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Abstract 

"Barhi" fruits obtained from, 11 years old date palm plants are grown on a private farm (Pico) at Masr-

Alexandria desert road, Egypt. Date palm fruits were harvested at the Khalal stage when fruits attained full color 

(bright yellow) in mid-September during the 2019 and 2020 experimental seasons (one month before 

treatments). Fruits were delivered to a packing house on the same farm. Fruits that showed no symptoms of 

mechanical damage or degradation were chosen and standardized to ensure uniform size, color, and form, before 

being randomly assigned to one of ten groups. The goal of this study was to see how chitosan, Nano-Chitosan, 

and calcium chloride, used individually as safe pre-harvest treatments with different concentrations, affected 

some physicochemical aspects of "Barhi" date palm fruits to retain quality during cold storage and lengthen 

post-harvest life. Anyhow, the used pre-harvest treatments were: Control (Water only), Chitosan 1,  2 and  3 

g/L, CaCl2 1, 2 and 3g/L, Nano-Chitosan 1, 2 and 3 cm3 /L. all the treatments were added sprinkles every two 

weeks (two times pre-harvest) during the period from 15 August to 15 September (harvest time). Taking into 

consideration that sprays treatments were applied covering the whole bunch, whereas 2 liters was found to be 

sufficient in this concern. All treatments were very effective for improving fruit quality in terms of increasing 

(total soluble solids %, total sugars, total acidity %, TSS/acid ratio, and total soluble tannins) as compared with 

the control treatment. The best results concerning fruit quality and storability of Barhi date palms were obtained 

with the treatments Nano-Chitosan 3 cm3 /L. or CaCl2 3g/L. 
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Introduction 

 

Date palm (Phoenix dactyllifera L.) is a 

monoctyledonous and dioecious species belonging to 

Arecaceae (Palmaceae) family. It is one of the oldest 

fruit trees in the world. It is known as the "Tree of 

life" because of its resilience, low water 

requirements, long-term productivity, and 

multipurpose qualities. 

The Berhi variety is one among the most 

popular palm date cultivars in the Mediterranean 

region and is commonly harvested and consumed 

fresh at the khalal stage, but they tend to mature 

quickly and enter the rutab stage under normal 

storage conditions (Ismail et al., 2006) 

However, the economic value of the "Barhi" date 

decreases sharply when it ripens as surplus 

production has to be sold at lower prices. Thus, it is 

important to slow down ripening and extend the 

market in fruits of the "Barhi " date. The major goal 

of post-harvest technology and preharvest, which 

seeks to use safe and effective methods to maintain 

quality handling and transport of date fruits for local 

market and export. Modern technology which 

involves methods like the application of edible 

coatings, cold storage, etc. is taking advantage of the 

synergistic effect of different treatments to enhance 

the post-harvest life of climacteric fruits. 

Date palm fruit post-harvest losses are a severe 

problem in Egypt, owing to rapid deterioration 

during handling, shipping, and storage. Barhi dates 

palm fruits, at the khalal stage are often preferred and 

considered a premium product because they are 

physiologically mature, hard, crisp, bright yellow in 

color and have the highest moisture (Ismail et al., 

2006). This indicates the positive effect of safe post-

harvest coating treatments with chitosan, calcium 

chloride, each alone and combination of them and 

cold storage in retarding the fruit ripening process, 

maintaining quality attributes and could extend cold 

storage period of "Barhi" date palm by maintaining 

on changes of Physico-chemical characteristics. 

Edible coatings with semipermeable film can 

prolong post-harvest fruit life by reducing moisture, 

respiration, gas exchange and oxidative reaction rates 

(Petriccione et al., 2015). 

Chitosan (poly-B - (1-4) N-acetyl-d-glucose 

amine), is a natural antimicrobial compound. It 

can be obtained from crustacean shells (crabs, 

shrimp and crayfishes) either by chemical or 

microbiological processes (Devlieghere et al., 

2004). Chitosan is widely used as edible coating 

material (Jiang et al., 2014). Using chitosan in 

various fruit crops is quite beneficial in previous 

experiments. Zhang et al. (2011) found that 

chitosan maintained post-harvest quality and 

beneficially influenced firmness, total soluble 

solids content, titratable acidity, ascorbic acid  

content and water content of citrus fruit after 56 

days of storage at 15° C. In a study on raspberries 

fruits, it was found that chitosan retains the key 

quality, reduces ethylene production and respiration 
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rate, reduced weight loss, maintains fruit quality 

extends the cold storage period, and reduces decay 

(Velickova et al., 2013). Also, Shiri et al. (2013) 

found that coating table grapes with 0.5 percent or 

1% chitosan and storing them at 0 °C for 60 days 

resulted in decreased weight loss, deterioration, and 

higher levels of titratable acidity. El-Wahab et al. 

(2014) found that 1 % chitosan + 4% calcium 

chloride decreased weight loss and delayed the 

changes in firmness, titratable acidity, total soluble 

solids, vitamin C, anthocyanin content and 

respiration rate of Crimson seedless grape during 

storage periods compared with control. In addition, 

(Kamal et al., 2014) discovered that Zaghloul date 

palms treated chitosan 1% as post-harvest treatments 

gave the lowest significant weight loss % and the 

highest flesh firmness during cold storage at the end 

of 90 days. In fruits and vegetables, post-harvest 

treatment with CaCl2 delayed ripening and reduced 

degradation (El-Gamal et al., 2007), and lowered the 

rate of senescence and fruit ripening of pear under 

cold storage (Mahajan and Dhatt, 2004). 

To postpone fruit maturity, many methods have 

been used, including low-temperature storage (Al-

Eid et al., 2012 & Kamal et al., 2014). Cold storage, 

is taking advantage of the synergistic effect to 

enhance the post-harvest life of climacteric fruits. 

Higazy et al. (2002) found that storing Zaghloul 

fruits at 0 ºC reduced weight loss and prolonged 

storage life. 

The goal of this study was to see how chitosan, 

Nano-Chitosan, and calcium chloride, used 

individually as safe pre-harvest treatments, affected 

some physicochemical aspects of "Barhi" date palm 

fruits to retain quality during storage and lengthen 

post-harvest life. 

