0.55 0.47 0.80 BC 
Means 1.11 A 1.04 B 0.89 C 0.66 D 0.53 E 0.45 F  

L.S.D for the interaction effect between treatments and storage periods at 5% = 0.05 
 
The decrease in fruit acidity during storage period may be due to the metabolic changes in fruits or due to 

the use of organic acids in respiratory process (Echeverria and Valich, 1989). Li and Yu (2000) found that at the 
end of the storage period, titratable acidity was increased on the chitosan-treated peaches, while in other crops 
such as longan and mangoes, acidity was slowly reduced, associating this decrease with loss of eating quality 
(Jiang and Li, 2001 and Srinivasa et al., 2002). 
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The recorded results of CaCl2 dealing with their prospective effect on improving fruit flavour, enhancing 

fruit quality are in harmony with earlier works of Brar et al. (1997) on peach cv. Shan-1-Punjab, Choudhury et 
al. (2003) on sapota cv. Pala and Mahmoud (2008) on peach cv. Desert Redand apricot cv. Canino. 

The aforementioned results of chitosan may be due to that chitosan can be used as a plant growth enhancer 
for orchid production especially for immature plants or in tissue culture. Possibly, chitosan may induce a signal 
to synthesize plant hormones such as gibberellins. In addition, chitosan may enhance growth and development 
by some signaling pathway related to auxin biosynthesis via a tryptophan- independent pathway. Moreover, 
chitosan has inconsistent effects on growth and development of mature orchid plants. Chitosan can reduce 
disease severity in orchids, possibly by increasing the activity of PAL and PPO, lignification resulting from 
increased biosynthesis of phenolic compounds or induced secondary metabolites and SAR. Also, increased 
disease resistance may be mediated in part via an increase in the concentrations of jasmonic acid. Furthermore, 
resistance to disease infections may also involve closure of stomata by ABA (Apiradee et al., 2007). 

Additionally, calcium appears to have an important regulating role in the metabolism of tree fruits. 
Metabolic disorders are reduced if calcium is present in sufficiently high quantities in fruit. Several metabolic 
disorders are associated with the high rate of respiration or over maturity of the fruit. This suggests that calcium 
may regulate respiration and perhaps other metabolic processes in the mature fruit (Miklos and Shear, 1972). 

Conclusively, the results obtained in this work indicated that chitosan alone or in combination with calcium 
chloride as pre-harvest treatments, is effective methods for extending the storage life of Florida Prince peach 
fruits. The most effective treatment in maintaining fruit quality was 1.0 % chitosan + 4% CaCl2 during cold 
storage period at 0±2 ˚C. 
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