Materials and Methods 

1. Fruit material:-  

"Barhi" fruits obtained from, 11 years old palms 

grown on a private farm (Pico) at Masr-Alexandria 

desert road, Egypt. Date Palm fruits were (one month 

after treatments) harvested at Khalal stage when 

fruits when attained full color (bright yellow) 

according to (Iqbal et al., 2004) in mid-September 

during 2019 and 2020 experimental seasons. The 

fruit was delivered to a packing house on the same 

farm. Fruits that showed no symptoms of mechanical 

damage or degradation were chosen and standardized 

to ensure uniform size, color, and form, before being 

randomly assigned to one of ten groups. 

2. Preparation of coating solutions:- 

a. Preparation of chitosan:-  

High purity, low-molecular-weight chitosan 

powder food grade was used to preparation of 

solution; 10, 20 and 30 g of chitosan was added to 

100 ml of acetic acid solution (1% v/v) and gently 

mixed at 40 °C on a magnetic stirrer. Subsequently, 

0.75 ml/g of glycerol was added as the plasticizer 

and 0.2% of Tween 80 was added as the emulsifier. 

The pH was then adjusted to 5.7–6 by adding 1 

mol/L NaOH, and then the solution was steered at 

30°C for 30 min. The prepared solution was then 

filtrated through Whatman filter papers and 

autoclaved for 15 min at 121 °C (Ojagh et al., 2010).  

b. Calcium chloride:-  

1, 2, 3 g (w/v) solution was prepared by 

dissolving 1, 2 and 3 g/100 of CaCl2 in 1000 mL of 

distilled water. The solution was agitated constantly 

using a magnetic stirrer for 30 minutes and 0.2 mL of 

Tween 20 was added to the solution to improve 

wettability. 

Preparation of Chitosan Nano-particles: 

Chitosan Nanoparticles were prepared according 

to the ion tropic gelatin procedure developed by 

(Calvo et al., 1998) and modified by (Domaratzki et 

al 2008). The accurate weight of chitosan (1mg/ml) 

was dissolved in 0.175% acetic acid (v/v). Sodium 

tripolyphosphate (TPP) was dissolved in deionized 

water at the concentration of 2mg/ml. Both the 

chitosan and TPP solutions were dissolved under 

constant magnetic stirring at room temperature for 30 

minutes at 900 rpm. Once both solutions were 

individually mixed they were passed through a 

syringe filter. A 0.45 µm syringe filter was used for 

chitosan and a 0.22µm filter was used for TPP. The 

TPP was added to chitosan to form nanoparticles. A 

chitosan to TPP ratio of 5:1 was chosen based on the 

work of Zhang et al (2004) and confirmed by 

Domaratzki et al. (2008). Chitosan –TPP 

nanoparticles spontaneously formed by the TPP –

initiated ionic gelatin mechanism upon the addition 

of aqueous TPP solutions to the chitosan solutions (at 

chitosan to TPP volume ratio 5:1). This was done 

under mild constant magnetic stirring at room 

temperature for 1 minute at 100 rpm. Then it was 

centrifuged (Beckman Coulter Ultracentrifuge. 

California. the USA) for 30 minutes at 52000 xg to 

isolated the nanoparticles. 

The formation of chitosan nanoparticles could be 

controlled simply by varying the key processing 

conditions of chitosan concentration, TPP 

concentration, and solution PH. Within the tested 

range of conditions, an increase in particle size 

showed a simple linear relationship to increasing 

TPP concentration. Solution pH and chitosan 

concentration also had a profound influence on the 

stability of the nanoparticle system (Tang-Qian et 

al., 2007a). 

They used ten pre-harvest treatments were:  

* Taking into consideration that, the following 

spray was two times before harvest 

intervals 15 days. 

1. Control (Water only). 

2. Foliar spray with Chitosan at 1 g/L. 

3. Foliar spray with Chitosan at 2 g/L. 

4. Foliar spray with Chitosan at3 g/L.  

5. Foliar spray with CaCl2 at 1g/L. 

6. Foliar spray with CaCl2 at 2g/L. 
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7. Foliar spray with CaCl2 at 3g/L. 

8. Foliar spray with Nano-Chitosan at 1 Cm3. 

9. Foliar spray with Nano-Chitosan at 2 Cm3. 

10. Foliar spray with Nano-Chitosan at 3 Cm3. 

The treated and non-treated fruits were divided 

into different lots and transferred to the post-harvest 

laboratory after harvest directly. 

3. Storage fruits: 

Fruits from each treatment were packed in 

performing carton boxes (30*40*20cm) and store at 

cold temperature 0° C with 90-95% RH for each 

treatment, the first box to determine decay % and the 

second box to determine weight loss and third box to 

determine fruit quality, each box contained (2 kg of 

fruits/ replicate) was replicated three times, and the 

experiment was repeated twice (2015 and 2016 

seasons). During the storage period, all the physical 

characteristics (weight loss, firmness and color) and 

chemical characteristics (total phenol, total sugars, total 

Tannins and enzyme activity) will be determined in 

fruits sample every 15 days at different sampling times 

(i.e. At harvest, 15, 30, 45, 60, 75 and 90) days. 

4. Chemical properties:  

4.1. Total soluble solids percentage (T.S.S. %) of 

the pulp was estimated by abbey digital 

refractometer, according to the Association of 

Official Analytical Chemists (A.O.A.C.) 

(1995).  

4.2. TSS/acid ratio: TSS/acid ratio was estimated by 

dividing the total soluble solids percentage over 

the total acidity percentage. 

4.3. Total sugars percentage: Soluble sugars were 

colorimetrically adjusted in the dried fruit pulp 

extracted with water according to the 

modification done by Smith et al., (1956). 

Soluble sugars were calculated as the percentage of 

glucose in fruit dry pulp. 

4.4. Reducing and non-reducing sugars: The 

percentages of total, reducing and non-reducing 

sugars were determined according to Lane and 

Eynon (1965) volumetric method outlined in 

the Association of Official Analytical 

Chemists (A.O.A.C.) (1995). Non-reducing 

sugars percentage was determined by 

calculating the differences between total sugars 

and reducing sugars. 

4.5. Total fruit tannins (%): Total tannins 

concentration of date fruit peel was determined 

using the method described by Resenabatt and 

Pelluso (1941). Tannins concentration was 

determined from the standard curve of tannic 

acid. The tannins acid concentration was 

expressed as a percentage. 

5- Statistical analysis:  

All results of physicochemical parameters 

were performed in triplicate  using a 

completely randomized factorial design. Data 

were analyzed with the Analysis of variance 

(ANOVA) procedure of the MSTAT-C program. 

When significant differences were detected, 

treatment means were compared by LSD range 

test at the 5% level of probability in the two 

investigated seasons (Snedecor and Cochran, 

1980). 

 

Results and Discussions 

 

1. Chemical characteristics  

a. Total soluble solids (T.S.S.)  

Data showed the effect of pre-harvest treatments 

on TSS percentage of "Barhi date palm fruits during 

cold storage at 0°C and 90-95 % RH for 70 days are 

presented in Table (1). TSS increased with extending 

of the storage period reaching the maximum values 

at a storage period of (70 days) for Barhi date palm 

cultivar. Generally, it could be mentioned that all 

safe post-harvest treatments caused significantly 

lower TSS values than the untreated fruits during the 

two seasons of the study compared with control. At 

the end of the storage period, it appeared that the 

highest percentage of T.S.S. was obtained in control 

fruits (35.74 & 35.78%). Meanwhile, the lowest 

means values were obtained from Chitosan 

Nanomaterial at (3 Cm3) recorded (33.31 & 33.91%); 

followed by Chitosan Nanomaterial at (2 Cm3) 

recorded (33.40 & 33.92 %) followed by Chitosan 

Nanomaterial 1 Cm3 recorded (33.57 & 34.08 %) and 

then CaCl2 3g/L. (33.68 & 34.02) and CaCl2 2g/L 

recorded (33.86 & 34.09); followed by CaCl2 1g/L 

treatment recorded (33.86 & 34.13%) and then 

Chitosan (3 g/L); (2g/L) and (1 g/L) recorded (33.95 

& 34.30 %); (33.99 & 34.36 %) and (34.21 & 34.48 

%) respectively in descending order gave the lowest 

values of T.S.S during 2019 and 2020 seasons 

respectively compared with the untreated fruits 

(34.61 & 35.22%). 

Evaluating the interaction effect between storage 

periods and safe post-harvest treatments, data 

showed that the interactions of 90 days cold storage 

period, registered the highest values of fruit total 

soluble solids percentage, are in untreated fruits 

(control) in both seasons.  All post-harvest coating 

treatments showed the lowest increase in TSS. The 

loss of a substantial portion of water enhances the 

concentration of soluble solids. This issue makes the 

fruit much sweeter (Mortazavi et al., 2010).  

The lower TSS is due to the slower change 

from carbohydrates to sugars (Rohani et al., 1997).  

TSS showed an increasing trend during fruit 

development at cold storage. High TSS values 

represent the high percentage of sugars; fruit 

sweetening in the final stages of development is seen 

in most fruits and can be attributed to the hydrolytic 

conversion of insoluble carbohydrates into soluble 

sugars (Saleem et al., 2005). But in the case of date 

fruit, the loss of a substantial portion of water 
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enhances the concentration of soluble solids. This 

issue affects both the taste and the texture of date 

fruit and makes the fruit much sweeter (Mortazavi et 

al., 2010)  

Similar results in mango fruit coated with 

chitosan had less soluble solids than fruits untreated. 

Also, in papaya, chitosan provided an effective 

control in delayed changes in soluble solids 

concentration during 5 weeks of storage (Ali et al., 

2011). A similar effect was observed for that 

chitosan decreases the respiration rates, delays 

ripening (Du and Iwahroi, 1997) and slow rise in 

TSS (Zhang et al. 2011). Meanwhile, The effect of 

calcium in reducing the TSS content of fruits, 

reducing the rate of senescence and fruit ripening 

(Mahajan and Dhatt, 2004). Chitosan coating 

combined with calcium slowed the ripening of 

papaya as shown by their retention delay insoluble 

solid increase. 

b. T.S.S/acidity ratio.  

Data concerning the effect of pre-harvest foliar 

spray treatments on T.S.S/acidity ratio of "Barhi date 

palm during storage at 0°C and 90-95 % R.H. for 70 

days are presented in Table (2). The TSS/acid ratio 

increased with extending the storage periods 

reaching the maximum values at storage periods of 

(70 days) for the Barhi cultivar. Overall, it could be 

mentioned that all safe post-harvest treatments 

caused significantly lower TSS/acidity ratio values 

than the initial periods (untreated fruits) during the 

two seasons of study. At the end of the storage 

period, it appeared that the highest percentage of 

T.S.S./acidity ratio was obtained in control fruits 

(208.4 & 289.5). While, the lowest means values 

were obtained from Chitosan Nanomaterial (3 cm3) 

recorded (114.7 & 124.3); followed by CaCl2 3g/L. 

recorded (118.0 and 127.2) followed by Chitosan 

Nanomaterial (2 cm3) (118.2 & 129.4) and CaCl2 

2g/L. (120.6 & 133.1); CaCl2 2g/L and Chitosan 

Nanomaterial 1 cm3 recorded (122.2 & 135.1) then 

and Chitosan Nanomaterial 1 cm3 and CaCl2 1g/L 

recorded (124.7 & 137.9); followed by Chitosan (3 

g/L) (125.3 & 141.7); Chitosan (2g/L) (128.6 & 

146.5) and Chitosan (1 g/L) (136.7 & 159.5); 

respectively in descending order gave the lowest 

values of T.S.S/acidity during both seasons, 

respectively. 

c. Total sugars:  
Data mentioned that the effect of different pre-

harvest treatments on total soluble sugars content of 

stored "Barhi " date palm fruits is presented in Table 

(3). 

It is obvious that total soluble sugars increased 

gradually and significantly with extending of storage 

period as previously detected by Davarynejad et al ., 

(2013).  

While, the control treatment resulted in higher and 

faster increase in total soluble sugars during cold 

storage than that occurred in fruits treated with post-

harvest treatments at the two seasons of this study. In 

this respect; chitosan Nanomaterial 3 cm3 (31.22 & 

31.52 %) followed by chitosan Nanomaterial 2 cm3 

(31.26 & 31.26 %) followed by CaCl2 3g/L and 2 g/L 

(31.27 and 31.76 %) and then CaCl2 2g/L and chitosan 

Nanomaterial 1 cm3 treatments (31.32 & 31.78 %) and 

then chitosan Nanomaterial 1 cm3 and CaCl2 3g/L 

(31.33 & 31.81 %) followed by CaCl2 1 g/L recorded 

(31.40 & 31.85 %); Chitosan alone at 3g/L; 2 g/L and 1 

g/L (31.40 & 31.90 %); (31.48 & 31.96 %) and (31.54 

& 32.05) treatments in descending order gave the 

lowest values of total sugars as compared with the 

control treatment which recorded the highest values of 

total sugars (32.21 & 32.53 %) for both investigate 

seasons.  

Furthermore, the effect of interaction effect revealed 

that at the end of the storage period (70 days), fruits 

treated with the pre-harvest treatments initial periods 

showed the lowest values of total sugars compared with 

untreated fruits in the first and second seasons. 

It could be said that increasing total soluble sugars 

may be due to increasing hydrolysis of starch and 

polysaccharides to soluble sugars during cold storage.  

All pre-harvest treatments decline increases in total 

soluble sugars, whereas, the control gave the highest 

content of total sugars in both seasons. This may be 

because the high respiration of control fruit converts 

stored sugars or starch into energy and advances 

ripening.  

The increase in sugars content of fruits could 

be due to the ripening process that led to the 

transformation of some carbohydrates components as 

starch to sugars by the enzymatic activities 

(Karemera1 and Habimana, 2014).  

The higher total sugar content as "Barhi " date 

palm fruits passed from the Khalal to Rutab (full ripen 

fruits or softening) stage (El-Rayes, 2009).  

Fruit sweetening in the final stages of 

development is seen in most fruits and can be attributed 

to the hydrolytic conversion of insoluble carbohydrate 

polymers into low-density soluble sugars (Saleem et al., 

2005).  

 

d. Reducing sugars:  

Data in Table (4) refer to the reducing sugars 

content was significantly increased with prolonging 

cold storage periods. The control treatments showed the 

highest values of reducing sugars content. Chitosan 

Nanomaterial 3 cm3 recorded (28.2 & 29.47) followed 

by Chitosan Nanomaterial 3 cm3 and CaCl2 1g/L 

recorded (28.28 & 29.52) followed by CaCl2 3g/L and 

Chitosan Nanomaterial 2 cm3 recorded (28.33 & 29.53) 

and then Chitosan Nanomaterial 1 cm3 and CaCl2 3g/L 

recorded (28.34 & 29.54) and then CaCl2 2 g/L (28.34 

& 29.58) and followed by CaCl2 1 g/L and Chitosan 

Nanomaterial 1 cm3 (28.45 & 29.60) and then Chitosan 

3 g/L (28.49 & 29.86); Chitosan  2 g/L (28.64 & 29.86) 

and Chitosan 1 g/L (28.64 & 29.90) treatments in 

descending order gave the lowest values of reducing 

sugars as compared with the control treatment which 
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recorded the highest values of reducing sugars (29.18 & 

30.18 %) for 2019 and 2020 seasons, respectively.  

Data showed that interaction of the treatments 

and cold storage period recorded the highest values 

percentage of reducing sugars are in the control 

treatment (untreated fruits) in both seasons. All 

postharvest safe treatments showed the lowest increase 

in reducing sugars.  

The higher reducing sugar in "Barhi" date palm 

fruits during pass fruit from Khalal stage to rutab stage 

(EL-Rayes, 2009).  

 

e. Non reducing g sugars: 
As shown in Tables (5), it is clear that the 

average non-reducing sugars values decreased as the 

storage period increased reaching its lowest values of 

non-reducing sugars at the end of the storage period 

70 days in all pre-harvest treatments. The highest 

significant  mean values of "Barhi" date palm non-

reducing sugars obtained from untreated (control) 

gave (3.28 & 2.35) followed by Chitosan 1 g/L and 

CaCl2 3 g/L recorded (3.22 & 2.28) followed by 

Chitosan Nanomaterial 3 Cm3 & and CaCl2 1g/L 

gave (3.02 & 2.23) and then Chitosan Nanomaterial 

2 Cm3 and CaCl2 2g/L recorded (2.99 & 2.19) 

followed by Chitosan Nanomaterial 1 Cm3 (2.97 & 

2.18) followed by CaCl2 1g/L & Chitosan 1g/L (2.95 

& 2.16), CaCl2 3g/L & Chitosan 2g/L or 3 g/L  (2.93 

& 2.10) and finally Chitosan 2g/L or 3 g/L & 

Chitosan Nanomaterial 3 Cm3 gave (2.90; 2.91 & 

2.05) respectively in both seasons. In addition, 

control (water only) combination with the end of 

storage period reflected the highest non-reducing 

sugars for "Barhi" date palm fruits; meanwhile, 

untreated fruits gave the highest non-reducing sugars 

in this respect concerning the effect of the interaction 

during the different periods of storage in 2019 and 

2020 seasons of study. 

Chitosan alone pre-harvest treatment significantly 

inhibited the softening of "Barhi" date palm fruits 

resulting from the degradation of the middle lamella 

of the cell wall of cortical parenchyma cells 

(Perkins-Veazie, 1995). Calcium is a major 

component of the total; reducing and non-reusing 

parameters and has a role in strengthening cell wall 

and membrane structure and it plays a significant 

role in retarding of these parameters (Oms-Oliu et 

al., 2010).  

Total tannins:  
The effects of the pre-harvest treatments 

on "Barhi" date palm total tannins content were 

found to be statistically significant Table (6). At 

the end of the 70 days storage period, the total 

tannins content of fruits was decreased during 

both seasons of study, respectively.  

While, decline was much higher in 

control; all  postharvest  coating treatments 

inhibited the decline of total tannins specially 

(Chitosan Nanomaterial 3 cm3; CaCl2 3g/L.; 

Chitosan Nanomaterial 2 cm3 & CaCl2 3g/L.) and 

(Chitosan Nanomaterial 3 cm3; CaCl2 3g/L.) gave the 

highest statistically values (0.225; 0.220; 0.219 & 

0.214) and (0.208 & 0.205) in total tannins in the 

2019 and 2020 seasons, respectively. Interaction 

data show significant differences between 

various treatments and storage periods, the 

highest total tannins content was obtained from 

"Barhi" date palm fruits coated with chitosan 

Nanomaterial 3 cm3 and CaCl2 3 g/L treatments 

compared to control fruits recorded the highest 

decline of means total tannins (0.131 &  0.119). 

Minimum decrease of total tannins during 

storage showed from different post-harvest edible 

coatings of "Barhi" date palm fruits especially 

with chitosan only.  

This could be due to postharvest treatments slowed 

tannin degradation by reducing the respiration rate 

and created a modified atmosphere inside the fruit 

that affect its metabolism (Guilbert et al., 1996) 

as extend the khalal stage and delayed the 

entrance in rutab stage so, helped to delay ripening 

and preserved quality of "Barhi" date palm fruits. 

Al-Redhaiman (2004) reported that total 

tannins content decreased as "Barhi" dates matured 

from the khalal stage (Bisr or full mature stage of 

development) to the ripe stage (rutab). Tannin 

compounds are present as a layer below the skin 

of the date and consist mainly of polyphenols 

and flavones, which are broken down during 

maturation and converted to insoluble 

compounds that have no astringency (Tafti & 

Fooladi, 2005). In this study, soluble tannins 

concentrations in fruits by safe postharvest treatment 

application might be due to their influence in the 

delayed fruit ripening process.  

The present results supported by evidence that 

Chitosan alone or combined with calcium chloride 

coated grape (El-Wahab et al., 2014), Aloe vera 

coated sweet cherry and Papaya (Martinez- Romero 

et al., 2006; Marpudi et al., 2011) and Propolis 

extract coated sweet cherries (Candir et al., 2009) as 

helped to delay ripening, preserve fruit quality and 

prolong the shelf life. 



1022         El-Masry, A.M.  et al .  

 Annals of Agric. Sci., Moshtohor, Vol. 59 (4) 2021 

Table 1.  The effect of preharvest Chitosan, Nano-Chitosan and calcium chloride foliar spray treatments on total 

soluble solids (TSS) (%) of Barhi date fruits under cold storage during 2019/2020 experimental 

seasons.  

Treatments 

Storage periods 

Mean 0.0 days 10 days 20 days 30 days 40 days 50 days 60 days 70 days 

  First season; 2019 

Control (Water only). 32.51 33.12 33.56 34.16 35.02 35.43 36.19 37.26 34.61A 

Chitosan  1 g/L. 32.51 32.61 33.19 34.01 34.55 35.00 35.68 36.11 34.21B 

Chitosan  2 g/L. 32.51 32.63 32.95 33.59 34.19 34.77 35.34 35.97 33.99C 

Chitosan  3 g/L. 32.51 32.71 32.85 33.58 34.13 34.75 35.20 35.90 33.95C 

CaCl2 1g/L. 32.51 32.56 32.96 33.56 34.03 34.59 35.09 35.57 33.86D 

CaCl2 2g/L. 32.51 32.54 32.96 33.56 34.06 34.68 35.06 35.52 33.86D 

CaCl2 3g/L. 32.51 32.54 32.75 33.14 33.90 34.31 34.88 35.39 33.68E 

Chitosan Nanomaterial 1 Cm3. 32.51 32.58 32.87 33.05 33.33 33.90 34.46 35.82 33.57F 

Chitosan Nanomaterial 2 Cm3. 32.51 32.53 32.85 32.99 33.24 33.66 34.38 35.02 33.40G 

 Chitosan Nanomaterial 3 Cm3. 32.51 32.53 32.75 32.91 33.22 33.59 34.12 34.81 33.31H 

Mean 32.51H 32.64G 32.97F 33.46E 33.97D 34.47C 35.04B 35.74A   

L.S.D at 5 % for: Treatments (A) =0.0476 Storage periods (B) = 0.0426 A x B = 0.1346 

  Second season; 2020 

Control (Water only). 33.03 33.64 34.48 34.79 35.71 36.12 36.87 37.11 35.22A 

Chitosan  1 g/L. 33.03 33.22 33.73 34.24 34.70 35.13 35.71 36.11 34.48B 

Chitosan  2 g/L. 33.03 33.19 33.42 33.96 34.63 35.01 35.52 36.10 34.36C 

Chitosan  3 g/L. 33.03 33.28 33.38 33.91 34.52 34.91 35.41 35.95 34.30D 

CaCl2 1g/L. 33.03 33.11 33.44 33.87 34.26 34.68 34.99 35.65 34.13E 

CaCl2 2g/L. 33.03 33.08 33.50 33.85 34.21 34.57 34.96 35.55 34.09EF 

CaCl2 3g/L. 33.03 33.07 33.37 33.82 34.13 34.49 34.91 35.36 34.02G 

Chitosan Nanomaterial 1 Cm3. 33.03 33.10 33.32 33.92 34.21 34.61 34.99 35.47 34.08FG 

Chitosan Nanomaterial 2 Cm3. 33.03 33.07 33.21 33.34 34.11 34.46 34.83 35.30 33.92H 

 Chitosan Nanomaterial 3 Cm3. 33.03 33.07 33.18 33.61 34.02 34.41 34.80 35.19 33.91H 

Mean 33.03H 33.18G 33.50F 33.93E 34.45D 34.84C 35.30B 35.78A   

L.S.D at 5 % for: Treatments (A) =0.0509 Storage periods (B) = 0.0455 A x B = 0.1439 

 

Table 2.  The effect of preharvest Chitosan, Nano-Chitosan and calcium chloride foliar spray treatments on 

TSS/acidity ratio (%) of Barhi date fruits under cold storage during 2019/2020 experimental seasons.  

Treatments 

Storage periods 

Mean 0.0 days 10 days 20 days 30 days 40 days 50 days 60 days 70 days 

  First season; 2019 

  

Control (Water only). 98.5 111.5 122.9 177.0 206.0 241.0 309.3 400.6 208.4A 

Chitosan  1 g/L. 98.5 104.2 113.3 130.8 142.2 150.2 167.5 187.1 136.7B 

Chitosan  2 g/L. 98.5 102.9 108.7 121.3 131.5 143.1 151.7 171.3 128.6C 

Chitosan  3 g/L. 98.5 103.2 107.0 118.7 129.8 135.2 146.7 163.2 125.3D 

CaCl2 1g/L. 98.5 104.0 105.3 116.9 122.9 131.5 142.1 156.7 122.2E 

CaCl2 2g/L. 98.5 105.0 105.3 114.5 123.0 129.9 136.4 152.4 120.6E 

CaCl2 3g/L. 98.5 101.7 103.3 110.5 118.1 127.1 135.7 149.3 118.0F 

Chitosan Nanomaterial 1 Cm3. 98.5 104.1 109.6 115.2 128.2 131.9 145.4 165.1 124.7D 

Chitosan Nanomaterial 2 Cm3. 98.5 102.6 107.0 111.1 117.5 124.7 133.8 150.3 118.2F 

 Chitosan Nanomaterial 3 Cm3. 98.5 100.7 103.3 109.7 113.4 121.3 127.8 143.3 114.7G 

Mean 98.5H 104.0G 108.6F 122.6E 132.2D 143.6C 159.6B 183.9A   

L.S.D at 5 % for: Treatments (A) = 1.798 Storage periods (B) = 1.608 A x B = 5.085 

  Second season; 2020 

Control (Water only). 106.5 121.4 145.5 180.3 227.5 319.6 423.8 789.6 289.5A 

Chitosan  1 g/L. 106.5 114.6 128.3 144.5 159.9 178.3 213.8 230.0 159.5B 

Chitosan  2 g/L. 106.5 109.5 118.1 127.2 148.6 169.1 184.0 208.7 146.5C 

Chitosan  3 g/L. 106.5 108.4 116.3 127.0 142.1 163.9 177.1 192.2 141.7D 

CaCl2 1g/L. 106.5 107.9 114.1 124.1 141.0 155.5 169.0 184.7 137.9E 

CaCl2 2g/L. 106.5 107.8 114.3 120.9 135.2 148.4 156.8 175.1 133.1G 

CaCl2 3g/L. 106.5 107.7 112.4 117.8 126.4 131.1 149.8 166.0 127.2I 

Chitosan Nanomaterial 1 Cm3. 106.5 110.3 113.7 124.2 130.1 140.1 159.0 197.1 135.1F 
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Chitosan Nanomaterial 2 Cm3. 106.5 107.7 111.8 116.2 126.3 134.1 153.4 179.2 129.4H 

 Chitosan Nanomaterial 3 Cm3. 106.5 107.7 109.5 114.7 120.2 128.9 145.0 162.2 124.3J 

Mean 106.5H 110.3G 118.4F 129.7E 145.7D 166.9C 193.2B 248.5A   

L.S.D at 5 % for: Treatments (A) = 1.852 Storage periods (B) = 1.656 A x B = 5.237 

 

 

Table 3.  The effect of preharvest Chitosan, Nano-Chitosan and calcium chloride foliar spray treatments on total 

sugars (%) of Barhi date fruits under cold storage during 2019/2020 experimental seasons.  

Treatments 

Storage periods 

Mean 0.0 days 10 days 20 days 30 days 40 days 50 days 60 days 70 days 

  First season; 2019 

Control (Water only). 30.51 30.72 30.92 31.33 32.17 33.15 34.10 34.79 32.21A 

Chitosan  1 g/L. 30.51 30.56 30.76 31.02 31.32 32.14 32.72 33.25 31.54B 

Chitosan  2 g/L. 30.51 30.59 30.73 31.00 31.26 31.93 32.58 33.20 31.48C 

Chitosan  3 g/L. 30.51 30.56 30.70 30.92 31.15 31.77 32.53 33.09 31.40DE 

CaCl2 1g/L. 30.51 30.58 30.70 30.90 31.17 31.74 32.52 33.05 31.40DE 

CaCl2 2g/L. 30.51 30.55 30.69 30.90 31.11 31.63 32.23 32.97 31.32F 

CaCl2 3g/L. 30.51 30.55 30.65 30.86 31.04 31.42 32.19 32.92 31.27G 

Chitosan Nanomaterial 1 Cm3. 30.51 30.57 30.64 30.84 31.08 31.62 32.32 32.92 31.33EF 

Chitosan Nanomaterial 2 Cm3. 30.51 30.52 30.62 30.81 31.02 31.43 32.26 32.91 31.26GH 

 Chitosan Nanomaterial 3 Cm3. 30.51 30.54 30.62 30.80 30.93 31.35 32.19 32.82 31.22H 

Mean 30.51G 30.57G 30.70F 30.94E 31.23D 31.82C 32.56B 33.19A   

L.S.D at 5 % for: Treatments (A) =0.0441 Storage periods (B) = 0.0394 A x B = 0.1246 

  Second season; 2020 

Control (Water only). 30.95 31.37 31.66 31.97 32.76 33.03 33.93 34.60 32.53A 

Chitosan  1 g/L. 30.95 31.09 31.27 31.60 32.01 32.67 33.13 33.71 32.05B 

Chitosan  2 g/L. 30.95 31.07 31.21 31.54 31.84 32.37 33.05 33.63 31.96C 

Chitosan  3 g/L. 30.95 31.04 31.18 31.41 31.73 32.31 33.03 33.54 31.90D 

CaCl2 1g/L. 30.95 31.02 31.21 31.36 31.61 32.21 32.99 33.42 31.85E 

CaCl2 2g/L. 30.95 31.01 31.12 31.33 31.51 32.09 32.87 33.23 31.76G 

CaCl2 3g/L. 30.95 31.01 31.10 31.30 31.91 32.19 32.73 33.33 31.81EF 

Chitosan Nanomaterial 1 Cm3. 30.95 31.03 31.11 31.31 31.50 32.21 32.82 33.29 31.78FG 

Chitosan Nanomaterial 2 Cm3. 30.95 31.01 31.07 31.21 31.47 32.04 32.75 33.23 31.72H 

 Chitosan Nanomaterial 3 Cm3. 30.95 30.99 30.06 31.19 31.41 31.96 32.51 33.05 31.52I 

Mean 30.95G 31.06F 31.10F 31.42E 31.78D 32.31C 32.98B 33.50A   

L.S.D at 5 % for: Treatments (A) =0.0402 Storage periods (B) = 0.0360 A x B = 0.1137 
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Table 4.  The effect of preharvest Chitosan, Nano-Chitosan and calcium chloride foliar spray treatments on 

reducing-sugars (%) of Barhi date fruits under cold storage during 2019/2020 experimental seasons.  

Treatments 

Storage periods 

Mean 0.0 days 10 days 20 days 30 days 40 days 50 days 60 days 70 days 

  First season; 2019 

Control (Water only). 27.30 27.93 28.33 28.78 29.23 30.00 30.66 31.19 29.18A 

Chitosan  1 g/L. 27.30 27.81 28.00 28.21 28.52 29.11 29.52 30.66 28.64B 

Chitosan  2 g/L. 27.30 28.14 27.97 28.16 28.48 29.03 29.50 30.00 28.57B 

Chitosan  3 g/L. 27.30 27.73 27.96 28.15 28.46 28.93 29.42 29.98 28.49C 

CaCl2 1g/L. 27.30 27.68 27.91 28.15 28.43 28.90 29.35 29.84 28.45D 

CaCl2 2g/L. 27.30 27.63 27.76 27.92 28.33 28.71 29.26 29.79 28.34E 

CaCl2 3g/L. 27.30 27.61 27.72 27.89 28.29 28.78 29.31 29.77 28.33E 

Chitosan Nanomaterial 1 Cm3. 27.30 27.67 27.79 27.92 28.37 28.74 29.21 29.72 28.34E 

Chitosan Nanomaterial 2 Cm3. 27.30 27.63 27.76 27.89 28.29 28.63 29.13 29.57 28.28F 

 Chitosan Nanomaterial 3 Cm3. 27.30 27.60 27.71 27.83 28.21 28.51 29.01 29.43 28.20G 

Mean 27.30H 27.74G 27.89F 28.09E 28.46D 28.93C 29.44B 30.00A   

L.S.D at 5 % for: Treatments (A) =0.0360 Storage periods (B) = 0.0322 A x B = 0.1017 

  Second season; 2020 

Control (Water only). 28.15 28.95 29.37 29.81 30.26 31.03 31.71 32.17 30.18A 

Chitosan  1 g/L. 28.15 28.80 29.21 29.70 30.00 30.68 31.10 31.52 29.90B 

Chitosan  2 g/L. 28.15 28.76 29.18 29.67 29.97 30.62 31.05 31.44 29.86C 

Chitosan  3 g/L. 28.15 28.73 29.15 29.62 29.88 30.51 31.02 31.37 29.80D 

CaCl2 1g/L. 28.15 28.71 29.00 29.35 29.70 30.27 30.88 30.11 29.52E 

CaCl2 2g/L. 28.15 28.64 28.92 29.23 29.66 30.24 30.71 31.05 29.58F 

CaCl2 3g/L. 28.15 28.63 28.85 29.19 29.58 30.21 30.67 31.02 29.54G 

Chitosan Nanomaterial 1 Cm3. 28.15 28.67 29.01 29.31 29.64 30.26 30.71 31.07 29.60F 

Chitosan Nanomaterial 2 Cm3. 28.15 28.63 28.87 29.19 29.57 30.22 30.63 30.97 29.53G 

 Chitosan Nanomaterial 3 Cm3. 28.15 28.61 28.81 29.15 29.40 30.19 30.54 30.91 29.47H 

Mean 28.15H 28.71G 29.04F 29.42E 29.77D 30.42E 30.90B 31.26A   

L.S.D at 5 % for: Treatments (A) =0.0312 Storage periods (B) = 0.0279 A x B = 0.0881 

 

Table (5): The effect of preharvest Chitosan, Nano-Chitosan and calcium chloride foliar spray treatments on 

Non-reducing-sugars (%) of Barhi date fruits under cold storage during 2019/2020 experimental seasons.  

Treatments 

Storage periods 

Mean 0.0 days 10 days 20 days 30 days 40 days 50 days 60 days 70 days 

  First season; 2019 

Control (Water only). 3.21 3.79 3.59 2.55 2.94 3.15 3.43 3.60 3.28A 

Chitosan  1 g/L. 3.21 3.80 3.76 2.81 2.80 3.03 3.19 3.19 3.22B 

Chitosan  2 g/L. 3.21 2.45 2.75 2.84 2.77 2.90 3.08 3.20 2.90E 

Chitosan  3 g/L. 3.21 2.83 2.74 2.76 2.69 2.85 3.11 3.12 2.91E 

CaCl2 1g/L. 3.21 2.90 2.78 2.75 2.74 2.84 3.17 3.22 2.95DE 

CaCl2 2g/L. 3.21 2.92 2.93 2.98 2.78 2.92 2.97 3.18 2.99CD 

CaCl2 3g/L. 3.21 2.94 2.93 2.97 2.75 2.64 2.88 3.15 2.93DE 

Chitosan Nanomaterial 1 Cm3. 3.21 2.90 2.86 2.92 2.71 2.88 3.11 3.20 2.97CD 

Chitosan Nanomaterial 2 Cm3. 3.21 2.90 2.86 2.91 2.73 2.80 3.13 3.34 2.99CD 

 Chitosan Nanomaterial 3 Cm3. 3.21 2.94 2.90 2.97 2.72 2.84 3.18 3.40 3.02C 

Mean 3.21A 3.04B 3.01C 2.85E 2.76F 2.89D 3.13AB 3.26A   

L.S.D at 5 % for: Treatments (A) =0.022 Storage periods (B) = 0.0197 A x B = 0.0623 

  Second season; 2020 

Control (Water only). 2.80 2.42 2.29 2.16 2.50 2.00 2.22 2.43 2.35A 

Chitosan  1 g/L. 2.80 2.29 2.06 1.90 2.01 1.99 2.04 2.20 2.16E 

Chitosan  2 g/L. 2.80 2.31 2.03 1.87 1.87 1.75 2.00 2.19 2.10F 

Chitosan  3 g/L. 2.80 2.31 2.03 1.79 1.85 1.79 2.02 2.17 2.10F 

CaCl2 1g/L. 2.80 2.32 2.21 2.21 1.92 1.94 2.11 2.31 2.23C 

CaCl2 2g/L. 2.80 2.37 2.20 2.09 1.85 1.86 2.16 2.18 2.19CD 

CaCl2 3g/L. 2.80 2.38 2.25 2.11 2.33 1.98 2.06 2.31 2.28B 

Chitosan Nanomaterial 1 Cm3. 2.80 2.36 2.10 2.00 1.86 1.95 2.11 2.22 2.18DE 

Chitosan Nanomaterial 2 Cm3. 2.80 2.37 2.20 2.02 1.90 1.82 2.11 2.26 2.19CD 

 Chitosan Nanomaterial 3 Cm3. 2.80 2.39 1.26 2.04 2.01 1.77 1.97 2.14 2.05G 
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Mean 2.80A 2.35B 2.06E 2.02F 2.01F 1.89G 2.08D 2.24C   

L.S.D at 5 % for: Treatments (A) =0.0180 Storage periods (B) = 0.0161 A x B = 0.0609 

 

Table 6. The effect of preharvest Chitosan, Nano-Chitosan and calcium chloride foliar spray treatments on total 

tannins (%) of Barhi date fruits under cold storage during 2019/2020 experimental seasons.  

 Treatments 

Storage periods 

Mean 0.0 days 10 days 20 days 30 days 40 days 50 days 60 days 70 days 

  First season; 2019 

Control (Water only). 0.260 0.190 0.170 0.120 0.097 0.087 0.073 0.053 0.131F 

Chitosan  1 g/L. 0.260 0.210 0.193 0.173 0.167 0.163 0.157 0.147 0.184E 

Chitosan  2 g/L. 0.260 0.223 0.213 0.193 0.180 0.177 0.160 0.153 0.195D 

Chitosan  3 g/L. 0.260 0.227 0.220 0.207 0.193 0.187 0.173 0.157 0.203CD 

CaCl2 1g/L. 0.260 0.233 0.223 0.217 0.200 0.193 0.187 0.173 0.211BC 

CaCl2 2g/L. 0.260 0.243 0.233 0.223 0.203 0.193 0.183 0.177 0.214AB 

CaCl2 3g/L. 0.260 0.250 0.237 0.227 0.210 0.203 0.193 0.183 0.220AB 

Chitosan Nanomaterial 1 Cm3. 0.260 0.233 0.223 0.213 0.207 0.197 0.183 0.173 0.211BC 

Chitosan Nanomaterial 2 Cm3. 0.260 0.240 0.230 0.223 0.213 0.207 0.193 0.183 0.219AB 

 Chitosan Nanomaterial 3 Cm3. 0.260 0.247 0.237 0.227 0.217 0.213 0.207 0.193 0.225A 

Mean 0.260A 0.230B 0.218C 0.202D 0.189E 0.182E 0.171F 0.159G   

L.S.D at 5 % for: Treatments (A) =0.0098  Storage periods (B) = 0.0088 A x B = 0.0279 

  Second season; 2020 

Control (Water only). 0.250 0.173 0.137 0.117 0.093 0.077 0.057 0.047 0.119G 

Chitosan  1 g/L. 0.250 0.207 0.180 0.163 0.113 0.147 0.137 0.113 0.164F 

Chitosan  2 g/L. 0.250 0.217 0.197 0.150 0.163 0.153 0.140 0.127 0.175E 

Chitosan  3 g/L. 0.250 0.217 0.200 0.187 0.173 0.160 0.150 0.137 0.184D 

CaCl2 1g/L. 0.250 0.220 0.203 0.183 0.177 0.160 0.160 0.140 0.187CD 

CaCl2 2g/L. 0.250 0.223 0.213 0.193 0.187 0.173 0.167 0.150 0.195BC 

CaCl2 3g/L. 0.250 0.237 0.223 0.207 0.197 0.183 0.177 0.163 0.205A 

Chitosan Nanomaterial 1 Cm3. 0.250 0.220 0.207 0.199 0.180 0.163 0.153 0.140 0.189B-D 

Chitosan Nanomaterial 2 Cm3. 0.250 0.223 0.220 0.203 0.187 0.177 0.160 0.150 0.196B 

 Chitosan Nanomaterial 3 Cm3. 0.250 0.240 0.227 0.213 0.197 0.187 0.180 0.167 0.208A 

Mean 0.250A 0.218B 0.201C 0.182D 0.167E 0.158F 0.148G 0.133H   

L.S.D at 5 % for: Treatments (A) = 0.0080 Storage periods (B) = 0.0072 A x B =0.0223 
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تأثير معاملات ما قبل الحصاد بالشيتوزان والنانو شيتوزان وكلوريد الكالسيوم على بعض الخصائص الكيمائية لثمار 

 البلح  البرحي أثناء التخزين المبرد
 أحمد محمد البسيوني حسن المصري و حامد الزعبلاوي محمود البدوي و شريف فتحي عيد السيد الجيوشي

 جامعة بنها –ة بمشتهر كلية الزراع –قسم البساتين 

خلال موسمي    سة  شرك 9191و9102أجريت هذه الدرا مزارع  سكندرية الصحراوي ةفي  كو( طريق مصر إ ثة )بي عة الحدي  -الزرا

مار نخي قبلجمهورية مصر العربية   . وهدفت الدراسة إلى دراسة  تأثير بعض معاملات ما  سويقية وجودة ث ية والت قدرة التخزين ل الحصاد علي الم

  البلح البرحي.

 وتضمنت هذه التجربة عشرة معاملات كالتالى:

 معاملة الكنترول )ثمار غير معاملة(. .0

 جم للتر.0لشيتوزان بتركيز الرش با .9

 جم للتر. 9بتركيز الرش بالشيتوزان  .3

 جم للتر.3بتركيز  الرش بالشيتوزان  .4

 جم للتر.0كلوريد الكالسيوم بتركيز ب الرش  .5

 جم للتر.9م بتركيز كلوريد الكالسيوالرش ب .6

 جم للتر.3كلوريد الكالسيوم بتركيز ب الرش .7

 سم للتر.0شيتوزان بتركيز  -النانوالرش ب .8

 سم للتر.9بتركيز شيتوزان  -الرش بالنانو .2

 سم للتر.3بتركيز شيتوزان  -الرش بالنانو .01

يد الكاليوم رشه  ب 05 كل  تم رش الثمار قبل الجمع بشهر مرتين بمعدل شيتوزان وكلور نانوال مار وتجهيزها  شيتوزان -سيوم وال تم جمع الث

يد  للتخزين  لث لتحد لوزن والثا فى ا قد  يد الفا ثانى لتحد مار، ال من الث قد  ثم وضعت كل معاملة فى صناديق كرتون، الصندوق الأول لتحديد الفا

خزي 3كجم ثمار ويكرر كل صندوق لكل معاملة  9معايير الجودة وكل صندوق وضع به  تم ت عاملات على مرات.  كل الم من  مار  يع الث ن جم

. أثناء التخزين البارد تم أخذ العينات لدراسة صفات 9191، 9102وتم تكرار التجربة عامين متتاليين  %25 -21صفر درجة مئوية ورطوبة 

 ( يوم .71، 61، 51 ،41، 31، 91، 01أيام حتى نهاية فترة التخزين بداية من وقت الحصاد وكل ) 01الجودة وتم ذلك بشكل دورى كل 

من  -أوضحت النتائج أن ثمار البلح البرحي المعاملة بأي من النانو كل  في  شيتوزان وكلوريد الكالسيوم  بالتركيز العالي أعطت أقل القيم 

اد التانينيه  . ومن ناحية الفقد في الوزن ونسبة التالف بينما أعطت أعلى القيم في جميع صفات الجودة المدروسة فيما عدا نسبة الحموضة ونسبة المو

عدا صفتي ال ما  برة  في معظم الصفات المخت في أخرى وجد أن ثمار البلح الغير معاملة  )كنترول( وتلك المعاملة بالشيتوزان  أعطت أقل القيم  قد  ف

 .لاتالمعامهذه الوزن والتلف التي زادت تحت 

 . السكريات الكلية ––الفقد في الوزن  –نسبة التلف  –م كلوريد الكالسيو–الشيتوزان  –البلح البرحي الكلمات الدالة:

 


